
 Available online at www.ijournalse.org 

Emerging Science Journal 
(ISSN: 2610-9182) 

Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

 

 

Page | 87 

 

Multi-Factor Triage Algorithm (MUFTA): Quantitative and 

Qualitative Ethical Factors on Triage Decisions During COVID-19 
 

Shamsuddin Ahmed 1*, Rayan H. Alsisi 2 

1 Professor, Department of Industrial Engineering, Faculty of Engineering, Islamic University of Madinah, 42351, Kingdom of Saudi Arabia. 

2 Vice Dean for Graduate Studies and Scientific Research, Faculty of Engineering, Islamic University of Madinah, 42351, Kingdom of Saudi Arabia.  

Abstract 

Background: This study shows how multiple ethical criteria evaluations result in patient screening 
and ranking. Furthermore, as Omicron outbreaks increase, hospital emergency departments will 

become overburdened with critically ill patients. It is a one-of-a-kind global triage algorithm for 

infectious decreases of COVID-19 and Omicron. The algorithm is qualitative and quantitative, and 
adaptable to various bio-ethical and social factors. The measurement of the evaluation process 

eliminates any inconsistencies, which is an advantage of a decision-making algorithm. The proposed 
algorithm is unique because there are no similar algorithms in the literature that provide triage 

guidelines based on social ethics, bioethics, and human dignity. Objective: It's simple to evaluate a 

patient's potential benefits when ethical triage judgments are structured and transparent. Furthermore, 
decisions made primarily based on economic considerations in stressful situations overlook the 

socioeconomic realities of the underprivileged. This triage algorithm eliminates the need for ad hoc 

triage evaluations and facilitates criteria for inclusion, such as human dignity. It also takes into 
account patient comorbidities and social, ethical issues. Method: Healthcare professionals use 

predefined ethical criteria to assign relative rankings among patients based on treatment response and 

social circumstances. It is a Delphi method for evaluating patient illnesses with the help of medical 
professionals. For example, the admission to the intensive care unit and providing a ventilator depend 

entirely on hierarchical multidimensional triage scoring results. This algorithm can evaluate triage 

scores quickly. It is robust, accurate, and quick in assessment, evaluation, and reevaluation during an 
emergency. A team of three experts can implement this algorithm. Result: The Consistency Scores 

(CR) show how well clinical and non-clinical ethical criteria may be used to make triage judgments. 

As a result, all specialists have reported allogeneic reactions in the triage assessment. Furthermore, 
this system enables decision-makers to identify cognitive biases that may influence their decisions. A 

Group Consciousness Ratio (GCR) of over 85% indicates that the decision-making process is 

transparent. Patients with a high level of social dependency, a reasonable probability of recovery, a 
favorable weighted average comorbidity score, and those who are less fortunate are all considered in 

the overall triage decision. Conclusions: This algorithm differentiates patients who need ICU 

(Incentive Care Unit) care and do not immediately require critical resources. As a result, patients 
queue up on a waiting list when the ICU demand spikes due to the increased incidence of COVID-19 

infection or its variants. This situation presents a dilemma for the triage policy. Therefore, a national 

emergency policy requires monetary and technical assistance to expand healthcare facilities. 
However, the clarity of this triage policymaking is at odds with decision-makers interested in 

manipulating results. It is challenging to deal with consistency issues in the Delphi process in group 

decision-making without professional moderators and valid evaluation metrics. Therefore, 
transparency, consistency, and strong judgment are essential elements of the presented algorithm. 
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1- Introduction: Ethics Guidelines on COVID-19 Triage 

The purpose of triage regulation is to reduce the burden on decision-makers. Triage helps patients allocate critical 

resources as needed. Transparent triage is essential for making decisions [1]. It should reflect the dignity of the patient 

and a fair distribution of vital resources and maximize the benefit to society while following the expected values of 
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quality life. According to ethical guidelines, allocating scarce resources provides moral justification for healthcare 

professionals. Decision-making and patient triage processes should be transparent, comprehensive, evidence-based, and 

support the appeals method with new evidence or expert opinion [2, 3]. 

Triage guidelines benefit a patient who shows prospects for long-term survival. Some guidelines emphasize short-

term survival as a criterion; others consider a long-term prognosis, reduced life expectancy, age limits, and 

comorbidities. The preference of patients or their representatives provides an opinion in triage reviews. If the treatment 

does not offer an advantage for a cure, almost all guidelines justify the end of treatment [4, 5]. A patient who is a health 

professional gets priority as a front-line defense worker. A complex case may require an alternate assessment and triage 

decision using a computer algorithm for clinical data, patient information, and ethical considerations. The software 

should support the characteristics of patients, clinical knowledge, and patient data that are unusual for decisions [6]. 

Treating critically ill patients during the pandemic is crucial because of the lack of ICU ventilators and medical staff. 

Due assessment of management of critical care resources and examination of high-risk patients requires due assessment. 

Many European countries have issued COVID-19 screening guidelines over several years, and many countries, such as 

Austria, Germany, the United Kingdom, Belgium, etc. In Italy and Switzerland, in crisis and life-threatening conditions, 

COVID and non-COVID patients can receive treatment according to predefined criteria [7–13]. Ventilation support, 

ICU admission, and irreplaceable treatment needs are more common in COVID-19 infected patients. Lack of resources 

complicates the situation and puts stress on health workers. In addition, insufficient resources to support COVID-19 

patients, families, and society in general, suffer anxiety. The lack of intensive care unit resources complicates the ethical 

issues that arise. There are several ethical procedures for allocating scarce resources. Some principles are inconsistent 

and will be explored later in other sections. For example, utilitarianism ethics maximizes economic interests, while 

egalitarianism emphasizes equality, needs, and opportunities. Finally, argument-based ethics and the cessation of 

medical support use various bioethical principles to control medical resources. 

In contrast to utilitarian ethics, the research questions of this study focus on the moral view of any combination of 

bio and social ethics. The proposed triage methodology is unique in that it does not have any particular exclusion criteria. 

A few research on triage algorithms combine qualitative and quantitative methods to assess clinical and non-clinical 

ethical issues. In this investigation, we sketch a self-triage algorithm that is efficient, less complex, and simpler to 

implement. In addition, the algorithm is flexible enough to accommodate rapidly changing instructions and is agile 

enough to respond urgently. The research problems are as follows: 

 Identify ethical criteria for triage screening and prioritization of patients; 

 Construct an unbiased triage decision model taking into account clinical and non-clinical factors; 

 Show unique data collection method with software and indicators of validation of data; 

 Illustrate how the algorithm supports a robust triage decision model with case studies. 

In section 1, briefly, the triage procedure and ethical guidelines are discussed. Then, the research issues are listed and 

outline the research questions. Section two includes the literature review. Part 3 deals with the practice of medical ethics 

during the pandemic. See section 4 for more details on the research objectives and questions. Unique data collection 

methods, including case descriptions, are listed in section 5, while section 6 describes research methods. Section 7 

presents data analysis and algorithms. Section 8 summarizes the study with notes. Finally, in section 9, a list of references 

is provided. 

2- Literature Review  

The global pandemic COVID19 has changed all countries, transparently dealing with emergency medical systems. 

Patients with severe disease require special attention. Bed allocation in the ICU concerns health care facilitators based 

on equality of health care and ethical guidelines [14-20]. Countries severely affected are China, the United States, Italy, 

and Spain [15-17]. After the second wave of COVID-19, India is suffering a lot in all walks of life. These countries had 

to form rules for allocating scarce resources. ICU bed allocation, professional service, and life-supporting resource 

allocation have clinical and ethical consequences1. The resource allocation policy should be fair, and the general public 

should have access to this opportunity. There are several ethical approaches to allocating resources. Some principles are 

inconsistent. Utilitarianism insisted on maximizing profits. Equalitarianism emphasizes equality, needs, and opportunity 

[9, 18-19] discuss argument-based allocation of medical resources. 

According to triage criteria, resource allocation guidelines determine which patients receive intensive care over 

others. Patients with a good prognosis are preferred [16]. This principle supports quantitative triage criteria and clinical 

judgment. Ethical considerations are the most promising prognosis concerning expected health outcomes regarding the 

quality of life and possible survival scenarios after intensive care. Severe comorbid disease, chronic disease, borderline 

age limit, predicted quality life expectancy, and complex illness denies ICU admission based on composite score [6, 20-

22]. Clinical evaluation may be a questionable criterion since some ethical principles are general clinical decisions made 
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by the patient [23]. Moral principles that consider race, gender, disability, religion, sexual orientation, or political 

opinion are unfair. Justice must come first to respect social dignity and human rights [4, 15, 24]. A utilitarian approach 

to maximizing profits during a pandemic is reasonable [25]. 

End-of-life care emphasizes options for suppression and cancellation of ICU treatment and is related to severe chronic 

diagnosis, need for ICU facilities, patient age, and religious beliefs [4, 5, 24]. Resource allocation based on social values 

such as dependents, social usefulness of patients, and economic benefits generated by patients is usually ignored and 

based on arbitrary decisions and discrimination. Measuring a person's worthwhile actions or social worth is difficult and 

often neglected. Although triage decisions aim to promote objective criteria, the social value of patients does not fall 

under these criteria [26]. 

Screening is critical for first-come-first-served patients or patients accessing a facility for the first time. Under this 

rule, the priority for patients with no or adverse prognosis is questionable. This policy could impose penalties on 

marginalized groups with low socioeconomic income. People suffer the disadvantage of not having access to information 

and access to medical systems [21, 27, 28]. The allocation of resources on the randomization process unintentionally 

benefits the patient. Factors such as ethnicity, sexual, racial, and socioeconomic status do not play any role, and all life 

is weighted equally. It eliminates biases discrimination, and everyone has an equal chance to access facilities. His rule 

can compete with the utility principle. Random assignments may not provide a reasonable resource allocation when 

saving more.  

It is difficult to withdraw and maintain vital support treatment. In general, the decision reflects the patient's prognosis. 

The ethical principles of practical theory may be valid, but the considerations of moral ethics, religious ethics, and 

human dignity differ from decision-making processes. Other decision-making criteria create different results in triage 

decisions. The prioritization decisions that distinguish a person's eligibility for treatment depend on the benefit the 

patient may derive from treatment. Some patients may have a lower priority, so they can decide to treat them differently, 

receive treatment in the intensive care unit, or refuse mechanical ventilation. At times a patient feels disenfranchised for 

life-saving treatment due to pre-existing health problems. A policy that excludes the elderly, the disabled, the many 

health problems would be unfair. That is clear discrimination. A patient's ability to recover quickly compared to those 

with less rapid recovery is a discriminator [21, 29].  

3- Research Inquiry of Medical Ethics 

We discuss the ethical and procedural framework for prioritizing and screening patients during pandemic outbreaks 

such as COVID-19. The purpose is to describe a triage methodology that  

 Is transparent in assigning patient priority;  

 Follow ethical principles that integrate shared societal values, practices, and care for humanity;  

 Maximizes effective use of essential resources, such as human capital, financial capitals; and critical infrastructures 

with informed prognosis;  

 Enriches health service quality; 

 Raise public confidence in policy decision-making; 

 Improve public awareness of the global pandemic. 

The triage process for COVID-19 emerges from two different stakeholders, namely, internal and external 

stakeholders. The internal stakeholder viewpoint considers collective bioethics in responding to an internal threat of a 

healthcare institution. The aim is to decide what is fair and just in a given situation for patient care. When considering 

external stakeholders, we focus on rationalizing the principles of bioethics and human dignity in the event of a conflict. 

There are ethical principles and values within each category that need attention. 

3-1- Internal Considerations 

In this case, the process of decision-making focuses on how the healthcare system in total interacts together to provide 

the best patient care under the constrained available resources. The following factors are in order.  

 Nondiscriminatory: The triage process for implementing pandemic response measures must ensure proper medical 

care and justice for humans and assume appropriate responsibilities. Justify motives for the proposed decision. 

 Unambiguous: Policies, treatment, and recommendations for ICU admission should be open to all interested 

parties. 

 Completeness: Decisions should eliminate conflicts of interest involving the appropriate stakeholders. 
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 Reliability: The decision is consistent and robust. Ethical principles assessments must be supported by evidence 

of dignity in the event of a conflict.  

 Integrity: Front-line healthcare workers should be assisted with an opportunity to maximize integrity, minimize 

moral distress and provide emotional support. 

 Support: Teamwork between all stakeholders is vital to developing a fair decision support system. 

 Agility: the healthcare systems should be systematic in infrastructure layout appropriate to respond to an 

emergency. Relevant stakeholders should define the line of authority and subordination without any duplication. 

The healthcare system should function effectively and remain available in the future as a sustainable process.  

 Flexibility. The decision-making framework should adjust to the latest changes in case of unique knowledge 

circumstances and unexpected events. 

 Rationality: Evaluations should be Rational and not arbitrary; there should be no subjective or administrative bias; 

it should be evidence-based feasible, and the decision is subject to review. 

3-2- External Considerations 

The critical ethical principles and values related to this category include: 

 Equity: Society expects equidistribution of resources with justice. Some populations lack access to health care, 

regardless of ethnicity, socioeconomic status, structural inequalities in health, race, barriers to accessing health 

care services due to politics, location, age, disability, financial situation, health problems. When resources are 

limited, the principle of fairness will conflict in decision-making. In such a case, a decision should be considered 

equity, benefit, and harm to society.  

 Dignity: Culture, norms, values of diverse populations should be considered as much as possible. Respect for 

individual privacy and confidentiality of personal information should prevail. Decisions based on beliefs, values, 

spirituality, culture, and literacy should consider a holistic societal view.  

 Vulnerability: Care should be taken for economically, educationally, and geographically marginalized populations, 

and those who face severe burdens to access healthcare facilities, should be supported to minimize harm to society 

due to transmission of infection. 

 Harm to society. Regulation should be in place to protect the general public from harm, injury, infection due to 

risk emanating from Covid-19, any other similar disease, and severe illness or death.  

 The benefit to society: Society should focus on minimizing harm to the community while maximizing the benefits 

to the people with a decision, such as utilitarian principle, that fosters the overall health condition of the population. 

There will be a situation where striking a balance on this principle will be disturbing, but principles of social, 

ethical, moral, justice need careful evaluation in such circumstances. 

3-3- Ethical Significance 

The equal likelihood of survival of the patient, as a criterion, during an emergency or pandemic, is impartial. It does 

not include exclusion factors or non-clinical elements: religion, race, ethnicity, sexual orientation, social status, wealth, 

education, and quality of life. An ethical standard should guide a plan that reasonably recommends allocating critical 

resources. In emergencies, triage decisions should well define survival opportunities. Triage decisions should not focus 

just on long-term survival. 

3-4- Utilitarianism 

Utilitarian ethics holds that, in any case, a morally correct decision is a deliberation that produces the most significant 

benefit for all parties under consideration. Utilitarianism has some limitations when used as the sole method of ethical 

decision-making. Utilitarian estimation evaluates the benefits and costs in comparison with other alternative decisions. 

When the decision model assigns a monetary value to life, and human dignity, calculating and comparing the value of 

various benefits and costs is difficult, sometimes challenging, and controversial. If moral decisions include justice, the 

utilitarian principle itself cannot recommend, but it will influence the decision. The focus of Utilitarianism requires fair 

consideration of the direct, indirect, and long-term consequences of decisions that affect individuals, society, and 

families. The utilitarian principle requires to: 

 Identify a variety of activities that one may take in a given situation; 

 Analyze all potential benefits and problems of the given case; 

 Suggest a course of action to produce the best results after considering all negative consequences. 
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3-5- Clinical and Non-clinical Factors 

Based on the information in the preceding sections, the ethical factors for triage evaluation are shown in Table 1. 

They include clinical and non-clinical aspects. Figure 1 is the conceptual hierarchical triage evaluation process. 

Table 1. Comorbidity: Descriptions and Operationalization of critical criteria to determine patient priority 

Factor Sub-Factor Item Scale 

PF1 

 
“Disease severity (Prognosis / Comorbidity) Score based on overall conditions of a 

patient” (PF1.1 to PF1.17) 
1=Less Severe; 9=Severe disease 

PF1.1 “Cancer” 1=Early stage; 9=Advance Stage 

PF1.2 “Chronic kidney disease” - 

PF1.3 
“Chronic lung diseases, including COPD (chronic obstructive pulmonary disease), asthma 
(moderate-to-severe), interstitial lung disease, cystic fibrosis, and pulmonary hypertension” 

1=Low; 9=High 

PF1.4 “Neurological conditions: Dementia” 1=Low; 9=High 

PF1.5 “Diabetes” 1=Low; 9=High 

PF1.6 “Down syndrome” 1=Low; 9=High 

PF1.7 
“Heart conditions (such as heart failure, coronary artery disease, cardiomyopathies, or 

hypertension)” 
1=Low; 9=High 

PF1.8 “HIV infection” 1=Low; 9=High 

PF1.9 “Immunocompromised state (weakened immune system)” 1=Low; 9=High 

PF1.10 “Liver disease” 1=Low; 9=High 

PF1.11 “Overweight and obesity” 1=Low; 9=High 

PF1.12 “Pregnancy” 1=Low; 9=High 

PF1.13 “Sickle cell disease or thalassemia” 1=Low; 9=High 

PF1.14 “Smoking” 1=Low; 9=High 

PF1.15 “Solid-organ or blood stem cell transplant” 
1=Low (Simple); 9=High 

(complex) 

PF1.16 “Stroke or cerebrovascular disease” 1=Low; 9=High 

PF1.17 “Substance use disorders: (alcohol, opioid, or cocaine use disorder)” 1=Low; 9=High 

PF2 

 “Response to treatment” - 

PF2.1 “Sign of improvement (Probability of improvement due to treatment)” 1=Good sign; 9=Poor sign 

PF2.2 “Difficulty in doing activities independently” (High -Low) 
1=Easy of doing the task; 9=need 

assistance 

PF3  “Age: (Diagonosis Purpose)” 1=Young; 9=Advanced age 

PF4 

 “Dependent Responsibility (caring for someone else)” - 

PF4.1 “Maternal and infant care” Yes/No (Score No=1, Yes=9) 

PF4.2 “Dependent family members (They need support) “ Yes/No (Score No=1, Yes=9) 

PF5 

 “Surgery: if and when necessary.” 1=High Success; 9=Low Success 

PF5.1 “No Willing to do surgery (Patient)” Yes/no (score No=1, Yes=9) 

PF5.2 “Chance of successful surgery” 1=high chance; 9=poor chance 

PF6  “Rehabilitation support (Available): Resilience, Recovery.” - 

 

Figure 1. Hypothesized Decision-Making Research Framework 
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4- Research Questions 

Clinicians and policymakers require urgent patient review due to the nature of COVID-19 infection. Aziz et al. [30] 

recommend that COVID-19 patients be managed in intensive care facilities. The issues cover planning, response 

policies, family support, triage, and staff. Hulsbergen et al. [31], present an overview of ethical triage and discuss the 

main ethical principles relevant when allocating resources. They discuss a framework of four principles: maximizing 

benefits, prioritizing the worst off, equality inpatient treatment, and encouraging instrumental value. They also discuss 

screening with age criteria and comorbidity. Still, stress that some intuitive factors do not form a basis for triage. 

Mohammed et al. [32] reviewed extensive literature and reported studies on triage and prioritization. 

The two research discuss triage [33, 34], and prioritization [33] solutions for patients with chronic heart disease as a 

case study. However, they claim that these research did not aim at the combination between triage and prioritization. In 

comparison, Vinay et al. [35] discuss controversial criteria triage guidelines from professional and governmental bodies. 

The article discusses patient admission policies, including medical prognosis, life expectancy, age, quality of life, and 

ethical principles. In addition, this studies the convergence and divergence points in the shunting agreement and 

examines the moral debates related to them. Finally, Camporesi and Mori [36] highlighted Italian doctors' ethical 

dilemmas and the challenges during the Covid19 epidemic. They claim that “rationing critical healthcare resources is 

not typically a feature of healthcare systems in high-income countries, and many doctors in Italy had to decide life/death 

decisions for the first time.” According to this study, the critical resource shortage and the utilitarian triage can ethically 

justify the ‘exceptionality’ of the difficult time. The report stresses the need for an unbiased triage protocol.  

None of the articles reported on a combination of qualitative and quantitative methods to develop an algorithm for 

triage and scoring clinical and non-clinical issues. This research outlines a unique methodology and presents a triage 

algorithm that is efficient and easy to implement without much complexity. Furthermore, the algorithm is flexible 

enough to accommodate rapidly changing guidelines and agile enough to respond to an urgent situation. Moreover, the 

methodology engages all stakeholders in decision-making. Hence, it minimizes stress among the health professional. In 

the future, and currently in this study, we will explore further potential research issues. 

The moral dilemma with the front-line medical workers in an ICU poses ethical and legal challenges. Due to limited 

time, critical resources, supporting infrastructure, and human capital to support urgent medical care, the decision-making 

is complex. A fair triage process is likely to reduce stress for the decision-makers so that it is defensible, decision making 

is open, accountable, transparent, and involves essential stakeholders [37]. Equal distribution of resources is necessary 

for fairness. The moral dilemma arises due to the pandemic’s disproportionate health care support facilities. The likely 

impact would be on communities of color, people with income disparity, individuals in nursing care facilities, homeless 

people, and people with inadequate government documents. Universal ethical policies should aim at equitable 

distribution of necessary resources to respond to a pandemic. The front-line medical workers deal with stress, anxiety, 

and concern for their wellbeing. In extreme events and acute conditions during a pandemic, the triage decision-making 

raises questions about legal issues, liability, professional practice, and job security. The inherent dignity of each suffering 

from infections, the linkage between people, forced isolation, social distancing, and adhering to hygiene protocol reflect 

unity and solidarity in the community [37]. 

Due to the stress among the medical professionals and infected patients, the research problems contain other medical 

decision processes that lead to a COVID-19 patient triage algorithm. A robust method of decision-making involving 

appropriate stakeholders, without any bias, will reduce the burden of anxiety among medical professionals and patients 

alike. The research questions, therefore are, how to:  

 Identify criteria for triage screening and prioritize patients,  

 Construct an ethical decision support system (DSS) taking into account several medical and non-medical factors 

to rank patients in the triage process,  

 Collect data with case studies for triage DSS model and data analysis, 

 Design an unbiased triage algorithm to admit ICU patients, 

 Illustrate how the algorithm supports a robust triage decision model. 

4-1- Data Collection for Triage Evaluation 

Triage decision is critical and complex. This study shows a multicriteria triage policy to provide rational decisions 

considering all possible patient conditions. The hierarchy formation is necessary to collect data with a Delphi approach 

to evaluate a patient score for triage decisions. We use a case study on patient conditions listed in Tables 1 and 2 and 

Figure 1 hierarchically ethical factors in evaluating patient scores. The decision hierarchy is formed by analyzing 

information on a patient by a team of experts and a moderator who guides the evaluation and data collection process. 

The methodology presents questions to the expert evaluators’ questionnaire in a pairwise comparison matrix. All factors 
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and sub-factors form a hierarchal structure for data evaluation by employing a pairwise comparison assessment matrix 

[38-42] (Table 3). The questions offer a set of comparison elements, and a decision-maker records judgment score with 

a scale ranging from one to nine. The rankings are provided in a matrix form, as shown in Table 4. The matrix order (n 

× m) varies on the number of experts involved in decision-making and factors listed for evaluation (Table 1). The factor 

elements are subdivided into subfactors for further analysis and guide for data entry assistance. The assumption is that 

if a factor “A” is “absolutely more important” against the factor “B” and suppose that a score of 9 is assigned, then the 

factor “B” should be “absolutely less important” compared to factor “A” and the rating 1/9 is assigned. As per Table 5 

and Table 6 scale, all elements are compared pair by pair. The input values form a particular matrix pattern. This scale 

is applicable for quantitative and qualitative criteria. It is possible to use verbal responses intuitively to enable some 

ambiguity in non-trivial comparisons. 

Table 2. Case Data 

Patient Age. Sex Comorbidities Other Conditions 

#(ICU) Years  Description  

ICU#1 77 Female 

A female patient who has a health problem with high blood pressure and 

hyperlipidemia is admitted to the emergency section from a primary care unit. 
She is 77-year-old. Few people at the primary care unit are COVID-19 

positive. She had no direct contact with them. Later, she had a temperature of 

102°F and was referred to the ED. she was found to have a chest infection and 
sporadic fever. She had weakness, cough, tiredness, and palpitation. She tested 

positive, later, with COVID-19.  

During admission, she had a 101°F temperature. Her blood pressure reading 

is 148/76 mm Hg. The heart rate per minute is recorded at 100. The respiratory 
rate is 20/minutes. At room air, the saturation of oxygen level is 95%. A chest 

X-ray showed a prevalence of lung infection. The patient was admitted for 

possible pneumonia and had doubts about the COVID-19 infection. After 2 
days, the patient's condition deteriorated. She is now found to have hypoxic to 

85% oxygen saturation. She has a fever reaching 104°F. She is intubated. 

Directly, she is transferred to the ICU. The patient's condition remained 

critical in ICU. 

He has a large extended family. She is caring 

for the family members as and when required. 

She assists the family in household works. 
She is a role model and integrates the family 

socially. 

Similar other ICU admissions are listed briefly for the case study 

ICU#2 62 Male Osteoporosis, hypertension, hypercholesterolemia, diabetics, dementia 
He is a Banker and Financial investment 
specialist. He is single. 

ICU#3 80 Female 
Osteoporosis, hypertension, hypercholesterolemia, fracture, chronic 

obstructive pulmonary disease 

She is a couple and living in a home and has 
a spouse. They are mutually supporting each 

other. 

ICU#4 89 Female Osteoporosis, hypertension, hypercholesterolemia, fracture 
She lives in an old-age care facility. She is 

alone and has distant relatives. 

New Cases 

Case 1 35 Male 

The emergency department calls the ICU to admit a patient in the emergency 

room with a severe reversible brain injury after an automobile accident. He is 

young and is a driver. He got infected with COVID 19 from the passenger. 

He has a wife and two young children at 
home. He is the only bread earner. 

Case 2 70 Male 

A highly specialist medical practicing doctor, a cardiologist, got infected with 

COVID 19. His health condition is deteriorating day by day. He needs 
immediate ventilator support. He has diabetes but is in a steady state. 

He has two grown-up children and a wife. 

They are independent. His service in a 
hospital is necessary. He has a happy family. 

Case 3 46 Female 
A female teacher is COVID-19 Positive. She has diabetes and has other 

medical conditions: She is overweight and suffers from hypertension. 

She has three children and looks after the 

family, including her older parents. She is a 
single mother. She is financially well. 

Case 4 83 Male 

He is an entrepreneur and a social worker affiliated with NGO, providing 

support to the community. He is suffering from osteoporosis, hypertension, 
hypercholesterolemia, lumber plexopathy, atrial fibrillation. Due to his social 

work activities, he is now a covid-19 patient. 

He lives with extended family and runs a 

successful business employing several 
people. His business skills and advisees are 

necessary to run the business operations. 

Table 3. Data Entry Screen: Systematic Factor Comparison 

Factor Computation Expert: 1 α=0.1 CR=97% Which is more important? 

A  B  A or B? Scale: 1-9 

1) “Prognosis/Comorbidity” 
Compare with

 

2) “Response to treatment” B 5 

3) “Age: (Diagnosis Purpose)” A 4 

4) “Dependent responsibility” B 1 

5) “Surgery: if and when necessary.” A 2 

6) “Rehabilitation support” B 4 
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2) “Response to treatment” 

3) “Age: (Diagonosis Purpose)” A 9 

4) “Dependent Responsibility” A 3 

5) “Surgery: if and when necessary.” A 5 

6) “Rehabilitation support” B 1 

3) “Age: (Diagonosis Purpose)” 

4) “Dependent Responsibility” B 4 

5) “Surgery: if and when necessary.” B 7 

6) “Rehabilitation support” B 5 

4) “Dependent Responsibility” 
5) “Surgery: if and when necessary.” A 2 

6) “Rehabilitation support” B 5 

5) “Surgery: if and when necessary.” 6) “Rehabilitation support” B 4 

Table 4. Decision Matrix A (Expert: 1 and 2) 
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Expert (1 & 2) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1&2 

Prognosis & comorbidity 1 1 0.2 0.11 4 3 1 0.5 2 0.33 1 0.2 0.136 0.056 0.0892 

Response to Treatment 5 9 1 1 9 5 3 5 5 5 1 5 0.358 0.500 0.4413 

Age 0.25 0.33 0.11 0.2 1 1 0.33 0.5 0.14 0.5 0.2 0.2 0.033 0.046 0.0399 

Depend. Responsibility 1 2 0.33 0.2 3 2 1 1 2 1 0.2 0.5 0.106 0.102 0.1067 

Surgery 0.5 3 0.2 0.2 7 2 0.5 1 1 1 0.25 1 0.086 0.122 0.1028 

Rehabilitation support 1 5 1 0.2 5 5 5 2 4 1 1 1 0.281 0.174 0.22 

SUM             1 1 1 

CR: 0.079 0.063              

GCI: (Group) 0.1055               

CR: (Group) 0.028               

Lambda: (Eigen Value) 6.1782               

Shannon Entropy  = 4.464   = 1.021   = 4.559        

Mean Relative Error 26.8%               

Consensus (Group): 95.2%               

Table 5. Data Collection Reciprocal Scale 

Preference Level Scale Interpretation 

Equally Preferred 1 The two compared factors contribute equally to the objective 

Equally to Moderately 

Preferred 
2 

Intermediate values between the two adjacent judgments. The scale is applied when a middle ground is 

desirable. 

Moderately Preferred 3 From previous experiences and facts, one factor is to some extent favored over the other 

Moderately to Strong 

Preferred 
4 

Intermediate values between the two adjacent judgments. The scale is applied when a middle ground is 

desirable. 

Strongly Preferred 5 From previous experiences and facts, one factor is strongly favored over the other 

Strongly to Very Strongly 
Preferred 

6 
Intermediate values between the two adjacent judgments. The scale is applied when a middle ground is 
desirable. 

Very Strongly Preferred 7 
From previous experiences and facts, one factor is very convincingly favored over the other. Several times, 
the importance is demonstrated 

Very Strongly to 

Extremely Preferred 
8 

Assign values in-between the two neighboring judgments. The scale ensues when an intermediate range is 

desirable. 

Extremely Preferred 9 The highest probability and with confidence one factor are favored over the other 

Reciprocals  

Suppose a factor, denoted as “i”; has a rated value allocated to “i” when evaluated by the activity number, 

say; “j”; at that time, “j” will have the multiplicative inverse value after being matched through the 
corresponding element, “i”. Thus, the diagonal elements in the data matrix are recorded as inverse values. 

Compare with



Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 95 

Table 6. Guideline: Expert Opinion and Recommendation in a Pairwise Evaluation of Assessment 

 In case of Factor A is more important than Factor B, please suggest and record a score (One value from 1 to 9)   

Measure:        1 = Alike       3 = Reasonable       5 = Strong        7 = Especially Strong        9 = Maximum 

   Most Significant     Alike    Most Significant   

          Factor                   

 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9  

  A ……………………………………..  ………………………………… B   

 In case of Factor B is more important than Factor A, please suggest and record a score (One value from 1 to 9)   

Measure:       1 = Alike       3 = Reasonable       5 = Strong        7 = Especially Strong        9 = Maximum 

   Most Significant     Alike    Most Significant   

          Factor                   

 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9  

  A ……………………………………..  ………………………………… B   

5- Primary Data Collection 

Table 1 lists factors that are likely to impact the patient’s priority. It includes clinical and social factors considering 

human dignity and social ethics. IIn stage one, these factors are prioritized to initiate the triage algorithm. The bottom 

row in the hypothesized model includes the four ICU admitted patients (Table 2). In stage two, the algorithm evaluates 

the cases of each patient with the six predefined criteria. Finally, stage three involves ranking the four patients based on 

the six clinical and non-clinical criteria. 

5-1- Data Clinical and Non-clinical Factors Leading to Ethical Considerations 

Table 1 summarizes the clinical and non-clinical factors for triage and patient screening based on the discussions in 

sections 2 and 3. There are six factors identified as PF1, PF2,...., and PF6. In addition, sub-factors can exist for each 

element. This factor information on comorbidity, along with explanations and pertinent information, is provided to 

experts to assess a patient's condition. Table 2 lists the needs of the patients' cases. 

5-2- Case study - Priority Setting in an ICU and Initial Scenarios 

Hospitals in developing countries specialize in trauma treatment and have large emergency rooms. The ICU is 

supporting the hospitals. In a COVID-19 outbreak, hospitals will transform to provide care for COVID19 patients. All 

patients of any age are competing for ICU. A patient of 65 years or older with certain medical conditions is at risk of 

contracting COVID-19. Patients may require instrumentation that entails hospitalization and special attention intensive 

care for severe complications and may face life-threatening situations, including death [43-48]. The ICU is operating at 

maximum capacity. The occupancy rate is at the lowest. 

Scenario 1: The ICU facility is in total capacity (No Occupancy); 

Scenario 2: Just now, an ICU patient passes away. There is now a bed available; 

Scenario 3: Few patients in ICU have complex comorbidity and poor prognosis. 

Question: How the emergency support will allocate resources to the potential new admitted covid-19 patient? 

Rationale: By combining utilitarian ethics, defined as the pursuit of the greatest good for the most significant number, 

and agnostic ethics conceptualized as a principle that claims the existence of God, we can rank all the potential covid-

19 patients by using a multicriteria assessment method. 

5-3- Data Collection Process 

The scales shown in Table 5 and Table 6 are the first step necessary for data collection. Critical criteria or elements 

of judging are weighted using expert opinion. The scale ranges between 1 to 9. Table 3 shows the data entry mode using 

pairwise comparison of factors. Table 7 shows how pairwise comparisons between factors. Data collection is in [n × m] 

matrix format. The diagonal elements of the factor have reciprocal values. Table 8 is a typical example of basic data 

entry. Pairwise comparison between two competing factors one at a time determines expert opinion. This data is 

necessary to calculate the prognostic factor score (PF1) to rank the severity and severity of the patient's illness described 

in Cases 1, 2, 3, and 4. The data and algorithm rank the morbidity factors PF1.1 through PF1.17 based on the scores 

obtained in expert opinion. 
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Table 7. Pairwise comparison matrix (Factor and Criteria)  

𝐶𝑟𝑖 𝐶1  𝐶2

𝐴𝑙𝑡 𝑤1  𝑤2

𝐴1
𝑟 𝑎11

𝑟 𝑎12
𝑟

 

𝐶3 𝐶4 𝐶5

𝑤3 𝑤4 𝑤5

𝑎13
𝑟 𝑎14

𝑟 𝑎15
𝑟

. . . . 𝐶𝑘

. . . . 𝑤𝐽

. . . . 𝑎1𝐽
𝑟

 

𝐴2
𝑟  𝑎12

𝑟 𝑎22
𝑟

 ⁞ ⁞ ⁞
𝐴𝐼

𝑟 𝑎𝐼1
𝑟 𝑎𝐼2

𝑟

 𝑎23
𝑟 𝑎24

𝑟 𝑎25
𝑟

⁞ ⁞ ⁞
𝑎𝐼3

𝑟 𝑎𝐼4
𝑟 𝑎𝐼5

𝑟

. . . . 𝑎2𝐽
𝑟

⁞ ⁞ ⁞
. . . . 𝑎𝐼𝐽

𝑟
 

Table 8. Decision Matrix (Factor Comparison between elements) Expert:1 

 Prognosis & comorbidity Response to Treatment Age Depend. Responsibility Surgery Rehabilitation support 

 1 2 3 4 5 6 

1 1 0.2 4 1 2 1 

2 5 1 9 3 5 1 

3 0 0.111111 1 0.33 0.143 0.2 

4 1 0.333333 3 1 2 0.2 

5 1 0.2 7 0.5 1 0.25 

6 1 1 5 5 4 1 

The second step involves experts' opinions recorded back into the software (Table 3) to evaluate and prepare pairwise 

comparison factor: PF1 to PF6. This step aims to determine the priority among the individual factors (PF1, PF2, ..., 

PF6). The reliability and consistency of data collection and data analysis are discussed later. 

In the third phase, patients with each patient's case reported in the ICU are estimated with factors PF1, PF2, ..., PF6. 

Finally, experts enter opinions as a ranked value in the software [38] as comparison scores between factors for each 

patient. 

In the fourth step, the algorithm evaluates the internal consistency of the data and the test for group consensus between 

experts (Equations 1 to 5, and “CR”, Consistency ratio, in Table 9). Results are tested for consistency ratio, group 

consensus, and patient priority. Reliability of expert response, validation, and internal data accuracy are discussed in 

Section 8 of the methodology. For decision-making, this algorithm determines a triage score. CR measures the accuracy 

of an assessment with a sample of random decisions. Expressed opinions with a CR significantly greater than 0.1 are 

unreliable, and thus, data show randomness. In other words, the data is inconsistent, and a reevaluation is preferred. 

Table 9. Consistency Ratio Measurement with Random Indices ( n = 1 to 10) [45, 46] 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

5-4- Data Collection Software 

Decision support systems in medical applications are available in the literature with diverse issues [35-44]. But the 

quantification of triage decisions with ethical issues is rare in literature. The “analytic hierarchic” process is one of the 

DSS that systematically analyzes the judgments of several experts for unbiased decisions [36, 40]. But there is rare 

literature that illustrates ethical triage sequential decision incorporating clinical and non-clinical ethical factors. This 

study will identify a triage algorithm that will consider necessary medical conditions present or absent among the patients 

to evaluate and rank based on the survival chance, social factor, and human dignity. The sequential analysis illustrates 

the ranking of decisions with four unique patients. 

We analyze case studies of ICU patients in a combination of Delphi approach bioethics and social ethics criteria. 

Brainstorming sessions are planned with medical experts in virology and intensivist to collect data. Table 8 is an 

illustration of a data collection format. The evaluation between ethical factors is a unique documentation technique for 

collecting data. The computer software helps organize data in tabular and matrix form [38]. The Delphi data collection 

method involves brainstorming sessions with two experts. In phase one of the data collection, the experts get assistance 

with the software to decide the significance and weightage of the ethical factors under consideration. The triage model 

records data with the estimates of the pairwise evaluation of factors attributes for the six classified criteria., the relative 

weights of the factor elements are first assessed from the inputs judged by the experts, as shown in Table 4. 
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5-5- Secondary Data 

The medical history of patients determines the patient condition and status. Further, the clinical data are reviewed in 

light of the factors for triage decisions. Finally, the software input is gathered from expert opinion on the social-ethical 

aspects and patient conditions by factor-wise comparison. 

6- Research Methodologies 

Consider that j=n number of criteria elements are compared, C1, C2…, Cj, and when compared pairwise, a matrix of 

[j x j] is formed in terms of the relative comparison score. Define priority or relative “weight” of the element Ci for Cj 

with [aij] and document a matrix that is a square in nature, A=[aij], of order j. The desirable requirement is that all the 

element 𝑎𝑖𝑗
𝑟 =

1

𝑎𝑗𝑖
𝑟 ; for all i ≠ j, and all aii = 1. It should form a reciprocal [aij] matrix, where r=1,2….,R, indicating the 

[aij] matrix is the input from rth respondent. The notation A1, A2, ….,.AI; suggests alternatives i=1,2,….I; and the notation 

C1, C2, ….,.CJ; shows evaluation criteria j=1,2,….J. The pairwise performance evaluation of alternatives Ai under criteria 

Cj is denoted by [aij]. The [aij] pairwise comparison matrix elements are the rank score between alternatives i and j, 

evaluated by respondent number or expert number r. the vector index wj represents the weight of the criterion Cj and the 

sum of all weight equal to one [45, 46] (∑ 𝑤𝑗
𝑟𝐽

𝑗=1 = 1). Normalizing the evaluation score allows the data to be a 

dimensionless entity to compare the criteria. The normalized vector is defined as 𝑎̂𝑖𝑗
𝑟 =

𝑎𝑖𝑗
𝑟

∑ 𝑎𝑖𝑗
𝑟𝐼

𝑖=1

 (𝑗 = 1,2, … , . 𝐽) . The 

priority is defined as 𝑝𝑖
𝑟 =

∑ 𝑎̂𝑖𝑗
𝑟𝐽

𝑗=1

𝐽
. 

The weights are consistent such that the necessary condition for matrix [aij] = [aikakj] is valid for all i, j, and k (Element 

“i” is compared with element “j” and k denoting the number of elements or criteria). The pairwise comparison matrix 

score is consistent if for all comparison [aij] follow the transitivity rule ([aij] = [aikakj]) and reciprocity condition [47-50] 

(𝑎𝑖𝑗
𝑟 =

1

𝑎𝑗𝑖
𝑘 ). 

Let, j=n for a national purpose, where n number of elements need a comparison. The eigenvector “ω” of order n will 

have an and eigenvalue “λ” such that Aω = λω. For the matrix, A=[aij], and λ = n. Data entry in matrices includes human 

judgments by participants. The judgments are unreliable if the condition [aik ]= [aijajk] does not hold to a large extent. 

The vector “ω” may fulfill the equality {Aω= λmaxω}, and that {λmax ≥ n} is valid. Among “λmax” and “n” the variance 

shows the measure of discrepancy in judgments. The judgment is consistent if the expression {λmax -n=0} holds [35]. 

The maximum eigenvalue is (𝜆𝑚𝑎𝑥) = ∑ 𝑤𝑖𝑐𝑖
𝑛
𝑖=1 . The index “𝑤𝑖  ” is the weight or priority vector, and the index c𝑖; 

defines the sum of the column. The CI, Consistency Index computes 𝐶𝐼 as =
𝜆max−𝑛

𝑛−1
. The Consistency Ratio (CR) is 

obtained by taking the ratio between the CI for the set of judgments and RI; the Random Consistency Index; for the 

matching random index defined as 𝐶𝑅 =
𝐶𝐼

𝑅𝐼
< 0.10. The RI is available from Table 9. If the CR >0.1, the decisions are 

unpredicted, and conclusions are unreliable [51]. In practice, CR values > 0.1 sometimes are accepted due to the 

complexity of the data collection method involving expert opinion [52]. If CR = 0, it implies that the judgment is entirely 

consistent. The group consensus indicator is the Shannon beta entropy [53] for n number of criteria and k number of 

participants. Thus, decision-making and Group Consensus Indicator (GCI) express Shannon beta, gamma, and alpha 

entropy. 

Shannon BETA entropy  𝐻 = 𝐻 − 𝐻 (1) 

Shannon ALPHA entropy, defined as: 𝐻 =
1

𝑘
∑ ∑ [−𝑤𝑗

𝑛
𝑗=1

𝑘
𝑖=1 𝑙𝑛(𝑤𝑗)] (2) 

Shannon GAMMA entropy, defined as: 𝐻 = ∑ [−𝑤𝑎𝑣𝑔
𝑛
𝑖=1 𝑙𝑛(𝑤𝑎𝑣𝑔)] (3) 

 𝑤𝑎𝑣𝑔 =
1

𝑘
∑ 𝑤𝑗𝑘

𝑘
𝑗=1   (4) 

 𝑤𝑖 =
∑ 𝑎𝑖𝑗

𝑛
𝑗=1

∑ ∑ 𝑎𝑖𝑗
𝑛
𝑗=1

𝑛
𝑖=1

  (5) 

The test of CR is useful in decision-making. A higher consistency ratio; CR > 10%; implies an unreliable outcome. 

Accumulation of individual judgments by experts is calculated with a geometric mean of all decision matrices to 

derive a group consensus indicator (GCI). The value of the GCI ranges from 0% to 100%. A value corresponding to 0% 

implies no consensus, while a 100% GCI shows complete agreement. The Shannon alpha and beta entropy (Equation 1) 



Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 98 

computes the GCI, which measures the consistency of priorities between the participants. In addition, the GCI measures 

the degree of inconsistency in assessments and the convergence of expert assessments among members involved in 

decision-making. We derive GCI from Shannon's alpha, beta, and gamma entropies (Equations 1 to 5). It determines the 

convergence of the respondents' consensus. A consensus score >75% is judged reliable. As an example, Tables 10 to 13 

and Table 14 have a consensus score above 90%, while the consensus score in Table 15 is below 90%. The score is 

86.3%. Therefore, there is minor concern about patient case 3 between the experts. However, it implies there is some 

conflict of opinion between the experts. 

Table 10. Decision Matrix A: About Patient Case 1 (Expert 1 and 2) 

Criterion 
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Expert (1 & 2) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1&2 

Prognosis & comorbidity 1.00 1.00 0.33 3.00 0.20 1.00 0.13 0.50 0.14 3.00 0.5 1.00 0.036 0.161 0.09 

Response to Treatment 3.00 0.33 1 3.00 0.33 0.20 0.17 0.14 0.33 0.20 0.33 0.20 0.064 0.035 0.05 

Age 5.00 1.00 3 3.00 1.00 1.00 0.33 0.20 0.2 0.50 0.33 0.25 0.103 0.093 0.11 

Dependent Responsibility 8.00 2.00 6 3.00 3.00 5.00 1.00 1.00 0.33 5.00 2 3.00 0.247 0.387 0.34 

Surgery 7.00 0.33 3 3.00 5.00 2.00 3.00 0.20 1 1.00 4 0.20 0.409 0.095 0.21 

Rehabilitationn support 2.00 1.00 3 3.00 3.00 4.00 0.50 0.33 0.25 5.00 1 1.00 0.141 0.229 0.2 

SUM             1 1 1 

CR: 0.095 0.082              

GCI: (Group) 0.233               

CR: (Group) 0.063               

Lambda: (Eigen Value) 6.3978               

Shannon Entropy  = 4.614    = 1.094    = 5.049         

Mean Relative Error 0.395               

Consensus (Group): 0.801               

Table 11. Decision Matrix A: About Patient Case 2 (Expert 1 and 2) 

Criterion 
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Expert (1 & 2) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1&2 

Prognosis & comorbidity 1 1 0.25 3 0.143 0.333 1 1 1 1 0.2 0.5 0.064 0.115 0.09 

Response to Treatment 4 0.333 1 1 0.5 0.2 1 1 1 1 1 0.167 0.164 0.057 0.05 

Age 7 3 2 5 1 1 1 3 1 5 0.5 0.333 0.202 0.251 0.11 

Dependent Responsibility 1 1 1 1 1 0.333 1 1 1 1 0.2 0.143 0.112 0.072 0.34 

Surgery 1 1 1 1 1 0.2 1 1 1 1 0.333 0.143 0.122 0.066 0.21 

Rehabilitation support 5 2 1 6 2 3 5 7 3 7 1 1 0.337 0.439 0.2 

SUM             1 1 1 

CR: 0.089 0.055              

GCI: (Group) 0.1170               

CR: (Group) 0.032               

Lambda: (Eigen Value) 6.1978               

Shannon Entropy  = 4.861    = 1.027    = 4.99         

Mean Relative Error 0.282               

Consensus (Group): 0.940               
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Table 12. Decision Matrix A: About Patient Case 3 (Expert 1 and 2) 

Criterion 
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Expert (1 & 2) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1&2 

Prognosis & comorbidity 1 1 1 3 0.33 3 0.2 0.33 1 1 0.25 1 0.070 0.163 0.11 

Response to Treatment 1 0.33 1 1 2 0.33 0.33 0.33 1 1 2 0.2 0.145 0.060 0.1 

Age 3 0.33 0.5 3 1 1 0.33 0.33 5 1 2 0.2 0.181 0.086 0.13 

Depend. Responsibility 5 3 3 3 3 3 1 1 4 3 3 0.5 0.395 0.251 0.33 

Surgery 1 1 1 1 0.2 1 0.25 0.33 1 1 0.33 0.14 0.070 0.081 0.08 

Rehabilitation support 4 1 0.5 5 0.5 5 0.33 2 3 7 1 1 0.138 0.359 0.24 

SUM             1 1 1 

CR: 0.087 0.081              

GCI: (Group) 0.1017               

CR: (Group) 0.027               

Lambda: (Eigen Value) 6.1713               

Shannon Entropy  = 4.944    = 1.063    = 5.255         

Mean Relative Error 0.261               

Consensus (Group): 0.863               

Table 13. Decision Matrix A: About Patient Case 4 (Expert 1 and 2) 

Criterion 

P
r
o

g
n

o
si

s 
&

 

c
o

m
o

r
b

id
it

y
 

P
r
o

g
n

o
si

s 
&

 

c
o

m
o

r
b

id
it

y
 

R
e
sp

o
n

se
 t

o
 

T
r
e
a

tm
e
n

t 

R
e
sp

o
n

se
 t

o
 

T
r
e
a

tm
e
n

t 

A
g

e
 

A
g

e
 

D
e
p

e
n

d
e
n

t 

R
e
sp

o
n

si
b

il
it

y
 

D
e
p

e
n

d
e
n

t 

R
e
sp

o
n

si
b

il
it

y
 

S
u

r
g

e
r
y

 

S
u

r
g

e
r
y

 

R
e
h

a
b

il
it

a
ti

o
n

 

su
p

p
o

r
t 

R
e
h

a
b

il
it

a
ti

o
n

 

su
p

p
o

r
t 

N
o

r
m

a
li

z
e
d

 S
c
o

r
e
: 

E
x

p
e
r
t:

1
 

N
o

r
m

a
li

z
e
d

 S
c
o

r
e
: 

E
x

p
e
r
t:

2
 

N
o

r
m

a
li

z
e
d

 S
c
o

r
e
: 

E
x

p
e
r
t:

1
&

2
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Prognosis & comorbidity 1 1 0.111 7 0.111 0.143 1 1 0.2 1 0.111 0.143 0.027 0.102 0.05 

Response to Treatment 9 0.143 1 1 0.2 0.2 3 2 3 2 0.333 0.333 0.139 0.083 0.1 

Age 9 7 5 5 1 1 8 8 7 7 0.5 1 0.347 0.364 0.37 

Depend. Responsibility 1 1 0.333 0.5 0.125 0.125 1 1 0.333 1 0.143 0.111 0.035 0.046 0.04 

Surgery 5 1 0.333 0.5 0.143 0.143 3 1 1 1 0.143 0.143 0.071 0.049 0.06 

Rehabilitation support 9 7 3 3 2 1 7 9 7 7 1 1 0.381 0.356 0.38 

SUM             1 1 1 

CR: 0.079 0.082              

GCI: (Group) 0.1207               

CR: (Group) 0.033               

Lambda: (Eigen Value) 6.2049               

Shannon Entropy  = 4.106    = 1.016    = 4.172         

Mean Relative Error 0.29               

Consensus (Group): 0.963               



Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 100 

Table 14. Patient Rank with the Multi-Factor Triage Algorithm, (MUFTA) (Expert 1) 

Patient Respondent 1 

 Prognosis & comorbidity Resp.Treat Age Depend.Resp. Surgery Rehab.support Normalized Rank 

Case: 1 0.036 0.064 0.103 0.247 0.409 0.141 0.181 

Case: 2 0.064 0.164 0.202 0.112 0.122 0.337 0.326 

Case: 3 0.070 0.145 0.181 0.395 0.070 0.138 0.356 

Case: 4 0.027 0.139 0.347 0.035 0.071 0.381 0.137 

Table 15. Patient Rank with the Multi-Factor Triage Algorithm, (MUFTA) (Expert 1 and 2) 

Patient Consolidated (Respondent 1 & 2) 

 Prognosis & comorbidity Resp.Treat Age Depend.Resp. Surgery Rehab.support Normalized Rank 

Case: 1 0.086 0.051 0.111 0.345 0.208 0.199 0.281 

Case: 2 0.086 0.1 0.237 0.092 0.09 0.395 0.280 

Case: 3 0.086 0.1 0.237 0.092 0.09 0.395 0.280 

Case: 4 0.048 0.098 0.369 0.042 0.063 0.379 0.158 

7- Data Analysis 

The algorithm uses qualitative and quantitative data in a matrix, and ranked order information is derived. This 

algorithm transforms a complex problem into interpreting details in a hierarchy. First, the triage issue forms sub-

problems into various stages such that it forms a hierarchical pairwise relationship for data acquisition. Next, create a 

feedback structure for judgments by comparing factors pair by pair to a ratio scale, taking one patient at a time. Finally, 

the factor scores are analyzed systematically to build a decision alternative. The uppermost of the hierarchy is the critical 

aim of a triage decision. The lowermost levels are the clinical, non-clinical, and secondary criteria that impact the 

purpose. Finally, the bottom level forms a structure to compare the secondary criteria for evaluating the decision. Thus, 

the algorithm conceptually involves four main phases. 

In phase 1, the expert judges compare factors pairwise, and the software estimates a normalized weight [38]. 

Normalization is a dimensionless process, resulting in a scalar quality for unbiased decisions. As illustrated in Table 5, 

the scale assigns pairwise factor comparisons to score at each level, and Table 6 is the guide for relative importance in 

comparison. Table 3E is the result of data collection in the form of a matrix. 

In phase 2, a priority vector is defined. Denote the normalized vector as 𝑎̂𝑖𝑗
𝑟 =

𝑎𝑖𝑗
𝑟

∑ 𝑎𝑖𝑗
𝑟𝐼

𝑖=1

 (𝑗 = 1,2, … , . 𝐽) . The priority 

is defined as 𝑝𝑖
𝑟 =

∑ 𝑎̂𝑖𝑗
𝑟𝐽

𝑗=1

𝐽
. 

In phase 3, the CI and CR values are estimated. Figure 2 is the Hypothesized framework of the triage decision as 

proposed in this research. It defines as Multi-Factor Triage Algorithm (MUFTA). The positive reciprocal matrices 

(Table 7) are the expert evaluators' data entry results of pairwise comparisons of factors. This matrix finds the 

eigenvector and eigenvalue. The consistency ratio measures consistency in data entry by pairwise factor judgments. If 

the magnitude of the consistency index (CI >0.1) is high, the decision is inconsistent, and reevaluation is deemed 

necessary. Thus, it is a measure of the reliability of the study.  

 

Figure 2. Hypothesized framework of the triage decision Multi-Factor Triage Algorithm, (MUFTA) 

In the fourth stage, the algorithm evaluates the alternative decisions. Ultimately, the algorithm either recomputes the 

priority of the ethical factors under consideration or the relative importance of the weighted average score among the 

expert opinion is found. The highly ranked patient is the one who needs more attention than others. 
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7-1- Assessment Criteria 

The experts receive patient information without the identity of the patient. The six predetermined factors built into 

the software during the evaluation process are provided to doctors for expert opinions to compute factor scores. Table 4 

is the exhibit of the data gathering process. In the second phase, the factors attribute for the six identified criteria with 

the patient cases (Case 1, 2, 3, and 4) are evaluated with the guided input of the experts assisted by the software. First, 

consider each patient's case. Then compare the ethical factors PF1 with PF6 and rank them according to their relative 

importance. Triage decision is now based on the six criteria related to the four patients. Tables 10 to 13 are the matrix 

data recorded by the experts. 

Table 4 is the decision matrix generated by the MUFTA where expert 1 and expert 2 data are combined and 

independent evaluation shown. The CR by experts 1 is 7.9% and 6.3%, respectively. The CR is below 10%, implying 

that the experts' data and opinions are reliable. The pairwise factors comparison evaluates the priority of ethical factors. 

In other words, it shows how ethical factors are ranked. The scale applied is explained in Table 5 and Table 6. Note that 

the Expert 1 and Expert 2 data are recorded under columns 1 and 2 as tabulated in row number 2. The corresponding 

diagonal elements are the inverse value selected by the respondent. The CR for the consolidated score is 2.8%, which is 

well below the CR critical value of 10%. Furthermore, the “group conscious” ratio is 95.2%, which is above 75%. It 

implies that data is not much in disagreement or controversy. Compute these values using the Shanon alpha, beta, and 

gamma entropy. 

Figure 3 shows the factor ranking by the experts when all information is combined. Factor 2, which is a non-clinical 

factor, is ranked high. Figures 3 and 4 are the similar factor scores judged by expert 1 and expert 2 individually. The 

results are consistent. 

 

Figure 3. Expert 1 and 2 Evaluation (Factor Priority) 

 

Figure 4. Expert 1 Evaluation (Factor Priority) 
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Figure 5. Expert 2 Evaluation (Factor Priority) 

Tables 10 to 13 are the decision matrix for patient case 1, 2, 3 and 4 (Table 2). The decisions are recorded by expert 

1 and expert 2. The clinical and non-clinical factors (Table 1) are compared pairwise for all the patients by a scale 

defined in Tables 3, 5, and 6. 

Table 10 is the decision matrix generated by the MUFTA when expert 1 and expert 2 data are listed individually. The 

CR by experts 1 is 9.5% and 8.2%, respectively. In both cases, the CR is below 10%. Therefore, the opinion expressed 

by the experts is dependable. The pairwise factors are evaluated systematically for patient 1 (Table 10). The reciprocal 

scale as applied is explained in Table 3A and Table 3D. Note that row number 3 (Table 10) is the listing of the opinion 

of Expert 1 and Expert 2. Data entries are recorded under columns numbered 1 and 2 as tabulated in row number 3. The 

corresponding diagonal elements are the inverse value selected by the respondent. The CR for the consolidated score is 

6.3%, which is well below the CR critical value of 10%. It implies that data recorded by the experts are in agreement. 

The maximum eigenvalue computed is 6.197. 

The Shanon alpha, beta, and gamma entropies are 4.614, 1.094, and 5.049. The “group conscious” ratio is 80.1% 

which is above 75%. Therefore, we infer that the data is acceptable. Table 11 to 13 list values for patient cases 2, 3, and 

4, respectively. 

Applying the MUFTA, all the patient cases and the factors are listed in Table 15. The normalized score is the patient 

priority. The result is listed in the vector format: 

[Patient: 1 Patient: 2 Patient: 3 Patient: 4]T = [0.281 0.280 0.280 0.158]T 

The consolidated score shows that patient cases 1 and 2 are equally ranked. Similarly, the results listed in Table 14 

and Table 16 show that all the patients are classified distinctly. Finally, use an equally likelihood expected score to break 

any tie, as shown in Table 17 and the algorithm finally ranks the patients. 

Table 16. Patient Rank with the Multi-Factor Triage Algorithm, (MUFTA) (Expert 2) 

Patient Respondent 2 

 Prognosis & comorbidity Resp.Treat Age Depend.Resp. Surgery Rehab.support Normalized Rank 

Case: 1 0.161 0.035 0.093 0.387 0.095 0.229 0.298 

Case: 2 0.115 0.057 0.251 0.072 0.066 0.439 0.213 

Case: 3 0.163 0.060 0.086 0.251 0.081 0.359 0.300 

Case: 4 0.102 0.083 0.364 0.046 0.049 0.356 0.189 

Table 17. Patient Rank with the multicriteria decision support system 

Patient Expert Rank Combined Rank Average Score Rank 

Case 1&2 1 2 1&2 1 2 1&2, 1, 2 Equally Weighted Patient 

Case: 1 0.281 0.181 0.298 1 3 2 Undecided 0.254 3 

Case: 2 0.280 0.326 0.213 2 2 3 2 0.273 2 

Case: 3 0.280 0.356 0.300 2 1 1 1 0.312 1 

Case: 4 0.158 0.137 0.189 4 4 4 4 0.161 4 
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Table 17 is the experts' rank of patients’ issues individually and as a consolidated score. The analysis shows that 

patient case 1 is undecided as no clear ranking emerged. To break the tie, an average score is determined. The decision 

of the experts individually and combined are weighted equally. The average score provides a clear ranking as listed 

below: 

[Patient: 1 Patient: 2 Patient: 3 Patient: 4]T = [0.254 0.273 0.312 0.161]T   

[Patient: 1 Patient: 2 Patient: 3 Patient: 4]T = [3  2 1 4]T. 

The triage result shows that patient case 3 scores high as 1 implies top priority. 

7-2- Discussion 

Three primary phases are necessary for the algorithm to evaluate. In phase 1, all the ethical factors are prioritized, 

followed by each patient evaluation against the selected ethical aspects. Finally, the patients are ranked as per the triage 

scores in the final step. First, the algorithm's power is the measurement of consistency ratio that demonstrates the 

reliability measurements for clinical and non-clinical ethical factors. Consequently, it implies that all experts recorded 

a homogeneous response for a patient competing for ICU equipment and its ranking. Second, Table 1 is an essential 

factor in prioritization data to rank patients. Finally, priorities of ethical aspects and patient conditions provide a 

meaningful ranking order of patients. 

In the case of patient 1, the hierarchical assessment posed a problem. From Table 10, we see the group consensus 

ratio was 80.1%, and the score exceeded 75%, but this perhaps created a dilemma. It suggests that experts’ opinions are 

different. A value above 90% is probably better. In this case, a review of the score is possible as long as time and 

resources allow; otherwise, it can be remedied in the same way as shown in Table 17. A tiebreak between the expert 

opinion classifies a patient's rank. As COVID-19 continues, the need for rapid classification under critical conditions 

[54] is a crucial tool with a software evaluation. 

The suggested algorithm (MUFTA) is suitable for various triage factors for clinical ethical decisions. The triage 

algorithm is flexible in applying different criteria and evaluating triage decisions. It estimates scores with the help of 

expert opinions and their experiences. We analyze the responses of two selected experts as shown in Tables 4 and 10 to 

13 and Figures 3 to 5. The expert opinion of the two judges sets the priority of the six comparative criteria. As the 

analysis shows, the consensus of respondents is reliable and consistent. Data on complications for the four patients are 

processed to determine patient rankings. Experts use a comparative scale shown in Table 6 to record instantaneous 

morbidity information by comparing two assigned factors. Pairwise comparison of ethical factors forms a matrix leading 

to data collection (Tables 3 and 4). The matrix contains input data on ethical aspects, both social and medical, to create 

a priority vector. Then, the software generates a questionnaire to collect the data. Figures 1 and 2 are the conceptual 

framework of evaluation.MUFTA offers options for determining each criterion and patient rating (Tables 14, 16, and 

17). 

This algorithm allows decision-makers to find cognitive biases that can influence judgments. This process is a 

transparent decision-making process. This methodology is efficient in structuring problems in decision-making 

frameworks. However, if the decision is multifaceted, the comparison process can be slow due to reassignment of 

priority. The clarity in policymaking is at a disadvantage to business owners interested in manipulating results. Group 

decision-making can make it difficult for the Delphi process to handle consistency without professional multi-skilled 

facilitation. A minimum of two experts in the medical field is necessary to evaluate the triage decision and an 

experienced triage matron as a moderator. A committee of five involving one representative of patients and a senior 

hospital administrator is recommended for the triage review and debriefing committee. 

Algorithms using quantitative and qualitative methods for COVID-19 triage are rare in literature. The algorithm 

reported in WHO (WPR/DSE/2020/009) [55] aims to give overall guidance for the triage and referral of symptomatic 

COVID-19 patients. This triage SOP is in the context of the COVID-19 pandemic. It does not replace routine clinical 

triage SOPs in place in healthcare facilities. In contrast, the algorithm [56] provides a general framework for local health 

systems, ministries of health, hospital administrators, and health workers working on planning COVID-19 patient triage, 

management, and referral. Jänig et al. [57] presented SAINT for the Intensive Care Unit Triage algorithm. It is an 

approach that fits the specific entities that determine the framework of the particular military health system abroad. 

Turcato et al. [58] evaluate the inclusion of pre-triage during the COVID-19 outbreak at Merano General Hospital in 

Italy. They implement a pre-triage protocol to divide patients based on their risk of infection. Pre-triage performance is 

measured in sensitivity, specificity, and negative predictive value. All patients who require an emergency department 

visit are admitted to triage to distinguish between immediate care and those who can safely wait. This algorithm, 

however, is insufficient to account for a variety of ethical factors. 

The triage algorithms available in the literature are specific in context, and the presented algorithm is global rather 

than limited in application or regional. 
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8- Conclusion 

The presented triage algorithm is a tool for health care professionals to simplify the challenging task of triaging. The 

team leader is responsible for the triage decisions. The proposed algorithm will help reduce stress and relieve the 

individual's decision-making risk, ethical judgment, critical medical needs, and admission policies in the emergency 

section. This study shows multiple ethical criteria evaluations that lead to patient screening and ranking. The algorithm 

is flexible enough to accommodate various bio-ethical and social factors. The advantage of decision-making algorithms 

is that the measurement of the evaluation process identifies inconsistencies, if any. The pairwise comparison essentially 

constructs a matrix in the form of coherence and group consciousness ratios. A high percentage of consistency represents 

an inconsistent evaluation or measurement process. A good consistency ratio is less than 10%. In some cases, 

consistency ratios of over 10% are accepted [52]. The reliability of data collection and the internal consistency of data 

analysis are strong when the triage decision has a “CR” of less than 10%. This may suggest that data collection and 

evaluation are consistent [59]. 

Data collection reliability for triage decisions is inconsistent and nonrobust if the “CR”> 10%. Therefore, if the “CR” 

exceeds 10%, the irregularity of judgment is determined. The “group-conscious ratio” value above 90% should have an 

overall unbiased assessment in the ranking process. A low metric allows the Delphi team to review the evaluation process 

during the data entry phase. The software supports this procedure, so one can quickly and easily see all the metrics for 

a better ranking process. This algorithm shows how classification decisions are made based on several ethical factors. 

The proposed algorithm can distinguish between minor, severe, and risky conditions in infected patients. It results in 

patients' fair ranking and placement because of the number of patients infected with COVID-19 or its variants. However, 

due to the inability to provide services to all patients, the patient triage guidelines are under tremendous pressure. 

Therefore, if circumstances permit, it is urgent to expand the facility with military logistics cooperation. Furthermore, 

the government's CAPEX budget should release emergency investment funds to support the spread of national disasters. 

The reason for this recommendation is that all lives are equal. In an accident, the health care system needs support to 

help patients in need and protect human dignity. In this case, the rule of Utilitarianism applies. Therefore, experts, 

policymakers, hospital managers, and stakeholders can benefit from the proposed method. 

This study has limitations if the patient’s comorbidity history is unavailable for scoring systems. In this case, the 

score depends on the patient’s responses and the understanding of the triaging officer. The quality and statistics of the 

patient data will significantly influence the triage score. Here, the triage score may require validation before arriving at 

a decision. COVID-19 and its variants, including Omicron, have high variability of infection and transmission from one 

individual to another. The microbiology of the disease is not yet thoroughly studied for the several variants that appear 

in the human body with different clinical symptoms. Therefore, there will likely be some degree of misjudgment in the 

triage score. 

9- Declarations  

9-1- Author Contributions 

Conceptualization, S.A.; methodology, S.A.; validation, S.A.; formal analysis, S.A.; investigation, S.A., and R.A.S.; 

resources, S.A., and R.A.S.; data curation, S.A.; writing—original draft preparation, S.A.; writing—review and editing, 

S.A.; visualization, S.A., and R.S.A.; supervision, S.A., and R.S.A; project administration, S.A.; funding acquisition, 

S.A. All authors have read and agreed to the published version of the manuscript. 

9-2- Data Availability Statement 

The data presented in this study are available on request from the corresponding author.  

9-3- Funding 

The Ministry of Education, Kingdom of Saudi Arabia, sponsored this project is in collaboration with the Ministry of 

Industry, Kingdom of Saudi Arabia, via Grant No. 20/7.  

9-4- Acknowledgements 

The authors are thankful for the project support from the Ministry of Industry and the Deanship of Research, Islamic 

University of Madinah. 

9-5- Institutional Review Board Statement 

The study confirms the ethical guidelines of the “Declaration of Helsinki” and the research priority approved by the 

scientific research committee of the Faculty of Engineering at the Islamic University of Madinah (2020). 



Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 105 

9-6- Conflicts of Interest 

The authors declare that there is no conflict of interest regarding the publication of this manuscript. In addition, the 

ethical issues, including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double 

publication and/or submission, and redundancies have been completely observed by the authors. 

10- References  

[1] Emanuel, E. J., Persad, G., Upshur, R., Thome, B., Parker, M., Glickman, A., ... & Phillips, J. P. (2020). Fair allocation of scarce 

medical resources in the time of Covid-19. New England Journal of Medicine, 382(21), 2049-2055. doi: 0.1056/NEJMsb2005114. 

[2] De Panfilis, L., Di Leo, S., Peruselli, C., Ghirotto, L., & Tanzi, S. (2019). “i go into crisis when ...”: Ethics of care and moral 

dilemmas in palliative care. BMC Palliative Care, 18(1). doi:10.1186/s12904-019-0453-2. 

[3] Tanzi, S., Alquati, S., Martucci, G., & De Panfilis, L. (2020). Learning a palliative care approach during the COVID-19 pandemic: 

A case study in an Infectious Diseases Unit. Palliative Medicine, 34(9), 1220–1227. doi:10.1177/0269216320947289. 

[4] Curtis, J. R., & Vincent, J. L. (2010). Ethics and end-of-life care for adults in the intensive care unit. The Lancet, 376(9749), 

1347–1353. doi:10.1016/S0140-6736(10)60143-2. 

[5] Gómez-Vírseda, C., De Maeseneer, Y., & Gastmans, C. (2019). Relational autonomy: What does it mean and how is it used in 

end-of-life care? A systematic review of argument-based ethics literature. BMC Medical Ethics, 20(1). doi:10.1186/s12910-019-

0417-3. 

[6] White, D. B., & Lo, B. (2020). A Framework for Rationing Ventilators and Critical Care Beds during the COVID-19 Pandemic. 

JAMA - Journal of the American Medical Association, 323(18), 1773–1774. doi:10.1001/jama.2020.5046. 

[7] Matheny Antommaria, A. H., Gibb, T. S., McGuire, A. L., Wolpe, P. R., Wynia, M. K., Applewhite, M. K., Caplan, A., Diekema, 

D. S., Hester, D. M., Lehmann, L. S., McLeod-Sordjan, R., Schiff, T., Tabor, H. K., Wieten, S. E., & Eberl, J. T. (2020). Ventilator 

triage policies during the COVID-19 pandemic at U.S. hospitals associated with members of the Association of Bioethics program 

directors. Annals of Internal Medicine, 173(3), 188–194. doi:10.7326/M20-1738. 

[8] Daugherty Biddison, E. L., Faden, R., Gwon, H. S., Mareiniss, D. P., Regenberg, A. C., Schoch-Spana, M., Schwartz, J., & Toner, 

E. S. (2019). Too Many Patients…A Framework to Guide Statewide Allocation of Scarce Mechanical Ventilation During 

Disasters. Chest, 155(4), 848–854. doi:10.1016/j.chest.2018.09.025. 

[9] Singer, P. A., & Mapa, J. (1998). Ethics of resource allocation: dimensions for healthcare executives. Hospital Quarterly, 1(4), 

29–31. doi:10.12927/hcq..16567. 

[10] Solomon, M. Z., Wynia, M. K., & Gostin, L. O. (2020). Covid-19 Crisis Triage — Optimizing Health Outcomes and Disability 

Rights. New England Journal of Medicine, 383(5), e27. doi:10.1056/nejmp2008300. 

[11] Committe on Bioethics (DH-BIO). (2020). DH-BIO Statement on human rights considerations relevant to the COVID-19 

pandemic. Available online: https://rm.coe.int/inf-2020-2-statement-covid19-e/16809e2785 (accessed on December 2021). 

[12] International Bioethics Committee (IBC). (2020). Statement on COVID-19: Ethical Considerations From a Global Perspective, 

Statement of the UNESCO International Bioethics Committee (IBC) and the UNESCO World Commission on the Ethics of 

Scientific Knowledge and Technology (COMEST), 1–4, Paris, France. Available online: 

https://unesdoc.unesco.org/ark:/48223/pf0000373115 (accessed on December 2021). 

[13] Vaidya, O. S., & Kumar, S. (2006). Analytic hierarchy process: An overview of applications. European Journal of Operational 

Research, 169(1), 1–29. doi:10.1016/j.ejor.2004.04.028. 

[14] Sprung, C. L., Woodcock, T., Sjokvist, P., Ricou, B., Bulow, H. H., Lippert, A., Maia, P., Cohen, S., Baras, M., Hovilehto, S., 

Ledoux, D., Phelan, D., Wennberg, E., & Schobersberger, W. (2008). Reasons, considerations, difficulties and documentation 

of end-of-life decisions in European intensive care units: The ETHICUS Study. Intensive Care Medicine, 34(2), 271–277. 

doi:10.1007/s00134-007-0927-1. 

[15] Cesari, M., & Proietti, M. (2020). COVID-19 in Italy: Ageism and Decision Making in a Pandemic. Journal of the American 

Medical Directors Association, 21(5), 576–577. doi:10.1016/j.jamda.2020.03.025. 

[16] Rosenbaum, L. (2020). Facing COVID-19 in Italy - Ethics, logistics, and therapeutics on the epidemic’s front line. Recenti 

Progressi in Medicina, 111(4), 192–197. doi:10.1701/3347.33179. 

[17] Truog, R. D., Mitchell, C., & Daley, G. Q. (2020). The Toughest Triage — Allocating Ventilators in a Pandemic. New England 

Journal of Medicine, 382(21), 1973–1975. doi:10.1056/nejmp2005689. 

[18] McCullough, L. B., Coverdale, J. H., & Chervenak, F. A. (2007). Constructing a systematic review for argument-based clinical 

ethics literature: The example of concealed medications. Journal of Medicine and Philosophy, 32(1), 65–76. 

doi:10.1080/03605310601152206. 

https://doi.org/10.1056/NEJMsb2005114


Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 106 

[19] McDougall, R. (2014). Systematic reviews in bioethics: Types, challenges, and value. Journal of Medicine and Philosophy 

(United Kingdom), 39(1), 89–97. doi:10.1093/jmp/jht059. 

[20] Angelos, P. (2020). Surgeons, Ethics, and COVID-19: Early Lessons Learned. Journal of the American College of Surgeons, 

230(6), 1119–1120. doi:10.1016/j.jamcollsurg.2020.03.028. 

[21] Auriemma, C. L., Molinero, A. M., Houtrow, A. J., Persad, G., White, D. B., & Halpern, S. D. (2020). Eliminating Categorical 

Exclusion Criteria in Crisis Standards of Care Frameworks. American Journal of Bioethics, 20(7), 28–36. 

doi:10.1080/15265161.2020.1764141. 

[22] Jeffrey, D. I. (2020). Relational ethical approaches to the COVID-19 pandemic. Journal of Medical Ethics, 46(8), 495–498. 

doi:10.1136/medethics-2020-106264. 

[23] Escher, M., Cullati, S., Hudelson, P., Nendaz, M., Ricou, B., Perneger, T., & Dayer, P. (2019). Admission to intensive care: A 

qualitative study of triage and its determinants. Health Services Research, 54(2), 474–483. doi:10.1111/1475-6773.13076. 

[24] Mannelli, C., & Mannelli, C. (2020). Whose life to save? Scarce resources allocation in the COVID-19 outbreak. Journal of 

Medical Ethics, 46(6), 364–366. doi:10.1136/medethics-2020-106227. 

[25] Jöbges, S., Vinay, R., Luyckx, V. A., & Biller-Andorno, N. (2020). Recommendations on COVID-19 triage: international 

comparison and ethical analysis. Bioethics, 34(9), 948–959. doi:10.1111/bioe.12805. 

[26] Robert, R., Kentish-Barnes, N., Boyer, A., Laurent, A., Azoulay, E., & Reignier, J. (2020). Ethical dilemmas due to the Covid-

19 pandemic. Annals of Intensive Care, 10(1). doi:10.1186/s13613-020-00702-7. 

[27] Lai, J., Ma, S., Wang, Y., Cai, Z., Hu, J., Wei, N., Wu, J., Du, H., Chen, T., Li, R., Tan, H., Kang, L., Yao, L., Huang, M., Wang, 

H., Wang, G., Liu, Z., & Hu, S. (2020). Factors associated with mental health outcomes among health care workers exposed to 

coronavirus disease 2019. JAMA Network Open, 3(3). doi:10.1001/jamanetworkopen.2020.3976. 

[28] Raith, E. P., Udy, A. A., Bailey, M., McGloughlin, S., MacIsaac, C., Bellomo, R., & Pilcher, D. V. (2017). Prognostic accuracy 

of the SOFA score, SIRS criteria, and qSOFA score for in-hospital mortality among adults with suspected in.fection admitted to 

the intensive care unit. Jama, 317(3), 290-300. doi: 0.1001/jama.2016.20328. 

[29] Herreros, B., Gella, P., & Real De Asua, Di. (2020). Triage during the COVID-19 epidemic in Spain: Better and worse ethical 

arguments. Journal of Medical Ethics, 46(7), 455–458. doi:10.1136/medethics-2020-106352. 

[30] Aziz, S., Arabi, Y. M., Alhazzani, W., Evans, L., Citerio, G., Fischkoff, K., ... & Christian, M. D. (2020). Managing ICU surge 

during the COVID-19 crisis: rapid guidelines. Intensive care medicine, 46(7), 1303-1325. doi: 10.1007/s00134-020-06092-5 

[31] Hulsbergen, A. F. C., Eijkholt, M. M., Balak, N., Brennum, J., Bolger, C., Bohrer, A. M., Feldman, Z., Holsgrove, D., Kitchen, 

N., Mathiesen, T. I., Moojen, W. A., Samprón, N., Sames, M., Sandvik, U., Tisell, M., & Broekman, M. L. D. (2020). Ethical 

triage during the COVID-19 pandemic: a toolkit for neurosurgical resource allocation. Acta Neurochirurgica, 162(7), 1485–

1490. doi:10.1007/s00701-020-04375-w. 

[32] Mohammed, K. I., Zaidan, A. A., Zaidan, B. B., Albahri, O. S., Alsalem, M. A., Albahri, A. S., Hadi, A., & Hashim, M. (2019). 

Real-Time Remote-Health Monitoring Systems: a Review on Patients Prioritisation for Multiple-Chronic Diseases, Taxonomy 

Analysis, Concerns and Solution Procedure. Journal of Medical Systems, 43(7). doi:10.1007/s10916-019-1362-x. 

[33] Kalid, N., Zaidan, A. A., Zaidan, B. B., Salman, O. H., Hashim, M., Albahri, O. S., & Albahri, A. S. (2018). Based on Real Time 

Remote Health Monitoring Systems: A New Approach for Prioritization “Large Scales Data” Patients with Chronic Heart 

Diseases Using Body Sensors and Communication Technology. Journal of Medical Systems, 42(4). doi:10.1007/s10916-018-

0916-7. 

[34] Samanlioglu, F., & Kaya, B. E. (2020). Evaluation of the COVID-19 Pandemic Intervention Strategies with Hesitant F-AHP. 

Journal of Healthcare Engineering, 2020, 1–11. doi:10.1155/2020/8835258. 

[35] Vinay, R., Baumann, H., & Biller-Andorno, N. (2021). Ethics of ICU triage during COVID-19. British Medical Bulletin, 138(1), 

5–15. doi:10.1093/bmb/ldab009. 

[36] Camporesi, S., & Mori, M. (2021). Ethicists, doctors and triage decisions: Who should decide? And on what basis? Journal of 

Medical Ethics, 47(12), E18. doi:10.1136/medethics-2020-106499. 

[37] Ijzerman, M. J., Van Til, J. A., & Bridges, J. F. P. (2012). A comparison of analytic hierarchy process and conjoint analysis 

methods in assessing treatment alternatives for stroke rehabilitation. Patient, 5(1), 45–56. doi:10.2165/11587140-000000000-

00000. 

[38] Goepel, K. D. (2018). Implementation of an Online Software Tool for the Analytic Hierarchy Process (AHP-OS). International 

Journal of the Analytic Hierarchy Process, 10(3). doi:10.13033/ijahp.v10i3.590. 

[39] Maruthur, N. M., Joy, S. M., Dolan, J. G., Shihab, H. M., & Singh, S. (2015). Use of the analytic hierarchy process for medication 

decision-making in type 2 diabetes. PLoS ONE, 10(5). doi:10.1371/journal.pone.0126625. 

https://doi.org/10.1001/jama.2016.20328
https://doi.org/10.1007/s00134-020-06092-5


Emerging Science Journal | Vol. 6, Special Issue "COVID-19: Emerging Research", 2022 

Page | 107 

[40] Singh, R., & Avikal, S. (2020). COVID-19: A decision-making approach for prioritization of preventive activities. International 

Journal of Healthcare Management, 13(3), 257–262. doi:10.1080/20479700.2020.1782661. 

[41] Vargas, L. G. (1990). An overview of the analytic hierarchy process and its applications. European journal of operational 

research, 48(1), 2-8. doi: 10.1016/0377-2217(90)90056-H. 

[42] Wollmann, D., Steiner, M. T. A., Vieira, G. E., & Steiner, P. A. (2012). Avaliação de operadoras de saúde por usuários pelo 

método Analytic Hierarchy Process. Revista de Saude Publica, 46(5), 777–783. doi:10.1590/S0034-89102012000500003. 

[43] Shaikh, F. S., Aldhafferi, N., Buker, A., Alqahtani, A., Dey, S., Abdulhamid, S., Albuhairi, D. A. M., Alkabour, R. S. A., Atiyah, 

W. S. O., Chrouf, S. B., Alshehri, A., Olatunji, S. O., Almuhaideb, A. M., Alshahrani, M. S., Almunsour, Y., & Abdul-Salam, 

V. B. (2021). Comorbidities and risk factors for severe outcomes in covid-19 patients in saudi arabia: A retrospective cohort 

study. Journal of Multidisciplinary Healthcare, 14, 2169–2183. doi:10.2147/JMDH.S317884. 

[44] Pecchia, L., Bath, P. A., Pendleton, N., & Bracale, M. (2011). Analytic Hierarchy Process (AHP) for examining healthcare 

professionals’ assessments of risk factors: The relative importance of risk factors for falls in community-dwelling older people. 

Methods of Information in Medicine, 50(5), 435–444. doi:10.3414/ME10-01-0028. 

[45] Saaty, T. L. (1977). A scaling method for priorities in hierarchical structures. Journal of Mathematical Psychology, 15(3), 234–

281. doi:10.1016/0022-2496(77)90033-5. 

[46] Saaty, T. L. (1986). Axiomatic foundation of the analytic hierarchy process. Management science, 32(7), 841-855. doi: 

10.1287/mnsc.32.7.841.  

[47] Bozóki, S., & Rapcsák, T. (2008). On Saaty’s and Koczkodaj’s inconsistencies of pairwise comparison matrices. Journal of 

Global Optimization, 42(2), 157–175. doi:10.1007/s10898-007-9236-z. 

[48] Bozóki, S., Fülöp, J., & Koczkodaj, W. W. (2011). An LP-based inconsistency monitoring of pairwise comparison matrices. 

Mathematical and Computer Modelling, 54(1–2), 789–793. doi:10.1016/j.mcm.2011.03.026. 

[49] Herman, M. W., & Koczkodaj, W. W. (1994). APL2 implementation of a new definition of consistency of pairwise 

comparisons. ACM SIGAPL APL Quote Quad, 24(4), 37-40. doi: 10.1145/181921.181932. 

[50] Koczkodaj, W. W. (1993). A new definition of consistency of pairwise comparisons. Mathematical and Computer Modelling, 

18(7), 79–84. doi:10.1016/0895-7177(93)90059-8. 

[51] Ho, W. (2008). Integrated analytic hierarchy process and its applications - A literature review. European Journal of Operational 

Research, 186(1), 211–228. doi:10.1016/j.ejor.2007.01.004. 

[52] Forman, E. H., & Selly, M. A. (2001). Decision by objectives: how to convince others that you are right. World Scientific. doi: 

10.1142/4281. 

[53] Jost, L. (2006). Jost, L. Entropy and diversity. Oikos. Oikos, 113(2), 363–375. John Wiley & Sons. doi:10.1111/j.2006.0030-

1299.14714.x 

[54] Issa, U. H., Balabel, A., Abdelhakeem, M., & Osman, M. M. A. (2021). Developing a risk model for assessment and control of 

the spread of covid-19. Risks, 9(2), 1–15. doi:10.3390/risks9020038. 

[55] World Health Organization. (2020). Algorithm for COVID-19 triage and referral: patient triage and referral for resource-limited 

settings during community transmission (No. WPR/DSE/2020/009). Manila: WHO Regional Office for the Western Pacific. 

[56] Centers for Disease Control and Prevention (CDC). (2021). Standard Operating Procedure ( SOP ) for Triage of Suspected 

COVID-19 Patients in non-US Healthcare Settings: Early Identification and Prevention of Transmission during Triage. Centres 

for Disease Control and Prevention, 2(October), 1–5. Available online: https://pesquisa.bvsalud.org/global-literature-on-novel-

coronavirus-2019-ncov/resource/pt/grc-739895 (accessed on December 2021).   

[57] Jänig, C., Forklage, R., Gurney, J. M., Groth, R., Wirth, C., van de Krol, H., Schmidbauer, W., & Güsgen, C. (2021). Triage 

Decisions in the Context of COVID-19: Old Burden, New Challenge-The Structured Approach for Intensive Care Unit Triage 

(SAINT) Protocol. Military Medicine, 186(3–4), e300–e304. doi:10.1093/milmed/usaa287. 

[58] Turcato, G., Zaboli, A., & Pfeifer, N. (2020). The COVID-19 epidemic and reorganisation of triage, an observational study. 

Internal and Emergency Medicine, 15(8), 1517–1524. doi:10.1007/s11739-020-02465-2. 

[59] Aull-Hyde, R., Erdogan, S., & Duke, J. M. (2006). An experiment on the consistency of aggregated comparison matrices in 

AHP. European Journal of Operational Research, 171(1), 290–295. doi:10.1016/j.ejor.2004.06.037. 

https://doi.org/10.1016/0377-2217(90)90056-H
https://doi.org/10.1287/mnsc.32.7.841
https://doi.org/10.1145/181921.181932
https://doi.org/10.1142/4281
https://doi.org/10.1111/j.2006.0030-1299.14714.x
https://doi.org/10.1111/j.2006.0030-1299.14714.x



