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Résumé 
L'accès aux services de santé et les longs délais d'attente sont l’un des principaux problèmes dans la plupart 

des pays du monde, dont le Canada et les États-Unis. Les organismes de soins de santé ne peuvent pas 

augmenter leurs ressources limitées, ni traiter tous les patients simultanément. C'est pourquoi une attention 

particulière doit être portée à la priorisation d'accès des patients aux services, afin d’optimiser l’utilisation de 

ces ressources limitées et d’assurer la sécurité des patients. En fait, la priorisation des patients est une 

pratique essentielle, mais oubliée dans les systèmes de soins de santé à l'échelle internationale. 

 Les principales problématiques que l’on retrouve dans la priorisation des patients sont: la prise en 

considération de plusieurs critères conflictuels, les données incomplètes et imprécises, les risques associés 

qui peuvent menacer la vie des patients durant leur mise sur les listes d'attente, les incertitudes présentes 

dans les décisions des cliniciens et patients, impliquant l'opinion des groupes de décideurs, et le 

comportement dynamique du système. La priorisation inappropriée des patients en attente de traitement a 

une incidence directe sur l’inefficacité des prestations de soins de santé, la qualité des soins, et surtout sur 

la sécurité des patients et leur satisfaction. Inspirés par ces faits, dans cette thèse, nous proposons de 

nouveaux cadres hybrides pour prioriser les patients en abordant un certain nombre de principales lacunes 

aux méthodes proposées et utilisées dans la littérature et dans la pratique. 

Plus précisément, nous considérons tout d'abord la prise de décision collective incluant les multiples critères 

de priorité, le degré d'importance de chacun de ces critères et de leurs interdépendances dans la procédure 

d'établissement des priorités pour la priorisation des patients. Puis, nous travaillons sur l'implication des 

risques associés et des incertitudes présentes dans la procédure de priorisation, dans le but d'améliorer la 

sécurité des patients. Enfin, nous présentons un cadre global en se concentrant sur tous les aspects 

mentionnés précédemment, ainsi que l'implication des patients dans la priorisation, et la considération des 

aspects dynamiques du système dans la priorisation.  

À travers l'application du cadre global proposé dans le service de chirurgie orthopédique à l'hôpital 

universitaire de Shohada, et dans un programme clinique de communication augmentative et alternative 

appelé PACEC à l'Institut de réadaptation en déficience physique de Québec (IRDPQ), nous montrons 

l'efficacité de nos approches en les comparant avec celles actuellement utilisées. Les résultats prouvent que 

ce cadre peut être adopté facilement et efficacement dans différents organismes de santé. Notamment, les 

cliniciens qui ont participé à l'étude ont conclu que le cadre produit une priorisation précise et fiable qui est 

plus efficace que la méthode de priorisation actuellement utilisée. 
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En résumé, les résultats de cette thèse pourraient être bénéfiques pour les professionnels de la santé afin 

de les aider à: i) évaluer la priorité des patients plus facilement et précisément, ii) déterminer les politiques 

et les lignes directrices pour la priorisation et planification des patients, iii) gérer les listes d'attente plus 

adéquatement, vi) diminuer le temps nécessaire pour la priorisation des patients, v) accroître l'équité et la 

justice entre les patients, vi) diminuer les risques associés à l’attente sur les listes pour les patients, vii) 

envisager l'opinion de groupe de décideurs dans la procédure de  priorisation pour éviter les biais possibles 

dans la prise de décision, viii) impliquer les patients et leurs familles dans la procédure de priorisation, ix) 

gérer les incertitudes présentes dans la procédure de prise de décision, et finalement x) améliorer la qualité 

des soins. 
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Abstract 

Access to health care services and long waiting times are one of the main issues in most of the countries 

including Canada and the United States. Health care organizations cannot increase their limited resources 

nor treat all patients simultaneously. Then, patients’ access to these services should be prioritized in a way 

that best uses the scarce resources, and to ensure patients’ safety. In fact, patients’ prioritization is an 

essential but forgotten practice in health care systems internationally. 

Some challenging aspects in patients’ prioritization problem are: considering multiple conflicting criteria, 

incomplete and imprecise data, associated risks that threaten patients on waiting lists, uncertainties in 

clinicians’ decisions, involving a group of decision makers’ opinions, and health system’s dynamic behavior. 

Inappropriate prioritization of patients waiting for treatment, affects directly on inefficiencies in health care 

delivery, quality of care, and most importantly on patients’ safety and their satisfaction. Inspired by these 

facts, in this thesis, we propose novel hybrid frameworks to prioritize patients by addressing a number of 

main shortcomings of current prioritization methods in the literature and in practice. 

Specifically, we first consider group decision-making, multiple prioritization criteria, these criteria’s importance 

weights and their interdependencies in the patients’ prioritization procedure.  Then, we work on involving 

associated risks that threaten patients on waiting lists and handling existing uncertainties in the prioritization 

procedure with the aim of improving patients’ safety. Finally, we introduce a comprehensive framework 

focusing on all previously mentioned aspects plus involving patients in the prioritization, and considering 

dynamic aspects of the system in the patients’ prioritization. 

Through the application of the proposed comprehensive framework in the orthopedic surgery ward at 

Shohada University Hospital, and in an augmentative and alternative communication (AAC) clinical program 

called PACEC at the Institute for Disability Rehabilitation in Physics of Québec (IRDPQ), we show the 

effectiveness of our approaches comparing the currently used ones. The implementation results prove that 

this framework could be adopted easily and effectively in different health care organizations. Notably, 

clinicians that participated in the study concluded that the framework produces a precise and reliable 

prioritization that is more effective than the currently in use prioritization methods. 

In brief, the results of this thesis could be beneficial for health care professionals to: i) evaluate patients’ 

priority more accurately and easily, ii) determine policies and guidelines for patients’ prioritization and 

scheduling, iii) manage waiting lists properly, vi) decrease the time required for patients’ prioritization, v) 

increase equity and justice among patients, vi) diminish risks that could threaten patients during waiting time, 
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vii) consider all of the decision makers’ opinions in the prioritization procedure to prevent possible biases in 

the decision-making procedure, viii) involve patients and their families in the prioritization procedure, ix) 

handle available uncertainties in the decision-making procedure, and x) increase quality of care.  
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Chapter 1. Introduction  
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A waiting list is a queue of clients who are assumed to need a service that is in short supply. Deciding 

which clients are perceived or measured important or significant and ranking them based on their 

importance or significance called prioritization. Prioritization is an influential aid for decision makers 

when they want to allocate resources to the organization. It is essential and inevitable in health care 

not only because of resource shortage, which has not been improved during years, but also because 

of patients’ safety. Prioritization is also important in view of an optimization of the supply structures; 

prioritization is a crucial issue that will contribute to the capability and stability of the systems. This 

decision making under complex, uncertain and dynamic environments is not as simple as ABC. Figure 

1 illustrates different steps in prioritization process and their feedback loops (dashed lines). 

 

 

Figure 1 Prioritization process 
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There are different approaches for prioritization such as: 1. Multi-criteria decision-making techniques, 

2. Binary search tree, 3. Spanning tree matrix, 4. Priority group/Numerical Analysis, 5. The simple 

ranking, 6. Strategy Grids, 7. Nominal Group Technique, 8. The Hanlon Method, 9. Prioritization Matrix, 

10. The reliability engineering tools such as Failure Mode and Effect Analysis (FMEA), 11. Heuristic 

Approaches and etc. Each of these techniques has its own strength and weakness. Some methods 

rely heavily on group participation, whereas other methods are more focused on individual’s decisions. 

Some methods consider multiple criteria; some others deal with a single criterion.  It’s important to 

understand that, each method can be adapted to suit particular need of an organization not all of them. 

Then, none of the available methods is the best all of the time for all of the needs of the organization. 

However, based on the literature, it has been proven that integrated methods are more successful in 

meeting most of the decision-making needs of the organizations in practice. Then, in this thesis work, 

we proposed integrated methods to deal with different decision-making needs in health care services’ 

delivery. 

Different prioritization integrated approaches have been designed, developed and applied in various 

areas such as logistics, manufacturing, energy, agriculture and etc. Nevertheless, their application in 

health care area is still in its infancy stage. Prioritization in health care area could include different 

issues such as; prioritization of patients’ access to health care services, prioritization of medical 

devices, prioritization of health care technologies, etc. This thesis particularly deals with the critical 

problem of prioritizing patients’ access to health care services.  

Selection of patients for treatment is an example of difficult choices. One might well wonder why 

patients’ prioritization is troubling and controversial. In the following section, we discuss the problem 

more in details. 

 

1.1 Problem statement 

 

Patients in most of the countries (including the United States and Canada) continue to wait too long to 

receive medically necessary treatment. Waiting times’ situation not only have not been improved during 

years till 2015 [1], but also they have gotten worse in 2016 [2].  One of the main reasons for long waiting 
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times is an imbalance between demand and availability of scarce resources in health care 

organizations. Clinicians can’t treat all patients simultaneously because of their time shortage and 

limited resources. Due to high costs, managers can’t increase the number of their limited resources. 

Then, patients’ access to these services should be prioritized in a way that best uses existence scarce 

resources, and most importantly increase patients’ safety and quality of care. 

However, prioritization may not be the only option responding to limited resources in health care, but it 

may be one of the best options in the identification of high-risk patients and increasing the safety of 

patients’ waiting for treatment.  There are other alternatives for responding to the limited resources 

problem, like increasing efficiency or the overall amount spent on health care, and rationing by delay. 

But, rationing implicitly goes along with problems in principle [3], and is not sufficiently narrowing the 

gap that occurs between demand and supply [4]. Rationing regularly refers to actual withholding of 

health services, while prioritization describes a systematic and comprehensive approach to analyzing 

what is more and what is less important [5] which may lead to saving patients’ life and decreasing the 

associated risks that could threaten their health while they are waiting for treatment. It leads to a precise 

decision making on patients’ selection for treatment and a ranking order. Prioritization in health care 

domain is a preferable approach over implicit approaches like rationing when tight budgets force 

clinicians to make allocation decisions [3]. Prioritization helps to allocate scarce resources fairly and 

transparently [3]. 

Currently, in health care systems after patients are referred to treatment, their situation is examined. If 

patients have the non-life threatening condition, they will be enrolled on a first-come, first-serve basis. 

But if their conditions are life-threatening they will be registered on a priority waiting list. Higher priority-

patients will be selected for service prior to those with a lower priority, regardless of when they are 

placed on the list [1]. 

Inappropriate prioritization of patients waiting for treatment leads to increased wait times, inequity, bias 

in decision-making, and affect directly on inefficiencies in health care delivery, quality of care, and most 

importantly on patients’ medical conditions.  Reports regarding the harms related to long wait times 

and inappropriate prioritization of patients on waiting list are increasing. These harms include poorer 

medical results from care, reduction in effectiveness of treatment [6], increased patient’s anxiety, and 

increased risk of adverse events [7], mortality [8], and so more. An appropriate patients’ prioritization 
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can play an important role in diminishing these undesirable outcomes. Besides, it can have a significant 

impact on both medical community and public's faith in justice and equity.  

An excellent prioritization in health system requires not only good recognition of the system, expertise 

to analyze and understand the information (related to patients, clinicians and other resources), but also 

to consider and organize that information regularly in a way to make an adequate decision and to 

promote a collaboration among key stakeholders (e.g. managers, clinicians, patients). 

There are different major challenging questions in the prioritization of patients’ access to health care 

services that could be answered in a best possible way with an integrated, systematic and 

comprehensive framework. Questions like: How to involve confronting trade-offs between multiple, 

often conflicting, factors? How can groups of clinicians’ opinions be simultaneously involved in the 

decision-making procedure? How can patients and their families be involved in the decisions? What 

are the main criteria for prioritizing patients? What are the risks that threaten patients on waiting list? 

How important are these risks and criteria compared to each other? How can we handle uncertainties 

in clinicians’ decisions? How dynamic nature of the health system could be considered?  

Currently, access to healthcare services are not prioritized in a way that best uses limited resources 

and to ensure a transparent, equal and accurate rank of patients on waiting lists. There is no reliable 

and comprehensive method of assessing the relative priority of patients on waiting lists, and some 

researchers [9], [10], [11], [12], [13], [14], and [15] in their studies stressed the need for an 

interdisciplinary and collaborative research to explore systematic and precise prioritization framework. 

Although some prioritization approaches have been developed for this aim but, they have several major 

shortcomings. In the next chapter (i.e. chapter 2), we will discuss how these decisions are currently 

made, and what are their main shortcomings 

 

1.2 Objective of the thesis 

 

This thesis work will give useful impulses to face major challenges in patients’ prioritization, by 

developing a novel integrated framework which covers all of the current drawbacks and will provide 

both theoretical and practical solutions for them. We achieve this goal via developing a hybrid 

framework, inspired by decision making and risk management approaches which successfully have 

been applied in other critical industries than health care. 
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More explicitly the objectives of this thesis are:  

1. Identification of the major shortcomings and limitations of the current prioritization systems in the 

delivery of health services. 

2. Identification of the possible risks and main criteria in patients’ prioritization. 

3. Development of a new framework that involves clinicians, patients, caregivers and other 

stakeholders in the prioritization procedure. 

4. Development of a holistic novel and easy to use framework which covers most of the current systems’ 

limitations in patients’ prioritization such as multiple conflicting criteria, incomplete and imprecise data, 

uncertainties and associated risks, the dynamic behavior of the system, etc.  

5. Evaluation and assessment of this framework in real practice and comparing the results with 

currently used methods. 

 

Achieving these objectives is ensured through experimental study in the orthopedic surgery ward at 

Shohada University Hospital, and in an Augmentative and Alternative Communication clinical program 

(called PACEC) located at the Institute for Disability Rehabilitation in Physics of Quebec (IRDPQ) a 

rehabilitation center serving the population of the eastern part of the province of Québec, Canada. 

 

1.3 Main Contributions 

 

Multiple Criteria Decision Making (MCDM) approaches for patients’ prioritization 

In [11]  we introduce the challenges in patients’ prioritization and focus on existing methods for 

prioritizing patients on waiting lists by reviewing related articles published in international journals and 

conferences to identify shortcomings of the existing methods for prioritizing patients. The results are 

discussed in Chapter 2 (i.e. literature review and shortcomings). And some recent literature review has 

been added to keep the thesis up to date. 

In [16] we propose two multiple criteria decision making models (Group Analytic Hierarchy Process 

(AHP) and Analytic Network Process (ANP)) to evaluate and prioritize patients considering multiple 

criteria and possible interrelationships among them. We illustrate the potential of our models on an 

academic small sized instance. By doing so, we respond to following questions; How to involve 
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confronting trade-offs between multiple, often conflicting, factors? How can groups of clinicians’ 

opinions be simultaneously involved in the decision making procedure? What are the main criteria for 

prioritizing patients? How important are these criteria compared to each other? In [14] we propose ANP 

approach to prioritize patients on Transplant Waiting Lists (TWL) to receive organ. This model 

illustrates the application of our ANP model in organ transplantation, and how we can consider 

interrelationships among prioritization criteria in prioritizing patients on TWL. The part is mainly 

discussed in Chapter 3. 

 In [17] we explain how Technique for Research of Information by Animation of a Group of Experts 

(TRIAGE) approach and Fuzzy AHP model have been used in a real case study in PACEC program at 

a rehabilitation hospital. We illustrate how clinicians can reach a global consensus in selecting 

prioritization criteria using TRIAGE approach in real practice, how linguistic terms and Fuzzy-AHP could 

be used to determine importance weights of selected criteria, and how uncertainties in clinicians’ 

decision makings can be handled using fuzzy logic (this part is explained in the application part of the 

thesis, Chapter 7). 

 

Uncertainties and risks in patients’ prioritization 

In [17] and [18] we identify and introduce the associated risks that could threaten patients while they 

are waiting for treatment in two different clinical settings. In [19] we propose a novel integrated 

framework using multiple criteria decision making approaches and the notion of a fuzzy soft set together 

with arithmetic operations on the fuzzy number to deal with uncertainties in clinicians’ decisions and to 

involve risks in patients’ prioritization. In this study, we consider not only multiple criteria but also 

associated risks which may threaten patients on waiting lists and these risks’ possible interactions. 

Besides, existing uncertainties in decision making procedure, related to clinicians’ decisions are 

handled adequately (this part is explained in Chapter 4, 5, and 6). 

 

Dynamic and comprehensive prioritization 

In [18] we propose a holistic framework that overcomes most of the shortcomings of the previous 

methods up to date. We present an innovative integrated three-step decisional comprehensive 

framework that considers dynamic and complex nature of the healthcare systems in patients’ 
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prioritization. This framework integrates Fuzzy Logic, Analytic Hierarchy Process (AHP), Data 

Envelopment Analysis (DEA), and Min-Max Regret Approach (MRA) to obtain a primary prioritization 

of patients. Then proposes Delay Ratio, Risk-Criteria score, and Profile Matrix, to introduce dynamic 

aspects (related to the patients’ medical condition and their waiting time) into the prioritization process. 

The proposed framework not only considers the medical staff’s opinions but also involve patients and 

their caregivers/families in decision-making process. (This framework is explained in Chapter 5, 6 and 

7). 

In the application part of the thesis (Chapter 6 and 7), we illustrate how the proposed framework in 

Chapter 5 has been implemented for prioritization of orthopedic surgical patients (with age range of 2-

75 years) at Orthopedic Surgery ward, Shohada University Hospital, East Azerbaijan, Iran. Besides, 

this chapter discusses the results of an electronic survey that was conducted on November 2015 at 

Shohada University Hospital and compares the proposed framework with the currently used method of 

prioritization in this hospital. The results of the survey prove the effectiveness of the proposed 

framework in real practice. Chapter 7 also illustrates a part of implementation of the framework at 

IRDPQ, Quebec, Canada rehabilitation center, for prioritization of patients with communication 

disabilities.  

 

1.4 Thesis Outline 

 

This thesis is divided in to three parts: i) Introduction and literature review ii) Methodology, and iii) 

Application. Chapter 2 discusses the literature and its shortcomings. Chapter 3 introduces Multiple 

Criteria Decision Making (MCDM) approaches for prioritizing patients. Chapter 4 considers 

uncertainties and risks in patients’ prioritization and proposes a new framework to deal with them, and 

Chapter 5 proposes a comprehensive dynamic framework for patients’ prioritization that covers most 

of the limitations of current prioritization systems. Chapter 6 and 7 illustrate the application of the 

proposed frameworks in two different clinical settings (an orthopedic surgery ward and in a 

rehabilitation hospital respectively). Finally, thesis concludes with Chapter 8, focusing on summary of 

the thesis, contributions, applications, future works, and produced publications during this thesis work. 
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Chapter 2.  Literature review and shortcomings 
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2.1 Literature Review  

 

The earliest publications on ‘priorities in medicine’ are from England [20], [21] and Denmark [22], 

Norway was the first country worldwide that considered prioritization in healthcare in an organized way 

and on a national level [23].  

Patients’ prioritization is a complex decision making process and according to Hadorn [24], “the 

normative basis for prioritization is that patients with more urgent conditions should receive services 

ahead of those with less urgent conditions, and patients with approximately the same degree of urgency 

should wait about the same length of time”. Broadly, patients’ priority can be defined by the position of 

patient in the waiting queue (leading to e.g., first-come, first-served (FCFS)), patient specific 

characteristics or the contribution to an objective function or to a combination of factors [25]. 

Some authors [26], [27], [24], [28], [10], [29], [30], [31] proposed various prioritization scoring systems 

to assist health professionals to make better decisions in determining which patient receive treatment 

sooner than others. A scoring system or points system consists of a method for deciding patients’ 

relative priorities for treatment. In this type of prioritization system, a weighted set of criteria is proposed 

and each patient is assessed with respect to every criterion. The sum of all the values gives a “total 

score” for each patient, which is used to rank patients between them. 

Pioneer scoring systems introduced in 1990s were criticized for being arbitrary and resulting in 

significant numbers of patients being mistakenly denied treatment (sometimes with fatal 

consequences). However, scoring systems have been proposed and are largely in use in Italy, Sweden, 

New Zealand, United Kingdom, Norway, Germany, Canada and other countries that are member of the 

Organization for Economic Co-operation and Development (OECD). For instance, currently used 

scoring tools in Canada are in five main clinical areas (i.e. cataract surgery; general surgery 

procedures; hip and knee replacement; magnetic resonance imaging scanning, children's mental 

health) [32]. Prioritization formulae (which mostly consider waiting time, urgency or deterioration 

factors) were also developed with the aim of reducing waiting times and improving access of patients 

to health care services, Mullen [12] gave a complete review of developed prioritization formulas. A 

summary of Mullen’s review is shown in Table 1.  
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Table 1. Developed prioritization formulae. 

 

Description Proposed Prioritization formula Description 

Luckman et al., 1969 [33]  � = ��  ���	
 

where P= priority score; S =social factor 
(1–3);D= disability factor (1–3); 

w=deterioration factor(1–3); T = time on 
waiting list(weeks); a and b are constants. 

Fordyce  et al., 1970 [27],  
� = ������������ 

where S =social factor; D =disability factor 
(1–5); w =urgency of condition (0–5); 

T=time on waiting list (weeks); a, b and c 
are constants. 

Phoenix, 1972 [34], � = ��√� Luckman  J. (1969) proposed formula 
simplified to this one 

Eltringham and Clare, 1973 
[35], 

� = 800�1 − ����� where P =patient’s priority score; k = 
f(urgency);T =time on waiting list. 

Clare, 1973 [36], � = ���√�  
where P =priority score; L= expected 

length of stay; c =constant; w =urgency or 
deterioration factor; T= time on waiting 

list. Culyer and Cullis, 1976 
[37], � =  ���� + 28�√�  

Langham & 
Thorogood,1996 [38] ; 

Soljak, 1997 [39];  Hadorn& 
Holmes, 1997 [40], 

� = � ��
�

� !  
where P= priority score; ��= score for ith 

clinical factor 

Dennett and Parry, 1998 
[41], 

 

 

� = � 
�
"

� !  . � $%
&

% !  

where P= total priority score; 
�= score 
on 'th element of the clinical severity 
criterion (i =1 suffering (physical or 

mental) (values 0, 3, 5 or 7);i = 2 disability 
(1, 3, 5 or 7); i = 3 clinical cost of delay (1, 

3 or 6)); $%=score on jth element of the 
capacity to benefit criterion (j = 1 degree 

of improvement anticipated; j = 2 
likelihood of improvement). 

Seddon et al., 1999 [42], � = ( � ��
�

� !  
where E =(100 – age)/30 if age > 70 

Lack et al. , 2000 [28] , � = � ��
�

� ! . )� + �5+, − 1�& 
where t = time already waited and 

m=waiting time of the longest waiter. 
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Naylor et al. [43] suggested assigning to each patient, at referral’s moment, a priority code based on 

an Urgency Rating Scale (URS). Prioritization based on other considerations has also been proposed 

for situations where the risk of death was low [24].  In Dolan and Cookson’s [44] work the different 

principles of for priority-setting decision makings have been focused qualitatively (e.g. need, equity and 

fairness principles). Nagel and Lauerer [45] comprehensively discussed the different prioritization 

factors in their book and MacCormick et al.  [46] thoroughly discussed the different prioritization factors 

and their weighing in a review on prioritization systems of patients. These criteria and their related 

information are summarized in Table 2.  

Table 2 illustrates 41 different developed prioritization scoring tools, their criteria and weights, their 

used summation method, and whether the developed tool is disease specific or generic. Most of these 

developed tools was based on the urgency of patients, and rarely tools involved the benefit aspect in 

the tools. Only nine of these 41 developed tools recommended waiting time in their studies. For more 

detailed information on each of developed scoring tools, refer to MacCormick et al.  [47].  
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Table 2. Criteria to prioritize patients for elective surgery [46]. 
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Table 2. Continued. 
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The prioritization has been rarely considered within scheduling problem for surgical patients.  In Testi 

et al. [47] and Valente et al. [48] the subset of patients to be operated on, and their order of admission 

was introduced. It was based on both waiting time of the patient since referral and patient’s urgency 

status. Valente et al. [48] developed a model to prioritize patients’ access to elective surgery on the 

basis of clinical urgency and waiting time. Testi et al. [47] in their research emphasized the importance 

of using both URGs and scoring system for scheduling patients’ admissions. A similar approach was 

also used in Min and Yih [49] . Most recently, in 2015, Addis et al. [50] considered the problem of 

selecting a set of patients among a given waiting list of elective patients and assigning them to a set of 

available operating room blocks. In their study, patients were prioritized by a recommended maximum 

waiting time.  

In emergency departments (EDs) upon their arrival to the ED, patients have a triage interview, then the 

triage nurse prioritizes them to two, three or five clinically distinct levels based on their vital signs, 

present illnesses, and past medical history.  The contemporary emergency severity index (ESI) triage 

system sorts patients into five clinically distinct levels in EDs. ESI level 1 or level 2 are assigned to the 

most acutely ill patients, and ESI levels 3, 4, and 5 are assigned to the lowest acutely-ill patients. There 

are several serious limitations of using the ESI triage sorting system in EDs; physicians and nurses in 

current triage system are not able to determine how to proceed when they faced with the scenario of 

multiple same level patients in the waiting room  [51] [52] . Briefly, the main challenge is the prioritization 

and ranking of non-urgent (i.e. elective) patients and identifying who should proceed first for the 

treatment [52]. Moreover, the patient’s medical state might change while waiting for treatment, which 

means that triage decisions should change dynamically as well [53]. 

The use of the utility theory to prioritize ED patients assigned to the same acuity level was recently 

increased. Claudio and Okudan [53] in their study illustrated the use of the multi-attribute utility theory 

(MAUT) in patient prioritization using a hypothetical example. They explained the choice of MAUT due 

to the inherent uncertainty in ED settings, and that MAUT accounts for uncertainty [54]. Ashour and 

Okudan [55] also prioritized patients in ED using MAUT and considering patient age, gender, pain level, 

and the assigned ESI. These factors were not been considered in the ESI algorithm, nor in Claudio and 

Kudan’s study [53]. 

Argon and Ziya [56] in their study assumed that each customer arrives with a signal that can be used 

as an indicator for his/her identity. They considered three different prioritization policies i.e., highest-
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signal-first (HSF) policy, two-class policy, first-come-first-served (FCFS) policy, and the generalized cµ 

(GE-cµ) policy. Then, they compared these policies based on waiting cost. Their study showed that 

when the waiting cost is linear with time, HSF policy outperformed any finite class priority policy 

otherwise the two-class policy and the FCFS policy performed better than the HSF policy [54]. Even 

though Argon and Ziya [56] have described techniques to choose the better signal, they did not develop 

a way for prioritizing patients who visit the ED.  

Ashour and Kremer [54] most recently developed a dynamic prioritization tool for EDs. They applied 

group technology (GT) concept to the triage process to develop a dynamic grouping and prioritization 

(DGP) algorithm. They implemented discrete event simulation (DES) to investigate the impact of the 

DGP algorithm on the performance measures of the ED system. Their study demonstrated that DGP 

algorithm outperforms the ESI algorithm by shortening patients’ average length of stay (LOS), the 

average time to bed (TTB), time in the emergency room, and lowering the percentage of tardy patients 

and their associated risk in the system [54]. Patients’ prioritization has been considered also in other 

types of medical activities such as organ transplant [57], [58], [59], [60], [14], [61], [62], trauma [63], 

[52], and in Cardiothoracic Intensive Care Unit (ICU) [64]. Despite all these efforts, some important 

aspects are still overlooked and there are major shortcomings in current prioritization systems that 

need to be improved [9], [10], [11], [12], [13]. These shortcomings are explicitly stated in the following 

section. 
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2.2 Shortcomings 

 

i. Current prioritization tools cannot ensure that the ranking results are robust to face uncertainty. 

Uncertainties are inherent to most of the real-life decision making processes and particularly in 

medicine, where the lack of information, as well as its imprecision and conflicting nature,  are 

common facts [32]. 

ii. Associated risks that could threaten patients’ health during the waiting time have been overlooked. 

In all patient-related procedures, presents’ risks are associated with severe effects and 

unavoidable consequences that increase along with the waiting time. By considering these risks in 

the prioritization procedure, decision makers could make sure that patients with the highest risks 

(e.g. the risk of injury, disability or even death) will be selected first.  

iii. Lack of group decision making is another shortcoming of the current prioritization tools. For 

instance, in surgery wards, medical staff may have different priorities or concerns that could conflict 

with surgeons’ ones.  But, at the end, the surgeon is the only one who prioritizes patients based 

on his/her opinion. This may cause dissatisfaction of medical staff, and more importantly bias in 

the prioritization. To benefit from all surgery team members’ knowledge and experience in 

prioritization procedure, other team member’s assessments should be considered. Albeit, in order 

to have an accurate prioritization, the surgery team members should have different weights.  

iv. Possible interrelationships among criteria have been overlooked. Real life situations usually 

confirm possible interrelationships among decision criteria that can influence the final results. 

However, no attention has been paid to this issue in patients’ prioritization procedures up to date.  

v. Dynamic behavior of system has not been considered. Practically, waiting lists are dynamic, new 

patients arrive and others quit continuously. Moreover, patients’ medical condition evolves in time. 

Therefore, prioritization procedure must take into account this dynamic behavior of the system in 

order to adequately support decision makers. However, this important issue has been mostly 

overlooked in previous works. 

vi. Indeed, there are always different numbers and types of patients in the waiting lists, which should 

be served by hospitals or other healthcare organizations. However, in the previous researches, 

only one single type of patients has been considered. 

vii. Last but not least, there is no systematic and comprehensive framework for patients’ prioritization 

on waiting list. 
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Based upon the increasing number of demand for health care services and mentioned shortcomings 

of existing prioritization systems, there is a need for a quantitative and qualitative approach that 

dynamically identifies and assesses the patients’ priority.  The approach should improve the capability 

of prioritization systems to make differentiations among the mix of patients while lowering the cognitive 

stress and load on medical staff due to the dynamic nature of prioritization process and the complex 

environment of health care organizations. A well-designed, accurate and easy to use prioritization tool 

could aid clinicians enormously to make better decisions regarding the selection of patients for 

treatment. Next part of the thesis focuses on our developed methodologies in three different chapters 

to deal with these shortcomings in prioritization systems. Chapter 3 introduces Multiple Criteria 

Decision Making (MCDM) approaches for prioritizing patients considering multiple criteria and a group 

of decision makers’ opinions.  Chapter 4 considers uncertainties and risks in patients’ prioritization and 

proposes a new framework to deal with it, and Chapter 5 proposes a comprehensive dynamic 

framework for patients’ prioritization that covers most of the limitations of current prioritization systems.  
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Part 2. Methodology 

 

 

 

 

 

 

 

 

 

 

 



 24  
 

Chapter 3.  Multiple Criteria Decision Making (MCDM) approaches for 

patients’ prioritization 
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3.1 Foreword 

 

As discussed in the previous chapter, current health care systems have some main limitations in 

prioritizing patients. Therefore, this chapter of the thesis proposes two prioritization approaches to 

overcome some of the mentioned shortcomings and rank patients on waiting lists for elective 

procedures in a more effective way. 

Health care decisions are complicated and involve trade-offs between multiple (often conflicting) 

objectives. Using structured and accurate approaches like multiple criteria decision analysis (MCDA) 

are useful for this purpose and could improve the quality of care. MCDA methods are widely used in 

other sectors, and recently there has been an increase in the application of MCDA in health care [65] 

[66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80]. However, to the best of our 

knowledge, it’s the first time in the literature that MCDA approaches are used in prioritizing elective 

surgical patients. 

In this chapter Multi-Criteria Decision Making (MCDM) models, Group Analytic Hierarchy Process 

(AHP) and Analytic Network Process (ANP), are used in an attempt to formalize the prioritization 

process and mitigate some of the limitations of the prioritization systems observed in practice. Because 

of the specificities of the problem, both processes seem to be attractive alternatives and they make the 

model easy to implement, use and update if necessary.  In this study we focus on elective and semi-

elective cases and we consider surgical patients. The rest of the chapter is organized as follows: the 

next section proposes criteria for surgical patients’ prioritization (general surgery) based on the 

literature. Then, AHP and ANP models for solving the prioritization problem are presented. Then, a 

numerical example is proposed to illustrate how these models are applied, and the results produced 

by both models are compared. A concluding of the chapter is provided in the last section.  

 

3.2 Choosing criteria for surgical patients’ prioritization  

 

Identification and description of relevant criteria is one of the most important steps in the prioritization 

procedure. Recently, Domènech et al. [10] in their study proposed a list of relevant criteria for assessing 

and prioritizing patient for general surgery. They selected eight main criteria to develop a scoring 



 26  
 

system where one single decision maker assesses patients and uses the provided evaluation scales. 

In this chapter of the thesis, the eight criteria proposed in their work [10] will be reconsidered. To better 

detail the third criterion (i.e. rate of disease progression) and introduce the notion of risk, we propose 

six sub-criteria for this criterion. Moreover, we use these criteria in a group-decision environment and 

inside a structured decision making approach which allows capturing relationships between criteria.  All 

the criteria (C1 to C8) and sub-criteria (C31 to C36) are presented in the following: 

 

C1 - Disease severity:  

Severity concerns the consequences of disease on patient’s health or in detail on his/her organ 

function. A precise assessment of disease severity is a rather difficult task and generally is done upon 

clinical examination, tests or existent clinical severity scales. 

 

C2 - Pain (or other main symptoms): 

Pain refers to suffering in general or more specifically about physical pain. It may be keen, dull, come 

and go, or it may be constant. Pain refers to the degree of the main symptom (type, intensity or 

frequency) affecting daily  life  activities and  health related  quality of  life [10]. 

 

C3 - Rate of disease progression: 

It varies between patients based on many factors like their disease, their health state, age, etc. Earlier 

prioritization systems used to evaluate this criterion by three absolute choices: No progression, 

Worsening claudication in the last 3 months, and restenosis from previous intervention. But, we believe 

this criterion requires a more accurate definition, so we propose 6 main risks as sub-criteria. These 

sub-criteria are: 

    C31: Risk of death: It concerns the probability of death for a patient waiting for treatment. This sub-

criterion is one of the most important factors in our model. Since patients waiting for the same treatment 

may show different levels of risk, this sub-criterion seeks to ensure that patients with higher risk of 

death will be selected first. 



27 

 

     C32: Risk of  serious complications:  development of comorbidity or  worsening the severity of  the 

illness. This sub-criterion assesses the probability of developing one or more additional diseases 

(comorbidity) or serious complications for a patient who is waiting. 

     C33: Risk of reducing the effectiveness of treatment: Delays can reduce the effectiveness of 

treatment. For instance, in very old people the effectiveness of joint surgery decreases by time passing. 

    C34: Past complications (R4): Past health situation and complications of the patient may impact on 

treatment outcome (e.g. surgery outcome) and even constitute a threat to patient’s health.  

    C35: Risk of affecting adjacent organs or spread of the disease (R5): This sub-criterion considers 

the need for fast treatment (e.g. fast surgery) for patients with the high possibility of the spread of 

disease and affecting near organs. 

    C36: Progression that might affect the survival or can modify the type of treatment (R6): Any kind of 

delay in treatment which might affect the survival probability of a patient or which could force specialists 

to modify the type of treatment to perform. 

 

C4: Difficulty in doing activities:  

Difficulty in doing activities concerns patient’s limitations to perform daily life activities that he/she was 

able to do prior to his/her disease.  

 

C5: Probability and degree of improvement: 

It assesses the overall improvement in health-related quality of life [10]. Since this criterion estimates 

expected the benefit of treatment, it is considered in our study as a benefit related criterion. 

 

C6: Time on waiting list: 

The time spent on the waiting list is one of the most important factors from patients’ point of view and 

thus it effects on patients’ perception of the quality of the received services.  
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C7: Limitation to care for one’s dependents: 

It concerns limitations to exercise the responsibility of taking care of dependents (i.e. children, elder 

parents). 

 

C8: Limitations in the ability to work/study/seek employment: 

This criterion indicates limitation of the patient to  work (in paid  or unpaid  jobs) because of  the 

condition or limitation for  schooling or  educational activities  or job-seeking [10]. Criteria 7 and 8 

highlight the social role of patients in our prioritization models.  

Domènech et al. [10] weighted these criteria in collaboration with a panel of medical experts. They used 

different approaches for identifying and developing criteria (or the items of the priority tool) and weights 

such as evidence-based and consensus-based approaches in three sequenced phases. The first 

phase was conducting a literature review. In a second phase, a nominal group technique was used to 

reach consensus on the relevant criteria and dimensions that should be included in the tool. In the third 

phase, a two-round Delphi study was conducted. They decided to base the developed tool on a linear 

score system ranking from 0 to 100, where 0 was the lowest priority and 100 the maximum. They asked 

112 experts to give weights to these 8 criteria. Their response rate was 52%. Table 3 reports the 

weights assigned to each criterion based on their work. If a new criterion is added or an existing one is 

deleted from the model, all the criteria’s weights must be reassessed. 

 

Table 3 Criteria, and weights for elective surgery [10]. 

 

 

 

 

 

 

 

C1 C2 C3 C4 C5 C6 C7 C8 

0.23 0.14 0.15 0.14 0.12 0.05 0.08 0.09 
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3.3 Models for prioritization of patients 

 

Domènech et al. [10] in their three phase study defined criteria and their weights and then they 

developed a scoring system based on these selected criteria and their weights. In this part, we 

introduce Analytic Hierarchy Process and Analytic Network Process, two multi-criteria decision making 

models, and presents how they are used to prioritize surgical patients and overcome some of currently 

developed tools’ shortcomings. 

 

3.3.1 Patients’ prioritization model using Analytic Hierarchy Process  

 

Analytic hierarchy process (AHP) is a decision making tool which has been successfully applied to 

complex situations where several decision makers deal with multiple factors having diverse relative 

importance. AHP decomposes a problem into a hierarchy in which the overall decision objective lies at 

the top and the criteria, sub-criteria and decision alternatives are on each descending level of the 

hierarchy [81]. Decision makers compare each factor to all the other ones in the same level of the 

hierarchy using a pairwise comparison matrix to find each factor’s weight or relative importance. The 

“best” solution is the alternative (i.e. the patient in this thesis) having the greatest cumulative weight 

[82]. We refer the interested reader to [82] , [83] for a thorough discussion on AHP. 

Our first model considers prioritization of surgical patients as a multiple criteria decision-making 

problem and uses group AHP to solve it. In this part, we explain the proposed hierarchy model to solve 

this critical problem. The development of the hierarchy is the first fundamental step to explain the 

problem structure more clearly and specifically. To do so, all the important criteria must be identified 

and placed at the appropriate level of the hierarchy. In the previous section, we elected eight main 

criteria from the literature, we use those 8 criteria in the criteria level of the hierarchy. Finally, patients 

compose the third level of the hierarchy. The objective is to assign a criticality score (or priority) for 

every single patient participating in the model. Figure 2 shows a decision hierarchy for prioritization of 

surgical patients.  
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Figure 2 Hierarchy model for prioritization of surgical patients 

 

To assess a patient with respect to a particular criterion, the criterion’s description and their associated 

intensities should be defined in advance. After assigning weights to all criteria and medical experts 

(surgeons and/or clinical staff) the model is ready to be used to assess the patients’ priorities. A 

numerical experiment illustrating this model is provided in section 3.4.  

 

3.3.2 Patients’ prioritization model using Analytic Network Process  

 

“Many decision problems cannot be structured hierarchically because they involve the interaction and 

dependence of higher  level elements  in a hierarchy on  lower level  elements” [84]. Since AHP allows 

just one-directional hierarchical relationships, more flexible tools able to model complex 

interrelationships among criteria and decision levels are needed. But, sometimes in real practice due 

to clinicians’ time limitation, using AHP is preferred (since the number of questions in the AHP-based 

questionnaire is less than an ANP-based questionnaire). In this chapter, we introduced and modeled 

the theoretical solution for patients’ prioritization based on both AHP and ANP approaches. Then, in 
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real practice, readers can use one of the proposed ones based on the situation and limitations of the 

clinical setting which they work on.  

The Analytic Network Process (ANP) was developed by Saaty [83] to overcome the problem of 

dependence and feedback among criteria in AHP. Such “complex interrelationships among criteria” 

seem to be present in our context, so we remodel our prioritization problem as a network (ANP) model 

in order to compare the results produced by both approaches. Briefly, ANP model for patients’ 

prioritization encompasses the following four phases:  

Phase 1: Construction of the model and problem structuring: 

In the first phase, the prioritization problem is stated clearly and decomposed into a rational network 

(see Figure 3). Figure 3 shows our selected 8 criteria and 6 sub-criteria (i.e. risks) in a network. 

Numbers in parenthesis beside to each criterion shows its importance weight.  The ANP technique 

builds a network model of the problem by structuring it into clusters containing elements that are related 

to, or influence each other. Medical experts determine the relationships among the model elements 

and their impact based on their knowledge and their experience. Brainstorming, conducting surveys, 

or other group meeting methods can be used in this step to reach consensus. 

Phase 2:  Pairwise comparisons and priority vectors construction: 

In this phase, pairs of decision elements at each component/cluster are compared with respect to their 

importance towards their control criterion, and the components themselves are pairwise compared with 

respect to their contribution to the main goal (patients’ prioritization). In addition, interdependencies 

among criteria of a cluster must also be examined in pairs. Medical experts are asked to respond to a 

series of pair-wise comparisons (two elements or two components at a time will be compared). The 

relative importance values are determined by using Saaty’s 1-to-9 scale [84], where a score of 1 stand 

for equal importance between two factors and a score of 9 presents the extreme importance of one 

factor compared to the other one. 
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Figure 3 Decision network for prioritization of surgical patients. 

 

Phase 3: Formation of Supermatrix:  

The influence of elements on other elements in the network is represented by the “supermatrix” [83]. 

To obtain global priorities in a system with interdependent influences, the local priority vectors are 

entered in the appropriate columns of a matrix.  Therefore, a “supermatrix” is a partitioned matrix where 

each partition represents a relationship between two nodes (components/clusters) in a system. The 

elements in the matrix are obtained by normalizing each block of the super matrix. 

 

 Phase 4:  Synthesis of the criteria and patients’ priorities and selection of the best patient: 

The priority weights of patients are found in the column of alternatives in the normalized super matrix. 

The patient with the largest overall priority should be the first to be selected.  
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3.4 Numerical experiment 

 

In this section, we propose a numerical example to illustrate the application of the proposed models 

and to compare their performance. The example concerns four patients with different profiles and 

medical states. We assume that three experts (clinical staff and/or surgeons) assign to each patient a 

value in the 1 to 9 scale to each considered criterion. Experts receive also weights based on their 

knowledge and experience. In our example, we set experts’ weights to 0.126, 0.168, and 0.706 for 

expert 1 to 3, respectively. The goal of both models is to prioritize surgical patients. To this end, both 

models incorporate eight main criteria, and in the ANP model, six additional sub-criteria are considered. 

The four patients are considered as “alternatives” in both models. Related hierarchy and network 

structures are shown in Figures 2 and 4, respectively.  

 

 

 

Figure 4 Network structure of surgical patients’ prioritization. 

 

Goal (Surgical Patients’ 

prioritization) 

Difficulty in doing 

activities (C4) 

Probability of 

improvement (C5) 

Pain (C2) 

Limitation to care for 

one’s dependents (C7) 

Limitations in ability 

to work, study (C8) 

Time on waiting 

list (C6) 

Disease 

Severity 

(C1) 
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The overall priorities of the patients produced by the group AHP and ANP models are shown in Table 

4. The numerical results were computed by Super Decisions software version 2.0.8 in the case of ANP, 

and Expert Choice, for AHP. As it can be observed, both models lead to similar conclusions for the 

highest rank patients P1 and P3. Due to time and resource constraints, we were able to use a small-

scale experiment. We suggest the large-scale study in this regard, to evaluate the models’ performance 

and compare the results. 

Sensitivity analysis is used to assess the model reliability in response to changes in the weights 

assigned to considered criteria. Sensitivity is important because users always wonder how a slight 

different choice of weights could have led to very different results. In a sensitivity analysis, the weights 

assigned to criteria are modified and the system responses are recorded and analyzed. Ideally, the 

model’s outcome, (i.e., the order of the patients based on their priority considering multiple criteria), 

should be stable (unchanged) under minor variations of weights values.  

  

Table 4 Results produced by AHP and ANP models.  

Patients Score AHP Rank AHP Score ANP Rank ANP 

P1 0.425 1 0.4722 1 

P2 0.131 4 0.2000 3 

P3 0.238 2 0.2293 2 

P4 0.206 3 0.0985 4 

 

We conducted a sensitivity analysis in our example with four patients. Figure 5 graphically illustrates 

each patient’s rank for each of the eight criteria. Figure 6 & 7 graphically illustrate the changes in the 

rankings for all the patients when the weight for the first and most important criterion “C1” (disease 

severity) is changed, the weighted values for other criteria are equally distributed as the weight of C1 

changes. In this figure, x-axis shows the weight for the C1 and y-axis shows the priority score of each 

patient. The solid vertical line at the weight of 0.23 in Figure 6 denotes the current weight for disease 

severity. This figure also shows that the ranking will be the same for all the possible values of C1 
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greater than 0.006 (blue vertical dotted line). If C1 is weighted less than that value, P4 (the fourth 

patient) becomes preferred with respect to P3 (the third patient). 

 

Figure 5 Performance sensitivity of four patients with respect to each criterion 

 

Figure 6 Sensitivity analysis with respect to criterion C1. 

P.1 

P.3 

P.4 

P.2 
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Figure 7 Sensitivity analysis with the weight for disease severity updated to 0.006. 
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3.5 Chapter conclusion  

 

This chapter addressed the difficult problem of prioritizing patients on waiting lists. We presented two 

multiple criteria decision making models in an attempt to overcome some of the limitations of the 

currently used prioritization methods such as the inability to consider: a) multiple criteria, b) group of 

decision makers’ opinions, and c) possible relationship among criteria.  

After reviewing the pertinent literature, eight criteria, and six sub-criteria (as associated risks) were 

elected to assess the relative priority of patients on surgical waiting lists. Criteria were balanced and 

structured by means of Group AHP and ANP (two well-known multi-criteria approaches) to determine 

weighting values for the prioritization criteria, their possible relationships, and finally to evaluate and 

rank the patients. We illustrated the potential of our models on an academic small sized instance. 

Despite the limited scope of our experiments, the results suggested that the proposed models not only 

consider various perspectives determining patients’ priorities but also remain noticeably stable and 

robust as shown in sensitivity analysis.   

Although we believe that the proposed models are efficient and effective, there are areas for 

enhancements. Some of the shortcomings of these models are their inability to handle uncertainties 

and risks, inability to consider incomplete and imprecise data (which is most common in health care 

systems), inability to handle the dynamic behavior of the system, etc. In the next chapters, we will 

introduce solutions to the remaining limitations and will explain how these issues could be addressed 

in patients’ prioritization. 
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Chapter 4. Uncertainties and risks in patients’ prioritization 
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4.1 Foreword 

 

Medical knowledge and clinical practices are always associated with considerable amounts of 

uncertainty and about everything in medicine is inevitably vague [85]. Many complicated problems like 

patients’ prioritization problem involve such uncertainties. Despite this issue’s importance, (to the best 

of our knowledge) no valid tool has been proposed in the literature to prioritize patients for medical 

treatment considering these uncertainties, associated risks, and other important aspects altogether.  On 

the other hand, the easiest and a preferable way for medical staff to assess patients is to use the 

linguistic variable but, currently used scoring systems have only crisp values for the ratings. To this end, 

this chapter of the thesis focuses on uncertainties and risks in patients’ prioritization procedure and 

proposes a novel framework to deal with this crucial issue. 

This problem, which health care organizations face, cannot be solved using classical mathematic 

methods. There are several well-known theories (such as the theory of probability, the theory of fuzzy 

sets, the theory of vague sets, the theory of interval mathematics, etc.) to describe uncertainty, but all of 

these theories have their inherent difficulties as mentioned in [86]. The reason for these difficulties is, 

possibly, the inadequacy of the parameterization tool of the theories [87]. To overcome these difficulties, 

Molodtsov initiated the concept of soft sets as a new mathematical tool for dealing with uncertainties 

[86]. This so-called soft set theory seems to be free from the difficulties affecting the existing methods 

[88]. 

Recently, research works on soft sets in manufacturing industries are very active and progressing 

rapidly. Many researchers have studied applications of fuzzy soft set theory in many disciplines and real-

life situations but its application in health care industry is new. To the best of our knowledge, this is the 

first time in literature that this framework is introduced for patients’ prioritization. This chapter of the thesis 

focuses on developing an interdisciplinary, systematic and innovative prioritization framework 

considering uncertainty, multiple criteria, risks and their inherent interactions to prioritize patients’ access 

to health care services.  In this chapter, ANP technique is used to find relative importance weights of 

criteria and risks considering interactions and feedbacks. Then, by using the notion of a fuzzy soft set 

together with arithmetic operations on the fuzzy number, we apply the fuzzy soft set technology for 

patients’ prioritization.  
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The rest of the chapter is organized as follows. In the next section (preliminaries), basics of the Fuzzy 

soft set theory are explained briefly. Then the proposed framework is discussed. To illustrate the 

application and effectiveness of our proposed framework, a numerical example in surgery ward is 

illustrated. In order to demonstrate the robustness of the proposed method, sensitivity analysis under 

various criteria/risks-weight-change scenarios is performed and the results are discussed. Finally, the 

proposed framework is compared with some of the well-known MCDM methods in the comparison 

section to show its benefits and advantages. This chapter concludes with a summary of the chapter and 

a discussion on the major contribution of this framework. 
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4.2 Preliminaries  

 

4.2.1 Fuzzy soft set theory  

 

In this section, we give some known and useful definitions and notations regarding a soft set and a fuzzy 

soft set. The definitions and notions in this part may be found in references [86], [87], [88], [89], [90], 

[91]. Let U be an initial universal set and E be a set of parameters. The power set of U is denoted by 

P(U) and A is a subset of E.  

Definition 1: A pair (F, A) is called a soft set over U, where F is a mapping given by F: A→P (U) [86], 

[92]. 

Definition 2: A fuzzy subset µ of U is defined as a map from U to [0, 1]. The family of all fuzzy subsets 

of U is denoted by F (U). Let µ, ν ∈ F (U) and x ∈ U. Then the union and intersection of µ and ν are 

defined in the following way [93]: 

(µ ∨ ν) (x) = µ(x) ∨ ν(x), 

(µ ∧ ν) (x) = µ(x) ∧ ν(x), 

µ ≤ ν if and only if µ(x) ≤ ν(x) for all x ∈ U. 

Definition 3: Let U be a common universe, E be a set of parameters and A ⊆ E. Then a pair (F, A) is 

called a fuzzy soft set over U, where F is a mapping given by F: A→F (U) [88]. 

Definition 4: For two fuzzy soft sets (F, A) and (G, B) over a common universe U, we say that (F, A) 

is a fuzzy soft subset of (G, B) if: (i) A ⊆ B, (ii) F (a) ≤ G (a) for all a ∈ A. In this case, we write (F, A) ⊆ (G, B). 

Proposition: Let (F, A) and (G, B) be two fuzzy soft sets over a common universe U, [94] [95] Then: 

a) (F, A) ∪ (F, A) = (F, A),  

b) (F, A) ∩ (F, A) = (F, A),  

c) ��F, A� ∪ �G, B��7  = �F, A�7∩�G, B�7,  

d) ��F, A� ∩ �G, B��7 =�F, A�7∪�G, B�7, 

e) ��F, A� ∨ �G, B��7 = �F, A�7∧�G, B�7,  



•

•
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It is required to reduce a given fuzzy number into a single crisp representative value. This is called 

defuzzification operation. Then in the next step, we give the defuzzification method of a triangular fuzzy 

number as shown in Figure 8.The defuzzification value t of a triangular fuzzy number (l, m, u) is equal 

to [88]: 

 

 

+ = H + , + , + ;4                                                                                                                            �1� 

 

 

 

Figure 8 The TFN membership function [176]. 
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4.3 Proposed methodology  

 

In Figure 9 an algorithm of our proposed framework for patients’ prioritization using ANP and fuzzy 

arithmetic operations is presented. This approach focuses on uncertainty, risks, and interrelationship 

among criteria and risks in prioritizing patients’ access to health care services.  

Figure 9 Systematic algorithm of proposed prioritization framework. 

 

Assume that there is a set of m patients, P ={J!,J& ,J",. . .,JK}, set of n criteria C = {�!, �&, �", . . ., �L} 

(these criteria could be medical, social or other factors as explained in the previous chapter) related to 

a set of k risks  R = {M! , M&, M", . . . , M�}. We apply fuzzy soft set theory to distinguish which patient’s 

risks is high and is in priority to receive care and treatment considering uncertainty. For this, a fuzzy soft 

set (F, P) over C where F is a mapping F: P→F(C) is constructed. This fuzzy soft set gives a relation 

matrix PC, called patient-criteria matrix, where the entries are fuzzy numbers JE parameterized by a 

triplet (p – 1, p, p + 1). Then construct another fuzzy soft set (G, C) over R, where G is a mapping G: 
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Defuzzified PR matrix 

 

Sum all risks for each 
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Appropriate actions 
should be done by 
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C→F(R). This fuzzy soft set gives a relation matrix CR, called criteria-risk matrix, where each element 

denotes the impact of the criteria for a certain risk. These elements are also taken as triangular fuzzy 

numbers. Thus the general form of PC matrix is:  

            �!(NOP) �&�NOQ� …  … �L�NOR� 

PC =

STT
TU E!! E!& ⋯ ⋯ E!LE&! E&& ⋯ ⋯ ⋮⋮ ⋮ ⋯ ⋯ ⋮⋮ ⋮ ⋯ ⋯ ⋮EK! EK! ⋯ ⋯ EKLXYY

YZ
 

 

And the general form of CR matrix is:  

 

              M!�N[P� M&�N[Q�… … M�(N[R) 

CR =

�!�&⋮�L ST
TT
U�F!! �F!& ⋯ ⋯ �F!��F&! �F&& ⋯ ⋯ �F&�⋮ ⋮ ⋯ ⋯ ⋮⋮ ⋮ ⋯ ⋯ ⋮�FL! �FL& ⋯ ⋯ �FL�XY

YY
Z
 

 

Since some risks have a higher impact than others, it’s better to treat all risks uniquely. The risks that 

can cause the biggest losses should have the biggest importance weights. It is the same for criteria, 

each criterion has a relative importance weight comparing to other criteria. For finding each criterion’s 

importance weight (i.e. WC) and each risk’s importance weight (i.e. WR), medical experts should compare 

each risk to all other risks and also each criterion to all other criteria using a questionnaire which has 

been developed based on ANP method. The reason of using ANP technique in this framework is that 

ANP enables us to consider all possible interrelationships among these criteria and risks. Since in the 

previous chapter, the ANP technique has been explained, to prevent redundancy we won’t explain it 

repeatedly here. Now for each of k risk and n criterion we have weights, which indicates risk’s/criterion’s 

importance in comparison to others.  
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The numbers inside parenthesis in PC and CR matrices are weights obtained using ANP methodology. 

In PC and CR matrices each criterion and each risk’s weight should be multiplied in its related column 

to get the weighted PC and CR matrices which are shown by PC* and CR*. For instance, NOP (Weight 

of first criteria, C1) should be multiplied in first column of CP matrix. 

Now, after obtaining weighted PC (i.e. PC*) and weighted CR (i.e. CR*) matrices, the transformation 

operation PC*⊗CR* is performed, we get the Patient-Risk matrix (PR) as follows: 

 

                   M!        M&      …    …     M� 

�M =

J!J&⋮JK ST
TT
U \]!! \]!& ⋯ ⋯ \]!�\]&! \]&& ⋯ ⋯ \]&�⋮ ⋮ ⋯ ⋯ ⋮⋮ ⋮ ⋯ ⋯ ⋮\]K!  \̂K& ⋯ ⋯ \]K�XY

YY
Z
 

 

Where: 

 

\]�_ = `∑ `�% − 1b. ��%_L% ! − 1�,   ∑ �%. �%_L% ! , ∑ `�% + 1b . ��%_ + 1�L% ! b                         (2) 

 

Then, defuzzifying each element of the above matrix by equation (1), we get the defuzzified Patient-Risk 

(PR) matrix as below:  

 

                                     M!      M&      …   …     M� 

��@;cc'@'�\ �M=

J!J&⋮JK STT
TU d!! d!& … ⋯ d!�d&! d&& ⋯ ⋯ d&�⋮ ⋯ ⋯ ⋯ ⋮⋮ ⋯ ⋯ ⋯ ⋮dK! dK& ⋯ ⋯ dK�XYY

YZ
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Now to get the final prioritization, the summation of each row should be calculated �dK = ∑ dK%�% ! for 

example for the first patient  �d! = ∑ d!%�% ! . Then the final matrix sum (which is the result of 

summation) would be: 

 

�;, = J!J&⋮JK
f �d!�d&⋮�dK

g 

 

In this matrix �d! is the priority number of the first patient and �dK is the priority number of mth patient. 

Now we can rank patients based on their priority score. The patient with the largest overall priority 

number (or in other word with highest risks) should be the one selected for treatment first. This proposed 

framework can be applied in diverse fields for prioritizing patients on waiting lists to receive treatments. 

Fields such as organ transplant, surgery, cancer treatment or other critical care. In numerical example, 

application of proposed framework will be explained for prioritizing surgical patients. 

 

4.4 Numerical example  

 

In this section, to illustrate the proposed framework, a hypothetical numerical example is presented. 

Suppose that in a hospital’s surgery ward, there are four patients hJ!, J& , J", Jij in surgical waiting 

lists. Surgeons reached consensus (in a consensus group meeting) to consider three criteria hk!, k&, k"j to prioritize these patients. They also selected three risks of R1 (Risk of death), R2 (Risk 

of comorbidity), and R3 (Risk of infection) hM!, M&, M"j which may threaten patients’ health if patients’ 

treatment is delayed. We used ANP technique and medical experts’ opinion to obtain each criterion’s 

and each risk’s relative importance weights. Suppose that achieved weights for risks and criteria using 

ANP technique are as followings:   

 

Criteria’s Weights = {0.08, 0.68, 0.24},  

Risks’ Weights = {0.79, 0.15, 0.06}, 
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Suppose that surgeons assign following numbers to multiple criteria for each patient: 

 

F (J!) = {k!/3, k&/5, k"/6}, F (J&) = {k!/4, k&/7, k"/9}, F (J") = {k!/5, k&/8, k"/2},   

 F (Ji) = {k!/1, k&/3, k"/4},   

 

Then the fuzzy soft set (F, P) is a parameterized family of all fuzzy sets over C and gives a collection of 

an approximate description of the Patient-Criteria in the hospital. This fuzzy soft set (F, P) represents 

the relation matrix patient-criteria (PC) which is: 

       k!�0.79�   k&�0.15�   k"�0.06� 

PC =     J!J&J"Ji
f3F   4F   5F   1F         

5F        7F        8F        3F       
6F9F2F4Fg 

 

And the relation matrix of Criteria-Risk (CR) is obtained based on medical experts’ opinions which are 

as following: 

                    M!�0.79�M&�0.15� M"�0.06� 

CR =     �!�&�" p4F             2F          3F6F            5  q         7F9F            8F           1F            r 

 

Then, after assigning weights to relative columns in PC and CR matrices, and performing the 

transformation operation PC*⊗CR* is performed and we get the Patient-Risk matrix PR as: 

                 M!      M&     M" 

�M =

J!J&J"Ji
f27.1 s38.9 s30.4 s16.7 s

4.3 q 6.2 q4.7q2.7 q
 1.5 q2.1 q2.3 q0.9 q g 
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Where: 

27.1 s = �18.7, 27.1, 37), 4.3 q = �2.9, 4.3, 6), 1.5 q = �0.99, 1.5, 2.2),  

38.9 s = �28.8, 38.9, 50.6), 6.2 q = �4.5, 6.2, 8.3), 2.1 q = �1.49, 2.1, 2.9), 

30.4 s = �21.07, 30.4, 41.4), 4.7 q = �3.1, 4.7, 6.6), 2.3 q = �1.75, 2.3, 3.13), 

16.7s = �9.9, 16.7, 25.1), 2.7 q = �1.57, 2.7, 4.1), 0.9 q = �0.48, 0.92, 1.48), 

 

Above numbers are gained using equation (2). Now, after defuzzifying the above numbers using 

equation (1), the defuzzified PR will be as following: 

 

                                                                                     M!           M&          M" 

��@@;c'@'�\ �M =  J!J&J"Ji
f19.5 28.1 17.511.9 

 40.25  58.25  33.75 25.25  
 15.45 21.45 22.35 8.85 g 

After summation of each row what we obtain is summation of risks for each patient. The final matrix Sum 

is:  

 

→ �;, = J!J&J"Ji
f33.547.838.120.8g 

 

Considering the obtained priority scores in the Sum matrix, the second patient’s ( J&) situation is more 

risky than others and this patient should be the first priority for surgery. Other patients’ prioritization would 

be as following: J" > J! > Ji . 
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4.5 Robustness study   

 

The proposed framework is deemed robust if it obtains the same result under different (uncertain) 

operating conditions. Will the same patient be recommended for treatment if the criteria and risks’ 

weights vary? This analysis is important to validate model’s reliability. This is especially important for 

critical problems, where the margin of error could mean fewer life years saved for patients who are 

waiting. Figure 10 illustrates the sensitivity analysis results in multiple scenarios when the weight of the 

most important criterion (i.e. C2) and the most important risk (i.e. R1) varied by ±10% and ±20% of its 

original value. Scenarios 1 to 4 are related to criteria and scenarios 5 to 8 are related to risks. 

Figure 10 Sensitivity analysis under eight different scenarios. 

From the experiments, we can conclude that the proposed framework is robust under all eight scenarios, 

and the decision makers should be confident that patient 2 is the optimal choice, even though the derived 

criteria/risk’s importance weights may be imperfect, and the probability of choosing the wrong patient for 

treatment is therefore almost zero. 

 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8

P1 33,49286 33,77361 33,46575 34,06667 33,61555 33,40893 33,69772 33,27653

P2 47,82794 48,31378 47,78102 48,82093 48,01503 47,71225 48,13544 47,51824

P3 38,20063 37,41948 38,27606 36,60407 38,19253 38,04371 38,25171 37,94836

P4 20,86175 21,07635 20,84102 21,30037 20,94263 20,8127 20,9943 20,72945
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4.6 Comparison with other methods 

 

In order to show the advantages and contributions of the proposed framework, Table 5 is provided. 

This table compares the proposed integrated method with four well-known methods (namely: Analytic 

Hierarchy Process (AHP), Analytic Network Process (ANP), Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS) and Data Envelopment Analysis (DEA)) from different 

perspectives. We compare these approaches in terms of consideration of uncertainty, risks, multiple 

criteria, group decision making, assigning weights for each expert’s knowledge, assigning weights for 

each criterion, consideration of possible interrelationships among criteria/risks, easiness of 

prioritization procedure (simplicity), required time (in large numbers). 

 

Table 5 Comparison of the proposed framework with other well-known methods. 

 AHP ANP TOPSIS DEA 
Proposed 

method 

Consideration of Uncertainty ☐ ☐ ☐ ☐ ☒ 

Consideration of Risks ☐ ☐ ☐ ☐ ☒ 

Multiple Criteria ☒ ☒ ☒ ☒ ☒ 

Group Decision Making ☒ ☒ ☐ ☒ ☒ 

Assigning importance weights for 

each expert’s knowledge 

☒ ☒ ☐ ☐ ☒ 

Assigning importance weights for 

Criteria 

☒ ☒ ☒ ☒ ☒ 

Consider dependency among Criteria ☐ ☒ ☐ ☐ ☒ 

Easiness of prioritization procedure 

(simplicity) 

☒ ☐ ☒ ☐ ☒ 

Required more time (in large 

numbers) 

☒ ☒ ☒ ☒ ☐ 
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In brief, none of the mentioned methods considers the associated uncertainties in patients’ prioritization 

procedure except the proposed framework. Besides, in the proposed framework the authors involved 

the associated risks in the procedure as an important factor while this important issue has been 

overlooked in other methods. All of the methods including the proposed framework consider multiple 

criteria and we can assign importance weights for these criteria, but none of them except ANP and the 

proposed framework considers the relationships among criteria. This framework can consider group of 

decision makers’ opinion like other methods. From the time point of view, the required time for 

prioritizing patients in large scale in the proposed framework is less than others.  

This comparison has been done based on experts’ opinion, however, for more precise evaluations 

further studies in practice is required. This could be done by conducting clinical studies, involving 

clinicians in the procedure, and implementing each methodology in practice and comparing each of the 

mentioned aspects. 
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4.7 Chapter conclusion  

 

The proposed framework prioritizes a diverse mix of patients in waiting lists into an order of importance 

considering the following strengths and main features:  

1) The importance of each criterion and each risk is computed, considering group of medical experts’ 

opinions,  

2) Associated uncertainties are handled,  

3) Importance of each decision maker’s opinion has been considered by assigning weights to their 

knowledge and experience,  

4) Possible interrelationships among criteria and also among risks are considered, and  

5) Various risks that threaten patients’ safety have been considered as an important and distinguishing 

factor. 

This is an original and innovative framework and the above features, distinguish it from currently used 

methods. To exhibit the simplicity, and applicability of the proposed framework, in this chapter we 

provided an example of surgical patients’ prioritization. The proposed framework not only considers 

uncertainties and risks in determining patients’ priorities but also remains noticeably robust based on 

robustness study’s results. Finally, the proposed method is compared based on experts’ opinion with 

some of the well-known methods in the comparison section to show its main benefits.  

Although we believe that the proposed framework is efficient and effective, there are still some areas 

for more enhancements. Some of the shortcomings of this approach are its inability to consider 

incomplete and imprecise data (which is most common in health care systems), its inability to involve 

patients in the decision-making procedure, and its inability to handle the dynamic behavior of the 

system. In the next chapters, we will introduce solutions to these remaining limitations and we will 

discuss how these issues could be addressed in patients’ prioritization. 

 

 



 54  
 

 

 

Chapter 5.  Dynamic patients’ prioritization
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5.1 Foreword 

 

Health care systems are complex and dynamic. Patients are added to the system and their health conditions 

change while they are in the system until the moment they quit the system because of various reasons. Then, 

decision-making should be carried out on a periodic base to capture the system dynamics and eventually 

react to worsening of patients’ health condition during waiting for treatment. Current prioritization procedures 

are static (patients’ health condition are evaluated upon their addition to the list). However, waiting lists are 

dynamic (patients are added and removed from to list) and their condition evolves over time.  

In the second chapter, we have reviewed the scientific literature related to patients’ prioritization and we have 

identified the main drawbacks of current prioritization approaches. Based on those analysies, this chapter 

seeks to address most of the mentioned drawbacks in current prioritization systems by proposing a 

comprehensive dynamic risk-based framework for patients’ prioritization. In this chapter, we will propose a 

novel and integrated framework able to prioritize patients in complex dynamic systems, taking into account 

multiple decisional criteria, considering both medical staff and patients’ opinions, risks, uncertainties and 

incomplete information. 

The proposed framework encompasses a three-step decision system. The first step includes a multi-criteria 

decision-making tool to structure and define the patients and other stakeholders’ goals and objectives. In the 

second step, each patient is evaluated with respect to each criterion by a group of experts’ opinion and by 

involving patients to obtain an individual score. Individuals’ scores are treated together to produce an initial 

rank. The third step accounts for the dynamic evolution of patients, allowing to periodically update the rank 

of patients and provides a profile matrix to help decision-makers graphically trade off risks and delay in 

treatment. Through this proposed graphical matrix, while dealing with voluminous data, the proposed 

framework could be equipped to help clinicians make decisions in a more efficient and effective manner. The 

proposed framework for the patients’ prioritization as well as the tools elected to accomplish each of its steps 

is explained in in the followings.  
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5.2 Methodology 

 

In this section, the proposed framework is explained and the tools used in each of the steps are discussed 

and explained. The tools’ application will be thoroughly presented in the application part of the thesis.  

The first step establishes relative importance among the selected criteria and risks, structuring them 

according to the stakeholders’ objectives. In the proposed framework, a Fuzzy - multi-criteria decision-making 

technic (MCDM) is proposed to determine the weights of different criteria and risks [97] by considering several 

health professionals’ opinions. It should be noted that, in order to handle the associated uncertainties in 

mapping the decision maker’s qualitative and quantitative judgments, fuzzy logic is used to accept semantic 

evaluations or assessments. This process is done at the deployment of the system and, eventually, at large 

intervals in order to adjust the prioritization system to the institution evolution and changes (every 6 months 

or yearly). 

The second step focuses on patients’ assessments and is done at the arrival of the patient. The patient 

assessment is performed for every criterion and risk situation selected in step 1. It is worth mentioning that, 

although a surgeon often does patients’ assessments, our framework proposes a Group decision making 

approach (GDM) to integrate the evaluations of several experts on each criterion and risk in order to produce 

a patient’s score. Then, a Min-Max regret approach is used to produce a ranking of the patients. 

The third step deals with the dynamics and evolving aspects of the waiting list system. This step is frequently 

performed (once a week or every two weeks) according to the rate of addition and removal of patients to the 

list. It uses two dynamic factors, namely the Delay Ratio and Risk-criteria score, aimed at capturing the 

evolution of patients to update their position on the list if required. Last, a Risk-Delay matrix is used to visually 

support decision-making.  

 

5.2.1 Step 1. Identifying and formalizing the prioritization criteria and risks 

 

The identification and description of prioritization factors (criteria and risks) is one of the most important steps 

in the prioritization procedure. Among all the stakeholders (including surgeons and other medical staff, but 

also representatives of patients) semi-structured discussions should be held in order to identify related criteria 

and risks, gain a clear and shared understanding of their meaning and reach a consensus on the final 

selected criteria and risks to consider using group decision-making techniques, such as the Delphi technique, 
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TRIAGE approach, etc. Once a set of criteria and risks is agreed upon, their relative importance, as well as 

the potential interactions among them, need to be stated. To this end, the Analytic Hierarchy Process (AHP), 

an MCDM technic introduced by Saaty in 1971 [84], [82] is proposed because of its simplicity and easiness. 

However, other multi-criteria methods have been proposed for clinical decision-making processes (see [98]). 

The AHP decomposes the problem into a hierarchy, in which the overall decision objective lies at the top and 

the criteria, sub-criteria and decision alternatives are each at descending level of the hierarchy [81]. Decision 

makers compare each factor to all other factors using a pairwise comparison matrix to find its weight or 

relative importance. Nonetheless, Saaty's AHP has several drawbacks [99]. First, it doesn’t consider the 

uncertainty associated with the mapping of decision makers’ judgment to a number. Second, it often leads to 

imprecise rankings. Finally, it seems to be very sensitive to subjective judgments, especially to qualitative 

attributes. Hence, conventional AHP seems inadequate to consider ambiguities, which are often present in 

real life and particularly in the medical world [85]. In order to overcome the mentioned shortcomings of 

standard AHP, we propose to use fuzzy AHP allowing the use of linguistic terms to evaluate weights of 

criteria.  

Fuzzy set theory is considered as a suitable formalism to deal with subjective judgments and with the 

imprecision intrinsic to patients’ prioritization problems [85]. The purpose of using fuzzy process in our model 

is twofold: i) to account associated vagueness and uncertainty in the prioritization process ii) to make the 

rating process easier and less time-consuming for medical staff. Based on the authors’ experience, the 

easiest and more preferable way for medical staff and patients to rate the alternatives or compare different 

criteria is to use linguistic variables transforming crisp values into a discrete set of levels. Fuzzy linguistic 

variables for comparing the importance of prioritization criteria might be, for example, Equally Important (EI), 

Weakly Important (WI), Strong more Important (SI), Very strong more Important (VSI), and Absolutely strong 

more Important (ASI). Several approaches to transform linguistic variables into fuzzy numbers are available. 

Among them, triangular fuzzy numbers are likely to be the most popular [100] and therefore it will be adopted 

in this paper. At the end of this step, a weighted set of selected criteria, sub-criteria, and considered risks are 

available.  
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5.2.2 Step 2. Assessment and ranking of patients 

 

In this step new patients are evaluated and their condition is rated with respect to set of the criteria and risks 

elected in step 1. Since these criteria may concern other aspects that are not related to the patient’s medical 

status, the assessment will be performed not only by surgery team members but also by the patient himself. 

Indeed, recent studies show that health systems are quickly moving towards a patient-centered approach 

(PCC) in order to increase the quality of care in their organization [101]. A core objective for patient-centered 

care is a collaboration between health care providers and patients that adjust treatment with patients’ values 

and preferences through shared decision-making and patients’ involvement [102]. Moreover, Hansen et al. 

[103] and [104] emphasized the importance and need for involving patients and other stakeholders in the 

surgical patients’ prioritization process. Inspired by PCC, our patient-based prioritization framework involves 

patients in the rating task of the prioritization process. Indeed, criteria are separated into patient-specific 

criteria, common criteria, and surgery team-specific criteria. Patient-specific and surgery team-specific criteria 

correspond to aspects or knowledge for which the patient or the surgeons, respectively, are the best to judge. 

On the other hand, both the surgeons and the patient will rate common criteria. 

Importance weights that were established by the considered experts to each criterion need to be integrated 

to produce a single score or value. The use of information coming from different individuals, and also the 

uncertainty in their judgments (for example, a surgeon that, for the disease severity criterion, awards a value 

between 7 and 8 for a given patient) require the use of specific tools. To this end, Data envelopment analysis 

(DEA), originally developed by Charnes et al. [105] “for measuring the relative efficiencies of a group of 

decision-making units (DMUs) that use multiple inputs to make multiple outputs” [106] is used. Several DEA 

models having different orientations such as the Optimistic efficiency model (the best relative efficiency), the 

Pessimistic efficiency model (the worst relative efficiency), and the Geometric average efficiency model, have 

been proposed in the literature. In this framework, we will consider the so-called “Interval DEA model” which 

has been recently proposed by Chin et al. [106] for determining the risk priorities of failure modes in 

manufacturing industries. Based on Chin et al. [106], in this study we transformed incomplete assessment of 

a given expert (i.e. a rate between 7 and 8 for a given criterion) into an expectation interval that can be 

weighted by the relative importance of the expert’s opinion and then integrated it with other opinions and 

criteria to obtain a single score interval for each patient.  

Surgery team members evaluate risks in the same manner as criteria in order to produce a single, integrated 

risk measure for each patient. Then, both scores (risk and criteria) are aggregated into a final Risk-Criteria 
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score (RC). Since RC for each patient, i is expressed as an intervalMk� = v�w′′�y , �′′wwww�z{, an adequate method 

to rank RCs is required. To this end, the Min-Max regret approach (MRA) proposed by Wang et al. [107] is 

applied.  

 

5.2.3 Step 3. Dynamic prioritization  

 

The surgical waiting system is an environment that changes over time [108]. Patients are dynamic; they are 

added to the system and their health conditions change while they are in the system until the moment they 

are removed from it because of various reasons. The decision-making process should then be carried out on 

a periodic basis to capture the system dynamics and eventually react to the worsening of patients’ health 

condition while they are waiting for treatment. To the best of our knowledge, no previous study has considered 

the dynamic behavior of surgery prioritization systems, and this is the first time that this issue is introduced 

to model risks and delays in treatment. To this end, we propose to compute for each patient i a Risk-Criteria 

(RC) score and a Delay Ratio (DR), �M� = ��N�� |�$��⁄ , where ��N�� indicates the time that patient '~� spent on the waiting list up to date, and |�$�� denotes the Maximum Time Before Treatment (or the 

clinically recommended waiting time). Indeed, each health care system has pre-defined urgency related 

groups and the corresponding pre-set maximum time before treatment[49]. Note that ��N�� and |�$�� 
should both be expressed in the same units (days or weeks).  

Finally, the RC and DR are used to plot the position of each patient in a profile matrix (Figure 11). This matrix 

is divided into four priority regions and shows how each patient is ranked in terms of both his priority (RC) 

and the delay in receiving treatment (DR). Patients in the very high priority zone are preferable candidates 

for surgery. Consequently, further analysis should be done to schedule those patients as soon as possible. 

If the high risk is the main concern, patients who fall into the top part of the y-axis should be singled out and 

considered. If the high delay is the main concern, all patients who are closer to the right side of the matrix 

should be singled out and considered. As mentioned, patients' locations will evolve in time. In order to prevent 

the worsening of patients’ health condition on surgery waiting lists, we suggest confirming the patients’ health 

condition at regular intervals. The regular intervals’ duration could be defined in a consensus group meeting 

among clinicians. In this study, we suggest monitoring the patients’ health condition at regular intervals of 15 

days in order to take appropriate actions.  
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Figure 11 Proposed RC-DR profile matrix. 
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5.3 Chapter conclusion 

 

This chapter presented an innovative integrated three-step decisional framework in an attempt to overcome 

mentioned shortcomings in the literature review. The proposed framework integrates into its first step Fuzzy 

Logic, AHP to formalize stakeholders’ goals and objectives. In the second step, evaluations on each patient’s 

condition are integrated by interval DEA and compared among them by MRA to obtain a primary prioritization 

of patients. The third step uses Delay Ratio, Risk-Criteria score, and Profile Matrix to introduce dynamic 

aspects related to the evolution of patients’ condition and changes in the patient’s list into the prioritization 

process. This three-step framework considers not only medical experts’ opinions but also patient’s opinions 

in the decision making process.  

Indeed, in the lights of the proposed framework, decision makers can:  

1) evaluate patients’ priority more accurately and easily, and determine policies/guidelines for patients’ 

prioritization and scheduling,  

2) manage waiting lists properly, and decrease the time required for patients’ prioritization  

3) increase equity and justice, and  

4) most importantly diminish risks that could threaten patients during waiting time for treatment and ensure 

patients’ safety.  

This framework has been implemented in the Orthopedic Surgery Ward, Shohada University Hospital which 

will be explained in the next part of the thesis. 
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Part 3. Application 
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Chapter 6. Application in Orthopedic Surgery ward 
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6.1 Foreword 

 

This chapter presents a real case observed at Shohada University Hospital, in East Azerbaijan, Iran. It 

explains in details how the proposed framework in Chapter 5 was applied to the orthopedic surgery 

department of Shohada University Hospital. Shohada University Hospital is an “A” class hospital. “A” hospitals 

are general hospitals having teaching facilities for medical students. They provide post-graduation 

certification in one or more specialties and are, in most of the cases, very large health care organizations 

[109].  Shohada University Hospital is a referral hospital for orthopedic patients in North West of Iran. It has 

250 beds, and 5 major wards. Approximately 220 beds are allocated for orthopedic patients and the remaining 

beds are for neurosurgery and other fields such as general surgery, and there is a rehabilitation ward with 7 

beds and an outpatient unit for physiotherapy. There is an ICU ward with 12 beds and 11 operating rooms 

(OR) in the main OR block and two others in the emergency unit as well. Every month, between 1000 and 

1200 major operations are performed at the main OR, and between 1500 and 2000, surgeries are done at 

the emergency unit. The orthopedic department’s medical experts include 21 orthopedic surgeons, 3 

neurosurgeons, and 6 anesthesiologists. Besides, around 600 other people provided supportive and 

technical tasks at the hospital.  
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6.2 Step 1. Identifying and formalizing the prioritization criteria and risks 

 

We conducted a “TRIAGE” (Technique for Research of Information by Animation of a Group of Experts) 

activity to identify and validate all of the relevant criteria and risks to define the decision hierarchy [110] [111]. 

TRIAGE approach will be explained thoroughly in chapter seven that is an application of the framework in a 

rehabilitation hospital. A TRIAGE exercise with the Orthopedic Surgery team members led to a list containing 

eight criteria, six sub-criteria and four risks that they considered as relevant in an orthopedic surgery 

prioritization system. In the TRIAGE consensus meeting, a group of clinicians selected criteria, risks, type of 

rating, and the individuals who will be appropriate to rate them.  

The selected criteria and sub-criteria (in italic font), risks, its related dimensions, type of rating and scale for 

rating, and finally, the individuals who will rate them are all given in Table 6. (In this chapter, the Orthopedic 

Surgery team members will be noted by “ST”). 
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Table 6 Selected criteria, sub-criteria, and risks for orthopedic surgery prioritization system.  

  Dimension Type of Ratings Rate / 

Scale 

Who’ll 

rate? 

C1 Disease severity CFI* 
 

C11 Pain Percentage/Exact rate 1 to 9 Patient 

C12 Difficulty in doing activities Percentage/Exact rate 1 to 9 Both 

C2 Age of patient Social Percentage/Exact rate 1 to 9 Patient 

C3 Responsibility of caring someone 

else 

Social Percentage/Exact rate 1 to 9 ST 

C4 Effectiveness of surgery Expected 

benefit 

 

C41 Becoming independent Binary 0 or 1 ST 

C42 Probability, degree of improvement  Percentage/Exact rate 1 to 9 ST 

C5 Social status of patient Social Percentage/Exact rate 1 to 9 Patient 

C6 Present comorbidity CFI* Percentage/Exact rate 1 to 9 ST 

C7 Interest to surgery Social 
 

C71 Interest of surgeon Percentage/Exact rate 1 to 9 ST 

C72 Interest of patient Percentage/Exact rate 1 to 9 Patient 

C8 Having previous complicated 

surgery or revision surgery 

CFI* Binary 0 or 1 ST 

R1 Risk of death Risks Percentage/Exact rate 1 to 9 ST 

R2 Risk of worsening severity Percentage/Exact rate 1 to 9 ST 

R3 Risk of reduction on the surgery’s 

effectiveness 

Percentage/Exact rate 1 to 9 ST 

R4 Risk of complications, comorbidity, 

affecting adjacent organs or spread 

of the disease 

Percentage/Exact rate 1 to 9 ST 

*CFI = Clinical/ functional impairment 

The resulting decision hierarchy for orthopedic surgery patients’ prioritization is illustrated in Figure 12. 



67 

 

  

Figure 12 Hierarchy of orthopedic surgery prioritization system. 

 

To determine the relative importance of the different criteria, sub-criteria, and risks, we sent an electronic 

questionnaire (formatted by AHP method) to each member of the ST. This questionnaire asked each 

individual to use the linguistic variables (Equally Important, Weakly Important, Strong more Important, Very 

strong more Important, and Absolutely more Important) to rate the relative contribution of each criterion and 

risk to the goal (set the priority of a patient), with respect to the others.  

Then, linguistic variables were translated into triangular fuzzy numbers – defined by triplet including a 

minimum, a maximum and a mode value – using the scale proposed in [100] and [112]. Hence, each 

evaluator produced a judgment matrix Ã where each element ãij express, in terms of triangular fuzzy numbers, 

the relative importance of criterion i compared to criterion j. After collecting the fuzzy judgment matrix from 

all the members, the fuzzy geometric mean method proposed by Buckley [113], [114] was used to aggregate 

these matrices taking into account the relative importance of each medical professional’s opinion. Finally, 

fuzzy numbers were “defuzzified” using Chang’s method [115], and the resulting weights for criteria and risks 

normalized. The normalized weights for criteria and risks were calculated and shown in Table 7. Note that 

these weights remain fixed until one criterion/risk is added or removed. 
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Table 7 Normalized weights of each criterion and risk.  

Criteria/Risk 
Normalized 

weights 
Sub-Criteria weights 

C1 0.17 C11 = 0.63 , C12= 0.37 

C2 0.082 - 

C3 0.097 - 

C4 0.16 C41=0.63 , C42=0.37 

C5 0.109 - 

C6 0.134 - 

C7 0.103 C71=0.53 , C72=0.47 

C8 0.145 - 

R1 0.487 - 

R2 0.155 - 

R3 0.139 - 

R4 0.219 - 

 

 

6.3 Step 2. Assessment and ranking of patients 

 

After establishing the weights of criteria, sub-criteria and risks using the Fuzzy AHP method, a meeting with 

the same ST surgeons were organized to split all the selected criteria and sub-criteria into the three groups 

of Patient-specific, Surgery team-specific, and Common criteria. Figure 13 shows the resulting classification.  

ST randomly chose six patients (P1 to P6) waiting for orthopedic surgery and presenting different profiles 

and health conditions and applied the proposed framework to prioritize them.  

The first patient was a two years old girl with a diagnosis of bilateral DDH (hip dislocation). She needed open 

surgery in two stages (this surgery can be done up to age 4). The second patient was a five years old boy 

with a diagnosis of unilateral DDH (hip dislocation). He needed open surgery and upper age limit for this type 

of surgery is 6 years. The third patient was a 75 years old man with a diagnosis of severe osteoarthritis of 

the hip joint. He needed total joint replacement. He had a history of diabetes mellitus and angiography for 
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(30%-50%) rate means that the criterion is evaluated as 7 at 30% confidence, and as 8 at 50% confidence. 

It was agreed with ST that, in the case of common criteria, weights of 0.3 and 0.7 would be given to patients 

and ST’s ratings, respectively. Binary numbers (0 and 1) were converted to 1 and 9 respectively. Concerning 

probabilistic rates, we used Dempster–Shafer’ theory of evidence [116] to transform them into “expectation 

intervals” defined by lower (L) and upper (U) values.  

Thus, we define ( �J�%���� = vJ�%�y , J�%�z {  as the expectation interval provided by evaluator K to criterion j 

and patient i. When several experts provide ratings, they should be synthesized into group ratings. To this 

end, let us assume that �� �� = 1, … , �� are the relative importance weights of the opinions of ST’s 

members and patients, satisfying �� > 0 and∑ ���� ! = 1, and let ( �J�%���� = vJ�%�y , J�%�z {  be the 

expectation intervals provided by K evaluators to criterion j and patient i. Then, we computevJ�%y , J�%z{, the 

interval ratings of patient i for criterion j as the weighted sum of individual expectation intervals of patient and 

surgery team members as follows: 

 

vJ�%y , J�%z{ = ∑ ��( �J�%������ ! , ' = 1, … , �; � = 1, … , ,.                                                                        (3) 
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Table 8 Patients’ assessment by ST and patient.  

 Criteria / 
Risk  

P1 P2 P3 P4 P5 P6 

C11 
  

ST  -  - -  -  -  -  
P 5  1-2 (20%-80%) 8-9 (50%-50%)  7-8 (40%-60%)   1  1-2 (50%-50%) 

C12 
  

ST 1-2 (20%-80%)  7-8 (60%-40%)  8-9 (40%-60%)  9 1-2 (20%-80%) 9 
P  1 (30%)  7-8 (50%-50%)  8-9 (50%-50%)  8-9 (40%-60%)  3 9  

C2 
  

ST  -  -  -  - -  -  
P  1 1   8 4  3   1 

C3 
  

ST  -  -  - -  -  -  
P  No  No No No No No 

C41 
  

ST  No  Yes  Yes  Yes Yes Yes  
P  -  -  - -  -  -  

C42 
  

ST 7-8 (40%-60%)   6-7 (60%-40%)  7-8 (50%-50%) 7-8 (50%-50%) 7-8 (40%-60%)   3-4 (40%-60%) 
P  -  -  - -  -  -  

C5 
  

ST  -  - -   - -  -  
P  3  3 2 (30%)  2-3 (50%-50%)   8-9 (50%-50%)   1-2 (50%-50%) 

C6 
  

ST  1 1   6-7 (50%-50%)  6-7 (50%-50%)  1 5-6 (50%-50%)  
P  -  - - - - - 

C71 
  

ST -   -  -  - -  -  
P  8-9 (50%-50%)     7-8 (50%-50%)      7-8 (50%-50%)      7-8 (50%-50%)      8-9 (50%-50%)      6-7 (50%-

50%)    
C72 

  
ST  7-8 (50%-50%) 5-6 (50%-50%)   6-7 (50%-50%) 5-6 (50%-50%)    7-8 (50%-50%)  4-5 (50%-50%)   
P -   -  -  -  -  - 

C8 
  

ST No   No  No  No No  No  
P  -  -  -  -  -  - 

R1 ST  1  1-2 (50%-50%)  7-8 (50%-50%) 5-6 (50%-50%)    1   1 
R2 ST  2-3 (50%-50%)  6-7 (50%-50%) 3-4 (50%-50%)  3-4 (50%-50%)    1-2 (50%-50%)     1-2 (50%-50%)    
R3 ST  3-4 (50%-50%)  6-7 (50%-50%) 5-6 (50%-50%)  3-4 (50%-50%)     1-2 (50%-50%)     2-3 (50%-50%)    
R4 ST 1   3-4 (50%-50%) 2-3 (50%-50%)  2-3 (50%-50%)     1-2 (50%-50%)     1-2 (50%-50%)    
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Then, criteria’s weights were multiplied by the group ratings to obtain the additive priority score by: 

 

���y , ��z� =  v∑ )%J�%yK% ! , ∑ )%J�%zK% ! { , ' = 1, … , �  (4) 

 

The interval DEA model [91] was then used to compute maximum and minimum priority additive scores, ����K���y , ���K���z� by solving the following liner programming (LP) models (5)-(6) and (7)-(8): 

 

����K���y , ���K���z� =  |�','c� ���y , ��z� (5) 

Subject to � ���y , ��z� ≤ 1                        ' = 1, … , �)% − 9)� ≤ 0      ∀�, � = 1, … , ,; � ≠ � 
(6) 

v���K�L�y , ���K�L�z{ =  |'�','c� ���y , ��z� (7) 

Subject to � ���y , ��z� ≥ 1                        ' = 1, … , �)% − 9)� ≤ 0      ∀�, � = 1, … , ,; � ≠ � 
(8) 

 

In this case, the geometric average criteria score can be established by interval arithmetic [106], [117] as: 

 

k�'+��'� = ��w�y , �w�z� =  �����K���y . `��K�Lby , ����K���z. `��K�Lbz�,   
 ' = 1, … , � 

(9) 

 

Similarly, the risk score M'��� would be:  

M'��� = ���� �y , ��� �z� = ������K���y . `���K�Lby , �����K���z. `���K�Lbz� ,
' = 1, … , � 

(10) 
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and both are then aggregated to form the Risk-Criteria score (RC) by: 

 

Mk� =  M'��� + k�'+��'� = v�w′�y + �w�y , �′� �z + �w�z{ = v�w′′�y , �′′wwww�z{      (11) 

 

Table 9 reports the maximum and minimum priority additive criteria (lines C) and risk (lines R) as well as the 

geometric average priority score of the six patients. Columns RC and Rank provide the aggregated Risk-

Criteria interval and the final rank for each patient, respectively.  

 

Table 9 Patients’ RC geometric average and their initial ranking.  

  Maximum Minimum 
Geometric 

Average 
RC Rank 

 Patient   Lower Upper Lower Upper Lower Upper Lower Upper   

P1 C 0.866 0.866 1.000 1.000 0.930 0.930 1,632 1,632 4  

R 0.493 0.493 1.000 1.000 0.702 0.702 

P2 C 0.850 0.850 1.293 1.293 1.048 1.048 2,387 2,387 3 

R 0.999 0.999 1.795 1.795 1.339 1.339 

P3 C 0.986 0.961 1.183 1.262 1.080 1.101 2,654 2,674 1 

R 1.000 1.000 2.476 2.476 1.573 1.573 

P4 C 0.972 0.972 1.203 1.203 1.081 1.081 2,482 2,482 2 

R 0.878 0.878 2.233 2.233 1.401 1.401 

P5 C 0.984 0.984 1.000 1.000 0.992 0.992 1,620 1,620 5 

R 0.394 0.394 1.000 1.000 0.628 0.628 

P6 C 0.868 0.868 1.000 1.000 0.932 0.932 1,580 1,580 6 

R 0.415 0.415 1.014 1.014 0.649 0.649 

 

RC intervals are ranked by using the Min-Max regret approach (MRA). We adapted the method proposed by 

Wang et al.’s [107] to rank the geometric average priority scores in the following way. Let ;� =  �;�y , ;�z�, 
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Table 10 Waiting information and delay ratio for each of the orthopedic surgical patients 

 

 

 

 

 

 

 

 

Finally, Figure 14 illustrates the resulting Profile Matrix. It shows how patients should be grouped and 

classified.  

 

Figure 14 RC-DR Profile Matrix for six orthopedic surgical patients. 

 

Figure 14 shows that P5 almost falls into the very high priority zone because of the high delay in treatment 

of this patient. If this patient had a higher RC score than other patients, he could be identified as a preferable 

candidate for surgery. If a high RC score is the decision maker’s main concern, all patients should be singled 
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out and be considered, and patients with a higher risk should have higher priority. In this case, the priority 

order would be: P3 > P4 > P2 > P1> P5 > P6. If the delay in surgery is the main concern, patients with a 

higher delay ratio should have higher priority. Then, patients who fall to the right side of the x-axis would have 

the priority. In this case the priority order would be; P5 > P2 > P4 = P1> P6 > P3. The use of the RC-DR 

profile matrix can be very useful tool for evaluating patients’ priorities.  

In order to illustrate the dynamic behavior of the proposed profile-matrix, we reassessed orthopedic surgical 

patients’ conditions after two weeks, by updating the related data in Table 10. The updated profile matrix is 

shown in Figure 15.   

 

 

After updating, P5’s location has changed. Consequently, his priority zone has changed from “High priority” 

to “Very High priority” due to his delay in receiving treatment. Therefore, P5 and the patient having the highest 

RC score (P3) should be considered as the most urgent candidates for orthopedic surgery and further actions 

should be taken. Please note that only the delay ratio has been updated for the purpose of this study. 

However, in critical cases (such as chronic disease) it is recommended to update the RC score as well. 
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Figure 15 Updated RC-DR Profile Matrix for six orthopedic surgical patients after 15 days. 
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6.5 Comparison 

 

The current prioritization system used by the Orthopedic Surgery ward, at Shohada University Hospital, is 

based on a first come first serve (FIFS) rule, with the exception of urgent patients. An electronic survey was 

conducted in November 2015 with the aim of comparing the decision framework proposed in this paper to 

the current prioritization method at Shohada University Hospital. To this end, the same three surgery teams 

who prioritized their patients using the 3-step prioritization framework were asked to fill out a questionnaire. 

The questionnaire required participants to compare both prioritization approaches in terms of prioritization 

time, ease of prioritization procedure (simplicity), exactness and accuracy of the method (reliability), 

consideration of fairness and equity issues (objectivity), benefit to patients and to the hospital, contribution to 

improve quality of care, comprehensiveness, contributions to improve patients’ scheduling, considering 

associated risks, decreasing mortality and injury rate, ability to consider the emergency condition of patients, 

group decision making, patient-centered decision making, and total effectiveness. A Fuzzy AHP approach 

was used to establish the relationships and relative importance among these factors. They were asked to 

compare the current prioritization system with our proposed framework based on their perceptions. Table 11 

reports the results of this comparison. The second and third columns report the score obtained by each 

method with respect to the selected factor, while the last column (Improvement) computes the gap between 

the new framework’s and the current method’s score.  

Table 11 shows that, according to the respondents’ opinions, the new framework improves the current one 

in all the evaluation aspects. Note that due to the limited data, and time shortage, surgery teams weren’t able 

to compare the methods’ performance with respect to criteria “quality of care” and “injury and mortality rate”. 

These two aspects are shown by “NA” in the table. Nonetheless, this table proves the potential of the new 

framework and its credibility. It also quantifies the surgeon’s preference for the new framework, which 

obtained scores that were 18% to 40% better than the current method. 
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Table 11 Comparison table of currently used method and proposed framework. 

 Current 

method 

New 

framework 

Improvement 

Prioritization time 67% 33% + 34% 

Easiness of prioritization procedure (simplicity) 41% 59% + 18% 

Exactness and accuracy (reliability) 33% 67% + 34% 

Equity and justice (objectivity) 40% 60% + 20% 

Benefit to patients and hospital 40% 60% + 20% 

Improving quality of care NA NA NA 

Improving Patients’ Scheduling 40% 60% + 20% 

Comprehensiveness 30% 70% + 40% 

Considering associated risks 33% 67% + 34% 

Considering emergency condition of patients 36% 64% + 28% 

Decreasing patients’ injuries and mortality rate  NA NA NA 

Patient-centered 30% 70% + 40% 

Effectiveness 40% 60% + 20% 
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6.6 Chapter conclusion 

 

As mentioned in the second chapter, current prioritization systems suffer from several shortcomings and 

weaknesses in assessing the relative priority of patients, which lead to long waiting times, inequality in access 

to health services, the dissatisfaction of both patients and clinicians, and more importantly, high mortality and 

injury rates, etc. In the previous chapters we presented different tools to deal with some of these 

shortcomings, and in Chapter 5 we proposed a novel, comprehensive and integrated risk-based framework 

(encompassing Fuzzy logic, Multi Criteria Decision Making, Data Envelopment Analysis, and Min-Max Regret 

Approach) to overcome most of the main shortcomings in current prioritization tools.  

The proposed framework took into account different important aspects including the dynamic nature of the 

waiting system (changes in the patients’ health condition, the arrival of new patients, etc.) to support dynamic 

decisions. Such a kind of approach has never been reported in the literature on patients’ prioritization.  This 

chapter discussed the proposed framework’s implementation in a real case study in an “A” class hospital 

named Shohada University Hospital (a referral hospital for orthopedic patients in North West of Iran). By 

conducting small scale test very promising results have been achieved. In particular, orthopedic surgery team 

members that participated in the study concluded that the method is able to produce precise and reliable 

prioritization, involve patients and increase patients’ safety, and it is more effective than their currently used 

prioritization approach. 

 However, we obtained promising results in our study, the next research steps could consist of (i) performing 

extensive experiments on a variety of contexts to assess the performance of the developed tool, and (ii) 

developing a user-friendly software based on the proposed tool in order to facilitate its implementation in 

medical centers. 
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Chapter 7. Application in Rehabilitation center 
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7.1 Foreword 

 

In the previous chapter, we explained how the proposed framework in this study had been implemented in 

real practice (in a situation which high risks are involved like surgery ward) for prioritizing orthopedic surgical 

patients. In this chapter, we will focus on low-risk situations and will explain how the proposed framework in 

this study had been implemented in real practice in a rehabilitation center for prioritizing patients with 

communication disabilities.  

Access to rehabilitation services is often based on a “First Come First Serve” policy. While decision makers 

in rehabilitation centers need to be supported by a system which is able to cope with different referrals’ needs 

and preferences and to be able to ensure that referrals’ individual needs are prioritized appropriately. The 

literature on prioritization of referrals and management of wait lists for community-based rehabilitation 

settings is scarce and currently used approaches in rehabilitation centers are neither equitable nor efficient. 

This chapter of the thesis firstly explains augmentative and alternative communication (AAC) program’s 

needs, services, and challenges. Then, it illustrates how we applied our proposed structured approach to 

involve different stakeholders (including patients, clinicians, managers, etc.) in the procedure, and to identify 

and validate criteria for prioritization of AAC needs and services in the AAC clinical program at the CIUSSS-

CN/IRDPQ rehabilitation hospital in Québec, Canada. Then, it focuses on how we defined importance 

weights for those selected criteria. Finally, based on these results, Augmentative and Alternative 

Communication Services Prioritization Aid (AAC-SPA) has been developed. The results of this chapter could 

facilitate the prioritization procedures in AAC programs. Next steps include pilot testing of the developed 

AAC-SPA, as well as implementing developed prioritization framework (in chapter 5) in this clinical setting to 

enrich it.   This chapter concludes with a summary of the chapter and a discussion on the results.  
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7.2 Augmentative and alternative communication (AAC) and challenges 

 

Augmentative and alternative communication (AAC) includes all forms of communication that are used to 

express thoughts, needs, wants, and ideas [118].. Special augmentative assistive technologies are available 

to help referrals with AAC needs express themselves and increase social interaction, school performance, 

and feelings of self-worth [118], [119]. Patients in most of the countries (including the United States and 

Canada) continue to wait too long to receive medically necessary treatment. Waiting times’ situation not only 

have not been improved during years till 2016, but also they have gotten worse [2]. While Early access to 

rehabilitation improves patient outcomes [120] . 

One of the main reasons for long waiting times is an imbalance between demand and availability of scarce 

resources in rehabilitation organizations [121], [122] and [123]. Clinicians can’t treat all patients 

simultaneously because of their time shortage and limited resources, then they prioritize them based on their 

importance in order to define who should have access to the services first. Prioritizing referrals on waiting 

lists (mostly based on a first come, first served policy) is common practice in rehabilitation and in community 

occupational therapy [124], [122] , [125] . [126] and [127]. 

Prioritizing patients correctly is critical, since referrals may wait for months or even years for services [128], 

[129]. For instance, according to recent reports, [130] referrals with disabilities in Québec have to wait a long 

time to obtain rehabilitation services. Some of them have been on waiting lists for more than a year although 

they were supposed to receive services within 12 months [130]. These long wait times may have long-term 

consequences. For example, delaying occupational therapy services can compromise the client’s safety, 

health and community participation [131] , and can lead to hospitalization or premature institutionalization 

[129].  

Access to AAC services is often based on a “first come, first served” policy. This is the case, for example, in 

the AAC program at CIUSSS-CN/IRDPQ in Québec, Canada. This approach is neither equitable nor efficient 

because there are substantial differences in referrals’ clinical, social, and psychological needs. The first come 

first served prioritization tool used in the AAC programs is inadequate because it cannot discriminate between 

different types of referrals. Meanwhile, the need for an efficient prioritization system is higher than ever due 

to the lack of professionals available to treat the growing number of referrals, making timely access to 

community-based rehabilitation increasingly difficult to ensure. Using prioritization, healthcare decision 

makers can ensure that individuals who need an intervention will receive timely care and the risk of injury 
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and health deterioration will be reduced [132], [133] and [134] . In addition, they can be confident that there 

will be equity of access to services for all individuals [132], [14]. Finally, prioritization can improve the 

transparency of waiting list management [6] and efficiency of health care [132].   

The literature on the prioritization of individuals and waiting list management for community-based 

rehabilitation services is scarce [110], [135]. But, still some tools for community occupational therapy have 

been developed to assist clinicians in this referral prioritization process [136], [124], [137], and [125]. These 

tools usually consist of three or four priority levels with a short description of patient characteristics 

corresponding to each level, as ‘Priority 1: Clients who are most at risk and require an urgent assessment’ 

[137] and some tools assign a target wait time for each priority level. 

Despite all these efforts, these tools validity and/or reliability are less than optimal [136], [124], [137] and 

some important issues are overlooked in current tools in both rehabilitation and other medical domains and 

these systems need to be improved. Some of the major challenges involve (a) confronting tradeoffs between 

multiple; often conflicting factors; (b) considering groups of clinicians’ opinions in the decision making 

procedure; (c) involving patients and their families in the decisions; (d) considering the risks faced by patients 

on waiting lists; (e) defining the importance of those risks and criteria, and interdependencies between them; 

(f) handling uncertainties in clinicians’ decisions and incomplete/imprecise data in the patient prioritization 

procedure; and (g) considering the dynamic nature of the healthcare system. 

Clinicians in rehabilitation centers should be supported by a prioritization system that can cope with different 

needs and individual preferences and ensure that needs are prioritized correctly. While, the scientific 

literature leaves them with some degree of confusion about which precise criteria should be used to prioritize 

AAC needs and services, and what are the importance of these criteria. Lack of clear guidelines and 

prioritization tools could lead to the inappropriate prioritization of referrals by clinicians due to different 

influential factors like political pressures, the clinicians’ values and biases, or resource constraints [138]. 

Moreover, clinicians are not always aware of all the aspects that influence their decision about a referral’s 

priority level [139]. The subjective nature of this decision can pose a threat to equity in access to care [122] 

and safety of the referrals. 

Therefore, in this study, a structured approach was applied to identify and validate criteria for prioritizing AAC 

needs and services based on a case study at an AAC program at the CIUSSS-CN/IRDPQ rehabilitation 

center (i.e. PACEC). Then, the importance weights of these criteria to prioritize individuals were defined, and 
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finally AAC-SPA prioritization aid were developed. This prioritization is necessary to meet the needs of 

referrals and other stakeholders simultaneously and thus impact on both the rehabilitation community and 

the public's faith in justice and equity. To achieve this aim, in this study we involved different stakeholders 

including referrals using AAC services in the procedure. 

7.3 Methodology 
 

The case chosen for this study was a specialized AAC assistive technology prescription program located at 

the CIUSSS-CN/IRDPQ, a rehabilitation center serving the eastern part of the province of Québec, Canada. 

The population served by the CIUSSS-CN/IRDPQ makes up 22.4% of the provincial population [140]. 

Between 2009 and 2015, this AAC assistive technology program served an average of 875 referrals with 

various disabilities each year. The majority (70%) were adults and seniors. A structured approach was applied 

to determine the criteria and their importance weights whereby one individual is given preference over 

another (Figure 16). The study took place between December 2014 and June 2015. Ethical approval for the 

study was obtained from the Research Ethics Board of the Institut de réadaptation en déficience physique 

de Québec (CIUSSS-CN/IRDPQ).  

 

 

Figure 16 Flow chart of phases in the study.  
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7.3.1 Phase 1. Identification and selection of main criteria 

 

To select the main criteria for prioritization, we first used the Technique for Research of Information by 

Animation of a Group of Experts (TRIAGE) technique [110], [111] and [141]. TRIAGE is a two-step consensus 

technique that uses experts to make a consensual choice between a variety of items. Phase 1 consists of 

individual data collection using various techniques (literature review, individual questionnaire, interviews) to 

create a core set of items. Then, in phase 2, the set of items is submitted to experts at an in-person meeting. 

Following a structured discussion process (described below), the experts select a given number of items. 

Various consensus techniques exist, such as the Delphi survey, the Nominal Group technique, and 

consensus conferences, [142] but they typically do not focus on the group discussions and dialogue needed 

to resolve program members’ differing views [111] . The TRIAGE [110], [111]  is a consensus technique that 

has been successfully used in other contexts (including AAC) to help team members reach consensus about 

important dimensions to evaluate [141], [111], [143]. 

In our study, the program team members and selected referrals all agreed to participate in phase 1. There 

were seven team members including three experts with occupational therapy backgrounds, two speech 

therapists, one program evaluator, and one program manager. We decided to focus on the team members 

working in the program and other important stakeholders, including referrals using AAC (excluding 

policymakers), in order to consider the perspectives of most of the key stakeholders. We decided to involve 

referrals using AAC in our study since evidences show that patients’ involving lead to improvement of the 

quality of decisions  [144]. 

 

7.3.1.1 Individual data collection 

 

To identify potential criteria for prioritizing referrals with AAC needs, we first conducted a review in December 

2014. We searched CINAHL, PubMed, EMBASE and Web of Science databases using the search terms 

“Augmentative alternative communication”, “assistive device”, “prior*”, “score”, “scoring”, “rank”, “classif*”, 

“criteria”, “factor”, “preference*” for papers published in English between January 1990 and December 2014. 
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Reference lists of pertinent papers were also searched. However, we were unable to locate any article 

proposing criteria for prioritizing AAC needs and services. 

Next, the data collection process to obtain an agreement between AAC program members was initiated to 

identify potential criteria. We considered perspectives of clinicians, managers, and randomly selected 

referrals with AAC needs and their family members/caregivers (Figure 17). These data concerning possible 

criteria for prioritizing referrals were collected through (i) interviews with referrals, (Appendix 1) (ii) interviews 

with referrals’ family members and/or caregivers, (Appendix 1) (iii) interviews with clinicians (Appendix 2), 

and electronic questionnaire distributed to clinicians specializing in the AAC program located at the authors’ 

institution, (Appendix 3) and (iv) electronic questionnaire distributed to the AAC program manager and other 

program stakeholders (Appendix 3).  The interview structure and questionnaires have been discussed in a 

group consensus meeting among experts before establishment.  A detailed procedure for interviews is 

defined in the protocol and can be obtained (from SAR) upon request. 

 

Figure 17 Data collection sources. 
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Criteria proposed by referrals and family members/caregivers  

Three months before the TRIAGE group session, interviews with referrals using AAC and their family 

members/caregivers were conducted (by a Ph.D. student and a research coordinator) to enquire about their 

views with respect to prioritizing access to the AAC program. They were also asked to provide 

sociodemographic information during the interviews. Interviews lasted about an hour, and referrals and family 

members/caregivers responded to open-ended and multiple-choice questions. The first and second sections 

of the interviews involved questions concerning their diagnosis and experiences on waiting lists. In the third 

section, questions related to their satisfaction, perceptions, and the difficulties and risks they faced due to 

waiting for a long time. Finally, in the fourth section of the interview, they were asked about their expectations 

concerning the prioritization system, their proposed criteria and the importance of their proposed criteria for 

prioritization (Appendix 1). All of the interviews were audiotaped. 

 

Criteria proposed by clinicians, managers, and other stakeholders  

Four weeks before the TRIAGE group session, the program team members (including clinicians, managers, 

and other stakeholders) received an electronic questionnaire (in Microsoft Word). They had two weeks to 

complete it. In this questionnaire, team members were invited to propose criteria that should be considered 

for prioritizing referrals with communication disorders. The questionnaire contained three open-ended 

questions (Table 12). Participants were also asked to provide sociodemographic information (Appendix 2). 

 

Table 12 Questions in Pre-TRIAGE questionnaire 

 Questions 

1. How satisfied are you with the current prioritization system? 

2. What are your expectations regarding the prioritization system? 

(What kinds of prioritization system would you prefer? What is your 

ideal prioritization system?) 

3. In your opinion, which criteria should be considered when decision 

makers want to prioritize services for individuals with communication 

disorders? 
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7.3.1.2 Group data collection 

 

The prioritization procedure sought to reach a consensus on a set of criteria by using TRIAGE group decision-

making techniques. To this end, decision makers (e.g. clinicians, managers, and other stakeholders) held 

semi-structured discussions to identify related criteria and gain a clear and shared understanding of their 

meaning.  

The group data collection for this study involved only team members in the program. Referrals using AAC 

were excluded due to their medical conditions (which was difficult for them to stay in 3-4 hours long meeting). 

Based on the TRIAGE technique (Figure 18), the results of the individual data collection, namely a core set 

of potential criteria for AAC prioritization, were transcribed onto cards and posted on a large board divided 

into six sections [111]. 

 

Cards detailing all the proposed criteria generated during the individual data collection were first placed in 

the “Memory” section. As the group discussion proceeded, cards were moved from one section to another. 

Eliminated criteria were put in the “Garbage” and criteria transferred to the “Grouping” section were 

Figure 18 TRIAGE visual set-up [112]. 
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discussed. Criteria that seemed similar were grouped together, and criteria covering more than one concept 

were divided and renamed [111]. Also based on the discussions, participants could suggest new criteria if 

they wished. In the event of a disagreement about a criterion, it was placed in the “Fridge” section and 

discussed later. Finally, the eight most relevant criteria were placed in the “Selection” section. We decided to 

select eight criteria, since based on evidences [10], [132], [16] this could lead to solid prioritization tools. The 

TRIAGE group session lasted approximately three hours. 

 

7.3.2 Phase 2. Pairwise comparison of identified criteria 

 

To understand the importance of different evaluation criteria, program team members may examine which 

assessment criterion is more important and by how much. For this purpose, after the TRIAGE session a post-

TRIAGE questionnaire was designed and emailed to participants (program team members) to determine the 

importance weight of each identified criterion. The questionnaire contained 28 questions to compare each 

criterion to all other criteria using a pairwise comparison matrix to determine its weight or relative importance 

(Appendix 4). The questionnaire has been discussed in a group consensus meeting among experts before 

establishment.  Program team members independently and anonymously decided the weights of the criteria. 

For instance, Figure 19 shows the comparison questionnaire sample for the first criterion with all seven other 

criteria; each clinician was asked the following question: “How important is criterion 1 in comparison with 

criterion (2-8) when you want to prioritize individuals with AAC needs?” 

Figure 19 Pairwise comparison matrix for criterion 1 (C1). 
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7.3.3 Phase 3. Generating weights for criteria  

 

The purpose of this step was to assess the relative importance of the selected criteria. In this study, a fuzzy 

multiple criteria decision making an approach (named fuzzy Analytical Hierarchy Process (F-AHP)) was used 

to determine the weights of the selected criteria by considering clinicians’ opinions using data obtained from 

the post-TRIAGE questionnaire. AHP, F-AHP and its implementation in practice (at the CIUSSS-CN/IRDPQ, 

Quebec) are explained below. 

 

7.3.3.1 Analytical Hierarchy Process (AHP) 

 

AHP is a theory of measurement that uses expert judgments to address the measurement of qualitative 

criteria [145]. AHP is a powerful decision-making method for determining weights of criteria and priorities 

among different criteria and alternatives [112]. Two types of measurements can be employed in the AHP: 

absolute and relative measurements. Absolute measurement is applied to rank each criterion independent 

of other criteria, while in relative measurement the priority of each criterion also depends on other criteria [82] 

. In this study we employed relative measurements.  

AHP decomposes the problem into a hierarchy in which the overall decision objective is at the top and the 

criteria, sub-criteria and decision alternatives are at each descending level of the hierarchy [98] [81]. Decision 

makers compare each factor to all other factors (at the same level of the hierarchy) using a pairwise 

comparison matrix to determine its weight or relative importance. Despite the usefulness of the AHP method, 

it has some major drawbacks, such as [99]:  1) the uncertainty associated with mapping a decision maker’s 

judgment to a number is not considered; 2) ranking using the AHP method is quite imprecise, and (3) human 

judgment (on qualitative attributes) is always subjective and thus imprecise and subjective judgments have 

great influence on AHP results. Hence, conventional AHP seems inadequate to consider these ambiguities 

and multiple aspects. Evidences show that application of fuzzy logic and AHP lead to reliable and valid results 

[85], [112], [16] [18] to overcome previously mentioned shortcomings, in this study, we used fuzzy analytical 

hierarchy process to determine the importance weights of the criteria. 
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7.3.3.2 Fuzzy Analytical Hierarchy Process (F-AHP) 

 

Health sciences (including rehabilitation) knowledge and clinical practice are always associated with 

considerable amounts of uncertainty.[70] Since uncertainty is inherent in fields like medicine and fuzzy logic 

takes uncertainty into account, the fuzzy set theory can be considered a suitable formalism to deal with the 

lack of precision intrinsic to individual prioritization problems. Professionals usually prefer to use familiar 

language expressions rather than numbers in assessing criteria. Thus, F-AHP, which effectively represents 

human perceptions and uncertainty, was applied in this study. 

To illustrate the idea of fuzzy multi criteria decision making (F-MCDM), we deliberately transformed the crisp 

values to five-level linguistic variables. The fuzzy linguistic variables used to compare the importance of the 

prioritization criteria were: Equally Important (EI), Weakly Important (WI), Strongly more Important (SI), Very 

Strongly more Important (VSI), and Absolutely more Important (AI). The purpose of using a fuzzy process in 

our study was two-fold: i) to consider associated vagueness and uncertainty in the comparison process, and 

ii) to make the rating process easier and less time-consuming for program team members. Due to its simplicity 

in modeling easy interpretations and its ability to adequately represent the five-level fuzzy linguistic variables, 

Triangular Fuzzy Number (TFN) was used for the analysis thereafter. Transformations are shown in Table 

13. The fuzzy ratings in this table are defined in accordance with Srichetta and Thurachon [100] and the 

experience of the authors. For example, the “Weakly Important” (WI) fuzzy variable has an associated 

triangular fuzzy number with a minimum of 2/3, mode of 1, and maximum of 3/2. A similar definition was used 

for the other fuzzy variables. 

Table 13 Transformation for fuzzy membership functions (five-level) [112]. 

Rank Triangular fuzzy number 

Equally Important (EI) (1,1,1) 

Weakly Important (WI) (2/3,1,3/2) 

Strongly more Important (SI) (3/2,2,5/2) 

Very strongly more Important (VSI) (5/2,3,7/2) 

Absolutely more Important (AI) (7/2,4,9/2) 
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The basic procedure to perform the F- AHP is illustrated in Figure 20. How this procedure was implemented 

in our study is detailed in the following steps: 

 

Figure 20 Fuzzy AHP procedure. 
 

 

All of the relevant criteria were identified and the decision hierarchy was constructed. The set of eight criteria 

selected during the TRIAGE session were used. The decision hierarchy for prioritizing referrals is illustrated 

in Figure 21.  

 

Figure 21 Decision hierarchy for prioritizing referrals with AAC needs. 

 

i)
•Decomposing the decision problem into a hierarchy 

ii)
•Constructing the pair-wise comparisons

iii)
•Computing the value of fuzzy synthetic extent 

iv)
•Approximating the fuzzy priorities

v)
•Obtaining normalized weights for criteria and sub-criteria
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To consider different decision makers’ opinions in the process of weighting the criteria, all of the program 

team members were asked to complete the fuzzy judgment matrix individually. After collecting fuzzy judgment 

matrices from the team members, Buckley’s fuzzy geometric mean method [114], [113] was used to 

aggregate these matrices. The aggregated TFN of n team members’ judgment in a certain case ;E�% =�H�%, ,�%, ;�%� is [100]:  

;E�% = �∏ E�%��L� ! !/L (12) 

where E�%� is the relative importance of the kth team member’s opinion and n is the number of team members. 

Finally, the program team members’ responses to the post-TRIAGE questionnaires and Buckley’s F-AHP 

approach [114], [113] were used to calculate the relative weights of all the selected criteria.  

 

7.4 Results 

7.4.1 Criteria proposed by referrals and family members/caregivers  

 

The interviewees (referrals and their family members/caregivers) were predominately female. There were 3 

men (37.5%) and 5 women (62.5%), and the average age was 54 (range 32-71 years). Most of the 

interviewees were highly educated (75% had a university degree).  

Referrals and their family members/caregivers proposed 20 criteria, as shown in Table 14. 
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Table 14 Criteria proposed by referrals and family members/caregivers. 

 Criteria 

1.  Rate of disease progression 
2.  Diagnosis  
3.  Psychological aspects 
4.  Disease severity  
5.  Symptoms/pain  
6.  Communication problems  
7.  Mobility difficulties  
8.  Level of disability  
9.  Quality of life (daily activities)  
10.  Employment status  
11.  Autonomy in life  
12.  Lifestyle (social & school)  
13.  Looking after others (children, elderly parents, etc.)  
14.  Social roles  
15.  Having a caregiver or not  
16.  Risks to the person’s health  
17.  Time spent on waiting list (wait time)  
18.  People who are very demanding  
19.  Age  
20.  Importance of AAC device/service for the person  

 

7.4.2 Criteria proposed by clinicians, managers, and other stakeholders  

 

All of the program members agreed to participate in the case study. The team members had 12 years of 

professional experience on average (range 1–35 years) and had worked in the AAC assistive technology 

program for an average of 5.6 years (range 1-10 years). Program team members proposed 29 criteria, which 

are shown in Table 15.  
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Table 15 Criteria proposed by program team members.  

 Criteria 
1.  Impact on the person’s physical and mental health  
2.  Rate of disease progression  
3.  Diagnosis  
4.  Referral’s safety or need to express pain  
5.  Psychological distress of the person faced with dependency and loss of skills 
6.  Life expectancy 
7.  Lifestyle disruption (severity of disability)  
8.  Difficulty in doing daily life activities  
9.  Importance of AAC device/service for the referral  
10.  Ability to meet the need 
11.  Impact on the person’s lifestyle  
12.  Burden of the condition (leading to greater dependency) 
13.  Having a caregiver  
14.  Impact on functioning in class  
15.  Compromised learning 
16.  Impact on social life  
17.  Number of disciplines involved  
18.  Quality of life  
19.  School issue  
20.  Likelihood of a change in physical or social environment occurring in near 

future 
21.  Level of involvement of the social environment  
22.  Number of compromised habits  
23.  Person’s safety  
24.  Mainly at home  
25.  Risky home care  
26.  Time spent on waiting list (wait time)  
27.  Ad hoc requests  
28.  Change of living environment  
29.  Person’s ability to make him/herself understood in various living environments 

 

7.4.3 Discussion on the results of potential criteria from all stakeholders 

 

The most mentioned criteria from AAC program team members were: the importance of device/service the 

referral, referral’s safety, risky home care, the likelihood of a change in physical or social environment 

occurring in near future, the rate of disease progression, and level of involvement of the social environment. 

The most mentioned criteria from AAC users and their family/caregivers were: the rate of disease 

progression, security of the person, life expectancy and time spent on waiting list.  
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All stakeholders including patients’ common concerns were: rate of disease progression, diagnosis, life 

expectancy, referrals’ safety, time spent on waiting list, importance of device/service to the referral, 

dependency of the patients, having caregiver, difficulty in doing daily life activities (mobility and 

communication), quality of life, lifestyle, social role, and psychological aspects.  

 

7.4.4 Selected criteria 

 

During the TRIAGE group discussion, participants selected the eight most important criteria for prioritizing 

AAC program referrals on waiting lists. The eight criteria chosen were: 

1. Person’s safety (C1) 

2. Developmental risk (C2) 

3. Psychological well-being (C3) 

4. Physical well-being (C4)  

5. Life prognosis (C5)  

6. Possible impact on social (human) environment (C6)  

7. Interpersonal relationships (C7)  

8. Responsibilities and social role (C8)  

 

7.4.5 Importance weights of selected criteria 

 

Using Buckley’s method, [114], [113] the relative weights of all criteria were calculated (second column of 

Table 16). The relative weights had to be normalized to put them on a standard scale. The normalized weights 

of the criteria were calculated by dividing each relative weight to the sum of the relative weights (see [82] 

[100] [134] [16] for more details);  normalized weights are shown in the third column of Table 16. Normalization 

is done to reach a linear, and the more robust relationship among importance weights. 
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Table 16 Relative weights (w' (Si)) and normalized weights (w (Si)) of each criterion. 

Criteria Relative weights ¢��£¤� Normalized weights ¢ �£¤� 

C1 0.852 0.274 
C2 0.447 0.144 
C3 0.435 0.14 
C4 0.388 0.124 
C5 0.331 0.106 
C6 0.264 0.085 
C7 0.228 0.073 
C8 0.169 0.054 

 

Figure 22 contains a graphical representation of the normalized weights of the criteria calculated with F-AHP. 

Note that these weights are fixed until one criterion is added or removed. 

 

 

Figure 22 Importance weights of selected criteria for prioritizing individuals with AAC needs. 
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7.5 Discussion 

 

Ensuring transparent, equitable, accurate prioritization of individuals seeking access to AAC services is a 

major issue in health care organizations including rehabilitation centers. Accurate prioritization could help 

reduce inappropriate access to rehabilitation services, thus increasing patient safety and patient satisfaction. 

Prioritization systems presently used in rehabilitation centers (first come, first served or scoring system) suffer 

from various shortcomings and weaknesses in assessing the relative priority of referrals, which leads to 

increased wait times, inequity, bias in decision-making, and dissatisfaction among clinicians and referrals. 

This was the case in the AAC program (called PACEC) at CIUSSS-CN/IRDPQ rehabilitation hospital in 

Québec, Canada.  

Briefly, in this chapter we answered the following important questions in prioritizing AAC needs and services: 

What are the main criteria for prioritizing individuals with AAC needs? What risks do referrals with AAC needs 

on waiting lists face? How important are these risks and criteria compared to each other? How can groups 

of clinicians’ opinions be simultaneously involved in the decision making procedure? How can referrals and 

their families be involved in the decisions? How should uncertainties in clinicians’ decisions in the procedure 

be handled? and How we can facilitate AAC needs and services’ prioritization for clinicians? 

Our findings substantiate the need for more consistent referral prioritization tool for prioritization of referrals 

with communication disabilities.  This study is the first step aimed at filling existing gaps in referrals’ with 

communication disabilities’ prioritization by proposing relevant prioritization criteria and their importance 

weights, for the first time in the literature. First, a set of potential criteria for prioritizing individuals with AAC 

needs was identified through interviews with referrals using AAC assistive technology, their family members 

or caregivers, and AAC program team members’ responses to electronic questionnaires. Then, using the 

TRIAGE technique, a discussion meeting involving the program team members (at the CIUSSS-CN/IRDPQ 

rehabilitation center in Québec, Canada) was organized and the eight most important criteria were selected. 

After TRIAGE, an electronic questionnaire (post-TRIAGE questionnaire) was designed and distributed to the 

TRIAGE session participants with the aim of determining the relative importance of the eight selected criteria. 

Finally, using the F-AHP method, importance weights of the selected criteria were calculated. The fuzzy 

process was used to allow us to consider vagueness and uncertainty in the opinions and comparisons made 

by the participants, and to make the rating process easier and less time-consuming for the program team 

members. 
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Team members could evaluate individuals coming into the system with respect to these selected criteria and 

their importance weights. To do so, each referral should first be rated (in 1 to 9 scale [82]) considering each 

criterion. Then the importance weights should be multiplied by the referral’s assessed rate and the sum of all 

the values obtained gives a “total score” for each referral, which will be used to rank referrals. The referral 

with the highest total score will have the higher priority in receiving rehabilitation services. The Augmentative 

and Alternative Communication Services Prioritization Aid (AAC-SPA) sheet has been developed for 

facilitating this procedure (Appendix 5). 

The main features and contributions of this study are: (a) identification of eight main criteria for prioritizing 

patients’ with communication disabilities based on different stakeholders’ perspectives; (b) assigning 

importance weights to eight main criteria using a fuzzy analytical hierarchy process approach; (c) considering 

both referrals’ and professional team members’ proposed criteria for prioritization, which may lead to an 

accurate perception of the needs of referrals and professionals simultaneously; (d) using familiar language 

expressions (linguistic terms) rather than numbers when designing a questionnaire so that it is preferable 

and easier for clinicians, referrals and other stakeholders to fill out; and (e) handling associated uncertainties 

in the decision-making procedure using a fuzzy approach; and finally (f) development of a prioritization aid 

(i.e. AAC-SPA) to facilitate prioritization procedure for clinicians in rehabilitation center to prioritize referrals 

with communication disabilities.  

To the best of our knowledge, this is the first time in the literature concerning AAC assistive technology 

prescription programs that such a study has been done. One of the main strength of this study is the 

involvement of referrals with AAC needs and their family members/caregivers in the individual data collection 

step of the TRIAGE and considering their opinions in the prioritization procedure. Besides, questionnaires in 

this study were designed using linguistic terms to make it easier for clinicians to respond. Finally, associated 

uncertainties in clinicians’ decision making were handled using a well-known fuzzy MCDM approach, and a 

prioritization tool has been developed.   

Enhancements stemming from this study to existing prioritization tools and policies could have significant 

impacts on both the medical community and the public. The results could help decision makers/clinicians to 

(a) evaluate and determine policies for prioritizing referrals and scheduling more accurately; (b) manage 

waiting lists properly; and (c) increase the quality of care, equity of access to AAC services, and patient 

safety. Due to medical conditions of referrals we were not able to involve them in the group data collection 
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step of the TRIAGE. In addition, only seven clinicians participated in the study (due to the case was chosen), 

involving more clinicians may increase the validity of the results. 

7.6 Chapter conclusion 

In summary, prioritizing referrals on waiting lists for AAC services is an essential but forgotten practice not 

only in Quebec but also internationally. Urgent referrals are generally seen in a matter of days while others 

wait for many months or even years to access services. Most programs use a three or four level prioritization 

tool that has been locally developed without reaching general consensus among clinicians and without having 

solid and rigid mathematical basis.  

In this study, a structured approach was applied to identify and validate criteria for prioritization of AAC needs 

and services based on a case study at an AAC program at a rehabilitation center. The importance weights 

of the identified and validated criteria were defined using a well-known and concrete mathematical decision 

making approach called fuzzy analytical hierarchy process. Finally, a prioritization aid (AAC-SPA) sheet has 

been developed. The results of this study could also be used in other AAC programs and rehabilitation 

centers. Although we believe this study provides real value, there are areas for future enhancements. This 

chapter is the first step in opening doors to take advantage of the operational research and decision making 

approaches to address the potential difficulties in prioritizing referrals’ access to AAC services. Next steps 

include pilot testing of the developed AAC-SPA, as well as implementing developed prioritization framework 

(in Chapter 5) in this clinical setting to enrich it.    
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Chapter 8. Conclusion, Future Work, and Publications 
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Patients arrive at health care organizations with/without a planned appointment with various injuries or 

illnesses. Some of them come with a life-threatening status requiring immediate treatment, while others come 

with non-urgent status and can wait to be treated. Overcrowding of patients and long waiting times for 

receiving treatment adversely affecting the quality of provided health care [146] , [147], [148], [149] and 

patients’ safety and satisfaction. Some authors [147], [150] found this overcrowding and longer waiting times 

to the treatment is correlated with the increased risk of in-hospital mortality of patients, transport delays, 

treatment delays, ambulance diversion, patient elopement, financial effects, etc. While, effective patients’ 

prioritization could act as a patient flow regulator, risk controller and can prevent adverse events. In fact, 

prioritizing patients’ access to health services is an essential but forgotten practice internationally.  

Prioritizing patients and deciding who should be treated first and how to assign scarce resources to limitless 

medical needs is a challenging global issue. Patients’ access to health services should be prioritized in a way 

that best uses the scarce resources and most importantly increase their safety. Some of the challenging 

aspects in patients’ prioritization problem are to: (i) consider multiple conflicting criteria, (ii) handle incomplete 

and imprecise data, (iii) identify and manage associated risks that could threaten patients on waiting lists, (iv) 

involve patients in decision making procedure, (v) handle uncertainties in clinicians’ decisions, (vi) involve a 

group of decision makers’ opinions simultaneously, and (vii) consider system’s dynamic behavior. While, 

inappropriate prioritization of patients waiting for treatment, affect directly on inefficiencies in health care 

delivery, quality of care, and most importantly on patients’ safety and their satisfaction. Inspired by these 

facts, in this thesis, we proposed novel hybrid frameworks in each chapter of the thesis and a comprehensive 

integrated framework at the end to prioritize patients by addressing a number of main shortcomings of current 

prioritization methods. We developed integrated innovative frameworks based on diversified approaches 

such as multiple criteria decision analysis approaches, fuzzy logic, linear programming-based techniques, 

group decision making techniques, nonparametric methods in operations research, and risk management 

techniques.  

Finally, through the application of the proposed comprehensive framework in the orthopedic surgery ward at 

Shohada University Hospital, and in an augmentative and alternative communication (AAC) clinical program 

called PACEC at the Institute for Disability Rehabilitation in Physics of Québec (IRDPQ), we demonstrated 

the effectiveness of our framework comparing the currently used ones. The implementation results proved 

that this framework can be adopted easily and effectively in other health care organizations as well. Notably, 

clinicians that participated in the study concluded that the framework produces a precise and reliable 

prioritization that is more effective than the prioritization method currently in use. 



•

•

•
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 In [17] we explained how Technique for Research of Information by Animation of a Group of Experts 

(TRIAGE) approach and proposed F-AHP model have been used in a real case study in Augmentative and 

Alternative Communication services program at a rehabilitation center in Quebec, Canada. In [17] and [18] 

we illustrated how patients can be involved in the prioritization procedure, how clinicians can reach a global 

consensus in selecting prioritization criteria using TRIAGE approach in real practice, how linguistic terms and 

F-AHP could be used to determine importance weights of selected criteria, and how uncertainties in clinicians’ 

decisions can be handled (this part was explained in the application part; Chapter 6 and 7). 

 

Uncertainties and risks in patients’ prioritization  

In [17] and [18] we identified and managed the associated risks that could threaten surgical patients and 

patients with communication disabilities in real-world practices in two different hospitals. In [19] we proposed 

a novel integrated framework using multiple criteria decision-making approaches and the notion of a fuzzy 

soft set together with arithmetic operations on the fuzzy number for patients’ prioritization. In this study, we 

considered not only multiple criteria but also associated risks and their possible interactions. Besides,in [17], 

[18], and [19] existing uncertainties in prioritization procedure, were handled adequately as well. Finally, in 

[18] using interval DEA, incomplete and imprecise data in patients’ prioritization have been handled and the 

proposed framework has been tested in orthopedic surgery ward in Shohada University Hospital (this part 

was explained in Chapters 5 and 6). 

 

Dynamic behavior of the health care systems  

In [18] we proposed a holistic framework which overcame most of the shortcomings of the previous methods 

up to date. We presented an innovative integrated three-step decisional framework, which considered 

different aspects including dynamic and complex nature of the health care systems in patients’ prioritization. 

This framework integrated Fuzzy Logic, AHP, interval DEA, and MRA to obtain a primary prioritization of 

patients. Then proposed Delay Ratio, Risk-Criteria score and Profile Matrix to introduce dynamic aspects 

(related to the patients’ medical condition and their waiting time) into the prioritization process. This three-

step framework considered not only medical staff’s opinions but also patient’s opinions in the decision making 

process. 
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In the application part of the thesis (Chapters 6 and 7), we illustrated how the proposed framework in chapter 

5 had been implemented for prioritization of orthopedic surgical patients (with age range of 2-75 years old) 

at Orthopedic Surgery ward, Shohada University Hospital, East Azerbaijan, Iran. Besides, this chapter 

discussed the results of an electronic survey, which was conducted in November 2015 at Shohada University 

Hospital with the aim of comparing the proposed framework with the currently used method of prioritization 

in this hospital. Chapter 7 also illustrates a part of implementation of the framework at IRDPQ, Quebec, 

Canada rehabilitation center, for prioritization of patients with communication disabilities.  

 

8.2 Implementation in two clinical settings 

 

The proposed approaches have been applied and tested in two real clinical case studies at (i) Orthopedic 

Surgery ward, Shohada University Hospital, located in Northwest of Iran, and (ii) Augmentative and 

Alternative Communication (AAC) Assistive Technology Program called PACEC, located at CIUSSS-CN/ 

IRDPQ rehabilitation hospital in Québec, Canada.  

Shohada Hospital is one of the biggest Teaching hospitals of Tabriz, and this hospital is an Orthopedic 

Surgery Center, Physical Medicine and Rehabilitation Center of Tabriz University of Medical Sciences. This 

hospital was selected because it is the most important teaching hospital in orthopedic surgery in Tabriz, Iran. 

Implementation of this framework at Shohada University Hospital had been done in close collaboration with 

Prof. Amir Mohammad Navali and Prof. Alireza Sadeghpour, who respectively are head of orthopedic surgery 

ward in Shahid Gazi Hospital, and chairman of the orthopedic surgery department at Tabriz University of 

Medical Sciences also director and chairman of Shohada University Hospital. Both are orthopedic surgery 

professors at Tabriz University of Medical Sciences. 

The Institute for Disability Rehabilitation in Physics of Quebec (IRDPQ) is a rehabilitation center serving the 

population of the eastern part of the province of Québec, Canada. IRDPQ provides motor, hearing, vision 

and language, rehabilitation and social integration services. This hospital contributes in training, evaluation, 

research and the sharing of knowledge in the fields of adaptation, rehabilitation, and social integration, with 

the goal of offering excellence of service and helping to create a more inclusive society. Implementation of 

this framework at IRDPQ had been done in close collaboration with Pr. François Routhier and Pr. Marie-Ève 

Lamontagne, who respectively have a great background knowledge in a social environment, assistive 
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devices, and knowledge translation. Both are researcher and professor at the Center for Interdisciplinary 

Research in Rehabilitation and Social Integration (CIRRIS), IRDPQ and in the Department of Rehabilitation 

Medicine, at Laval University.  

 

8.3 Future Work  

 

The proposed integrated frameworks in this thesis open a door to take advantage of the operational research 

and decision making approaches to address the potential difficulties in prioritizing patients’ access to health 

care services. However, we obtained promising results in this thesis work, in the following, we briefly outline 

main future directions for research: 

 

Emergency patients 

The arrival of emergency patients is highly uncertain in hospitals. In this thesis, we focused on 

elective and semi-elective cases, however, development of a novel framework for prioritization of 

emergency cases or implementation and assessment of the proposed framework in emergency 

cases seems interesting to work on (this thesis work could be considered as a guide).   

Consideration of limited resource 

Limited resource (e.g. the number of specialists, the number of operating rooms, medical equipment, 

etc.) in health care organization is one of the major issues in delivery of health care services which 

had not been considered in this thesis. Consideration of scare resources of health care organizations 

in prioritization procedure and comparing results of prioritization could be an appealing extension of 

this study.  

Scheduling 

In the previous studies, scheduling of patients has been considered using a list of already prioritized 

patients or the routine prioritization base (i.e. First Come First serve). Then, our developed 

frameworks in this thesis can be linked to the one concerning scheduling decisions in order to 

improve future scheduling models. 
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Applications  

In the future, the proposed frameworks in this thesis can be applied to hospitals or other health care 

organizations by generating a set of guidelines for surgeons, or clinicians to facilitate and improve 

the current prioritization procedure. Besides, this study has been done in a small size population, 

further studies require to compare the results in larger scale populations and in variety of contexts. 

Finally, developing a user-friendly software based on the proposed decision support framework could 

facilitate its implementation in medical centers enormously. 

Much remains to be done but much has already been achieved... 
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Appendix 1: 

Interview Guide (for referrals) 
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Appendix 2: 

Interview Guide (for clinicians) 
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Appendix 3: 

Pre-TRIAGE Questionnaire (for clinicians) 
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Appendix 4: 

Post-TRIAGE questionnaire (for clinicians and mangers) 
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Appendix 5: 

Augmentative and Alternative Communication Services Prioritization Aid (AAC-SPA) sheet 
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Criteria Column: 
Augmentative and 
alternative 
communication 
(AAC) 
 

Score column: 
How do you evaluate 
patient / referral’s 
situation for this 
criterion? Score it from 
1-9 (1 for very low and 
9 for very high) 

Weight column: 

Importance weight 

Final column:  
Multiply number in 
Score column in its 
same row importance 
weight 

Person’s safety ……………. 0.274 ……………. 

Developmental risk ……………. 0.144 ……………. 

Psychological well-
being ……………. 0.14 ……………. 

Physical well-being ……………. 0.124 ……………. 

Life prognosis ……………. 0.106 ……………. 

Possible impact on 
social (human) 
environment 

……………. 0.085  
……………. 

Interpersonal 
relationships ……………. 0.073 ……………. 

Responsibilities and 
social role ……………. 0.054 ……………. 

Referral/patient’s priority score:  

Summation of all numbers in the Final column = ……………. 
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Appendix 6: 

Published in Health Care Systems Engineering for Scientists and Practitioners Book, Chapter 3, Springer 

International Publishing Switzerland, Vol 169, Pages 25-35, DOI 10.1007/978-3-319-35132-2. 
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Appendix 7: 
Published in Decision Support Systems Journal, Volume 88, pages 112-120, 2016. 
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Appendix 8: 
Published in Quality and Reliability Engineering International Journal, Volume 31, Issue 4, pages 601–615, 

2015. 
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