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Objectives. The outbreak of coronavirus disease 2019 (COVID-19) was ﬁrst reported in December 2019. Until now, many drugs
and methods have been used in the treatment of the disease. However, no eﬀective treatment option has been found and only casebased successes have been achieved so far. This study aims to evaluate COVID-19 treatment options using multicriteria decisionmaking (MCDM) techniques. Methods. In this study, we evaluated the available COVID-19 treatment options by MCDM
techniques, namely, fuzzy PROMETHEE and VIKOR. These techniques are based on the evaluation and comparison of complex
and multiple criteria to evaluate the most appropriate alternative. We evaluated current treatment options including favipiravir
(FPV), lopinavir/ritonavir, hydroxychloroquine, interleukin-1 blocker, intravenous immunoglobulin (IVIG), and plasma exchange. The criteria used for the analysis include side eﬀects, method of administration of the drug, cost, turnover of plasma, level
of fever, age, pregnancy, and kidney function. Results. The results showed that plasma exchange was the most preferred alternative,
followed by FPV and IVIG, while hydroxychloroquine was the least favorable one. New alternatives could be considered once they
are available, and weights could be assigned based on the opinions of the decision-makers (physicians/clinicians). The treatment
methods that we evaluated with MCDM methods will be beneﬁcial for both healthcare users and to rapidly end the global
pandemic. The proposed method is applicable for analyzing the alternatives to the selection problem with quantitative and
qualitative data. In addition, it allows the decision-maker to deﬁne the problem simply under uncertainty. Conclusions. Fuzzy
PROMETHEE and VIKOR techniques are applied in aiding decision-makers in choosing the right treatment technique for the
management of COVID-19.

1. Introduction
Since December 2019, when coronavirus disease (COVID19) incidents were ﬁrst reported in Wuhan, China, an increasing number of cases have been reported in all countries
on all continents except Antarctica. It exceeded the rate of
the number of COVID-19 patients, thus prompting the
World Health Organization to declare COVID-19 as an

epidemic [1]. The virus that causes COVID-19 is called the
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2). As of December 15, 2020, there were around
71,000,000 conﬁrmed cases and 1,600,000 conﬁrmed deaths
all over the world [1].
The virus is released from respiratory secretions when an
infected person speaks, sneezes, or coughs. When other
people come into direct contact with these droplets, they
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become infected. If those who touch the surface of the virus
then touch the mouth, nose, and eyes, the infection can be
transmitted to other people [2–4]. The exact incubation time
is unknown. It is assumed that it is between 2 and 14 days
after exposure, and most cases occur within 5 days after
exposure [5, 6]. Often most infections are self-limited. It may
cause more serious illness in the elderly population and
those with underlying medical disease [7]. According to
current statistics, the most common clinical features at the
onset of illness are fever in 88%, fatigue in 38%, dry cough in
67%, myalgias in 14.9%, and dyspnea in 18.7% [8]. Pneumonia is the most common complication. Severe cases have
a mortality rate of 2.3 to 5% [7].
To date, there are no proven speciﬁc treatments for
patients with the new virus other than supportive care. In
China, Italy, France, Spain, Turkey, and now the USA, a large
number of patients have received oﬀ-label and compassionate use therapies [1]. Therefore, various options have
been used to ﬁght the virus so far. Three general methods are
used, including current broad-spectrum drugs, immunoenhancement therapy, and viral-speciﬁc plasma globulin.
Many drugs such as chloroquine, hydroxychloroquine,
azithromycin, interferon (IFN), favipiravir (FPV), remdesivir, and lopinavir/ritonavir have been used in patients with
SARS or Middle East respiratory syndrome (MERS), but the
eﬀectiveness of some drugs remains controversial [9–15].
Synthetic recombinant interferon α, intravenous immunoglobulin (IVIG) (an immunomodulator), tocilizumab, and
interleukin-1 blocker are used in immunoenhancement
therapy [13, 14, 16]. Convalescent plasma therapy was
thought to be an eﬀective way to alleviate the course of the
disease for seriously infected patients, and successful results
were obtained in patients on whom this treatment was
attempted [17, 18].
These treatment methods have largely been administered
in an uncontrolled manner, with the exception of a few
randomized trials launched in China and recently in the
USA [19]. Hence, it is not possible to make the interpretation
that if the patient dies, they die from the disease, but if the
patient survives, this is because of the drug given. All
methods have some advantages and disadvantages. For
example, chloroquine/hydroxychloroquine, azithromycin,
and lopinavir-ritonavir have several negative eﬀects, including QT prolongation, hepatitis, acute pancreatitis,
neutropenia, and anaphylaxis [20, 21]. Agents that have been
used less frequently in the past (e.g., remdesivir) can cause
serious negative eﬀects that have not been detected previously due to the limited number of exposed patients [22, 23].
Interleukin blockers may cause immunosuppression, increasing the risk of sepsis, bacterial pneumonia, and hepatotoxicity [24, 25].
The rapid and simultaneous combination of supportive
care and randomized control studies is the only way to ﬁnd
eﬀective and safe treatments for COVID-19 and other future
outbreaks. In one open-label nonrandomized control study,
FPV had signiﬁcantly better outcomes for disease progression and viral clearance; these results should provide an
important advance in creating standard treatment guidelines
for combating SARS-CoV-2 infection [26].
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Decision-making models are the supportive systems that
will give the necessary information to decision-makers about
the alternatives and their features. PROMETHEE and
VIKOR techniques are commonly used analytical multicriteria decision-making techniques that rank the alternatives under the conﬂicting criteria successfully applied in
many ﬁelds among the other techniques. VIKOR method
ranks alternatives giving the compromise solution, which is
the closest to the ideal solution. PROMETHEE method gives
a comparison to the alternatives based on the pairwise
comparison. As opposed to other methods, PROMETHEE
gives more choices to the decision-maker for deﬁning the
preference function for each criterion speciﬁcally. This
makes the PROMETHEE method more sensitive in ranking
the alternatives.
After the fuzzy set theory has been proposed and deﬁned
by Zadeh in 1965, the hybrid models of the classical models,
fuzzy-based models, have been studied by researchers in
many ﬁelds. Since there is no crisp diﬀerence between many
objects and cases in the real world, it has been obtained that
deﬁning and modeling the problems using fuzzy sets can
create a more sensitive model to real-world problems. And
fuzzy-based MCDM techniques allow the decision-makers
to analyze the alternatives even with linguistic data; it is
more suitable for many cases where the numerical data are
not available.
Fuzzy logic has shed light to integrate human opinion
into decision-making problems [27]. In 2000, Warren et al.
[28] showed the applicability of the fuzzy logic in modeling
the vagueness of the treatment based on the clinical
guideline knowledge to support the decision-makers in
clinical practices. In 2012, Consenza [29] proposed the fuzzy
expert system to provide the optimal amount of the insulin
unit that should be taken before the meal for the type-1
diabetes patients corresponding to the characteristic of the
food. In 2017, Santini et al. [30] proposed a fuzzy-based tool
in order to manage and monitor the clinical status of
β-thalassemia patients. This study has given exemplary results on the online determination of iron overload while
monitoring the health conditions of β-thalassemia patients.
In 2019, Akram and Adeel [31] discussed the hybrid model
of the hesitant m-polar fuzzy sets. They provided the application of the hesitant m-polar fuzzy TOPSIS technique to
rank and select the best alternative under m-polar fuzzy set
positive and negative ideal solution for a multicriteria group
decision. In 2020, Akram et al. [32] proposed Dombi aggregation operators for decision-making under m-polar
fuzzy information. They tested their operation validity for
obtaining the best agricultural land and the best bank with its
performance. They also compared their technique with the
ELECTRE-I method and they found that the optimal alternative is the same by applying the ELECTRE-I method.
Garg et al. [27] proposed a new fuzzy operation compared
with the Yager operation for Fermatean fuzzy numbers, and
they applied this technique to obtain a ranking result for the
COVID-19 testing facilities. In 2020, Akram et al. [33]
presented new aggregation operators such as Fermatean
fuzzy Einstein weighted averaging, Fermatean fuzzy Einstein
ordered weighted averaging, generalized Fermatean fuzzy
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Einstein weighted averaging, and generalized Fermatean
fuzzy Einstein ordered weighted averaging to cumulate the
Fermatean fuzzy data in decision-making environments
which has more ﬂexible structure than the intuitionistic and
Pythagorean fuzzy sets. They applied these techniques for the
COVID-19 sanitizer selection problem.
Thus far, we have used a multicriteria decision-making
(MCDM) technique called fuzzy PROMETHEE to compare
the confusion regarding the choice of eﬀective treatment
practices using the following guidelines, to make a mutual
comparison between selected treatment methods, and to
determine the strongest one [34–38]. The PROMETHEE
technique was developed by Brans and Vincle in 1985 [39].
Since then, it has been used successfully as an MCDM
technique in many ﬁelds [40], and recently, it has been
applied in the ﬁeld of material selection, medicine, and
healthcare [41–50], as well as it was selected as a proper
COVID-19 diagnosis tool [51]. VIKOR is another commonly used MCDM technique that determines the order of
alternatives under conﬂicting criteria based on the closeness
to the ideal solution [52]. It provides the maximum group
utility and the minimum individual regret for determining
the compromise solution of the decision-making problem.
Fuzzy logic was ﬁrst presented in 1965 by Zadeh in order to
deﬁne vague conditions or linguistic data mathematically
[53]. A fuzzy logic-based clinical decision support system for
the evaluation of renal function in posttransplant patients
has been implemented successfully [54]. The analytic hierarchy process (AHP), which is another methodology based
on both mathematical and psychological approaches with a
similar purpose as PROMETHEE and VIKOR, is exploited
to analyze and solve complex problems, in order to make the
best decision. Some examples of the application of AHP in
healthcare and health technologies can be found in [55–57].
The data of the COVID-19 treatment techniques contain
quantitative and qualitative data of multicriteria with different importance weights which cannot be simply evaluated
by the decision-makers. Therefore, we have applied two of
the successfully used analytical MCDM techniques. Both of
the techniques give consistent ranking results as expected.
Besides, by applying the PROMETHEE method, we are able
to see the positive and negative sides of each alternative.
In this study, the use of fuzzy scale based on fuzzy logic
has enabled the experts to express qualitative data such as
side eﬀects, applicability, and compliance of COVID-19
treatment techniques meaningfully to be included in the
model. It is also used to express the degrees of importance
assigned to the criteria more easily and with the common
sense of the experts.

2. Methods
SARS-CoV-2 is an enveloped, positive, single-strand RNA
beta-coronavirus and is structurally similar to SARS-CoV-1
and MERS [58]. There are two overlapping hypotheses in the
pathogenesis of the disease: triggered by the virus itself and
the host response. There is signiﬁcant confusion regarding
the therapeutic approaches used in COVID-19. Currently, it
is imperative to distinguish between the phase of viral
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pathogenicity and the phase in which the host inﬂammatory
response is predominant in terms of the timing of the agent
to be used in the treatment. In this case, diﬀerent methods
have been used to treat COVID-19 at diﬀerent stages of the
disease. However, scientists and real-life data have demonstrated that it is more beneﬁcial to start many treatments
early [12].
2.1. Treatment Techniques. We have chosen the methods
that have been most frequently used since the beginning of
the COVID-19 pandemic. Chloroquine, an antimalaria
drug, is the ﬁrst agent used against the COVID-19 disease. It
both has an immune-modulating activity and can inhibit
this virus with an in vitro eﬀect [10]. It has been proven in a
clinically controlled study that chloroquine, an antimalarial
drug, is eﬀective in the treatment of patients with COVID-19
[59]. Since the side eﬀects of hydroxychloroquine are lower
than chloroquine, the use of hydroxychloroquine has been
preferred in the treatment of COVID-19 [60]. In COVID-19
patients, hydroxychloroquine allows the viral nasopharyngeal carriage of SARS-CoV-2 to be cleared in just three to six
days [61]. Its eﬀect is reinforced by azithromycin, an antibacterial agent [61]. Azithromycin is used to treat or prevent
certain bacterial infections, predominantly those causing
middle ear infections, throat, pneumonia, typhoid, bronchitis, and sinusitis [62]. Azithromycin and hydroxychloroquine have the side eﬀect of QTprolongation (that can
cause sudden death).
Remdesivir, a terminate of viral RNA transcription, has
in vitro activity against SARS-CoV-2 [63]. It was originally
used for the treatment of the Ebola virus disease and
Marburg virus infections. One of the side eﬀects of
remdesivir is hepatotoxicity.
FPV selectively inhibits RNA-bound RNA polymerase of
RNA viruses and has been approved for new inﬂuenza
therapy since 2014 [64]. It is also hepatotoxic.
Lopinavir and ritonavir are antiretroviral protease inhibitors that have been used in combination for the treatment of human immunodeﬁciency virus infection since
2000 [65]. This has reduced the replication by 50% in the
MERS coronavirus in vitro [66]. The most common side
eﬀects are gastrointestinal problems such as nausea, vomiting, and diarrhea.
Oseltamivir is a neuraminidase enzyme inhibitor used
for inﬂuenza. In fact, many patients with COVID-19
symptoms might have inﬂuenza. Therefore, it is better to
give this medicine to prevent the patient from getting worse
[66].
Interferon is a broad-spectrum antiviral agent that acts
by interacting with toll-like receptors and inhibits viral
replication [67] and anti-SARS-CoV-1 activity in vitro [68].
Tocilizumab is a recombinant humanized monoclonal
antibody that acts as an IL-6 receptor antagonist and is used
for the treatment of rheumatoid arthritis. Interleukin-6 was
reported to be released considerably in SARS and MERS
patients and might play a role in the pathogenesis of these
diseases [69]. In COVID-19 patients, higher plasma levels of
cytokines have also been found [69].
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IVIG might be the safest immunomodulator for longterm use in patients of all ages and could help to inhibit the
production of proinﬂammatory cytokines and increase the
production of anti-inﬂammatory mediators [13].
While evaluating these methods, we used diﬀerent criteria that were selected based on the doctors, the treatment
methods, and the host. Regime cost, side eﬀects, number of
tablets, dose frequency, treatment duration, plasma stability,
plasma turnover, time of suppression, practicability, intravenous form, oral form, and drug-drug interaction were
chosen as the treatment method-related criteria. Age,
pregnancy, glomerular ﬁltration rate (GFR), compliance,
fever, pneumonia, intensive care, organ failure, macrophage
activation syndrome, and the hemophagocytic syndrome
were chosen as the host-related criteria. These are symptoms
and phases of diseases in COVID patients. False prescription
and ineﬃcient drug combination were chosen as the doctorrelated criteria. All of these factors are important when
selecting treatment methods for COVID-19 patients.
2.2. Fuzzy-Based MCDM Models. Ranking the fuzzy numbers contains the main problematic part of the decisionmaking problems under the fuzzy environment. This process
is also the most important stage of the decision-making
process since it simpliﬁes the complexity of the problem.
Comparison of the fuzzy numbers has practical applications
in optimization, forecasting, decision-making, and approximate reasoning. Real-world decision problems often
involve uncertain conditions of the properties of alternatives, and fuzzy numbers allow the decision-maker to be
used in the analysis by taking these uncertain conditions into
account. There are many types of fuzzy-based MCDM
models available for diﬀerent aims, and there are many
studies that present diﬀerent techniques for the comparison
of the fuzzy numbers [70–72]. Although the centroid concept has been applied in many ﬁelds and has been known for
hundreds of years, ﬁrst in 1980, Yager proposed the centroid
method for the comparison of the fuzzy numbers [73]. After
Yager, there have been many studies that used this method
for the construction of the individually deﬁned ranking
index [74–76]. Some of these researchers have used the value
of x alone, while some of them used a combination of x and y
values to obtain their own ranking index that depends on the
centroid concept. There are also some research studies that
aim to produce the most suitable or correct centroid value
formula [77, 78] for the usage of the ranking index. These
research studies provide valuable information for comparing
the fuzzy numbers that depend on the centroid approaches.
However, some studies found that the Yager index has great
potential in fuzzy optimization [79]. In our study, some of
the criteria, such as side eﬀects, were deﬁned by the experts
using the linguistic fuzzy scale since no crisp values are
available for those criteria. Furthermore, fuzzy data of the
deﬁned parameters have been compared using the centroid
concept, deﬁned by the Yager index, which is successfully
applied and conﬁrmed by many researchers. If we could
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have used diﬀerent fuzzy models most probably, we will
obtain the same ranking results.
2.3. Fuzzy PROMETHEE. In real-world problems, one of the
major challenges involves the collection of crisp data to
analyze systems. In 1965, Zadeh laid the foundations for the
idea of establishing a rule functioning and then transferring
it to a machine by making use of human life experiences and
various kinds of knowledge. Fuzzy logic can be deﬁned as a
decision mechanism design in its simplest form. It allows
decision-makers to identify vague conditions and analyze
the systems using linguistic data if it is needed [53].
MCDM is a research area that involves the analysis of
various available choices in a situation or research area,
which spans daily life, social sciences, engineering, medicine,
and many other areas.
MCDM analyzes the alternatives (qualitatively or
quantitatively) involved in a criterion that makes the alternatives a favorable or unfavorable choice for a particular
application and attempts to compare this criterion based on
the selected criteria against every other available option in an
attempt to support the decision-maker when selecting an
option with maximum advantages without negotiation.
PROMETHEE is an MCDM tool that allows a user to
analyze and rank accessible alternatives according to the
criteria of each alternative. It compares the available alternatives based on the selected criteria [39]. The PROMETHEE technique is a valuable and sensitive MCDM
technique for reasons that include the following:
(i) PROMETHEE can be used to handle qualitative and
quantitative criteria simultaneously
(ii) PROMETHEE deals with fuzzy relations, vagueness,
and uncertainties
(iii) PROMETHEE is easy to handle and provides the
user with maximum control over the preference of
the alternatives with regard to the criteria
When using PROMETHEE, only two types of information are required from the decision-maker: information
regarding the importance weights of the selected criteria and
the preference function to be used in comparing the alternatives’ contribution with regard to each criterion.
Diﬀerent preference functions (Pj) are available on
PROMETHEE for the deﬁnition of diﬀerent criteria. The
preference function deﬁnes assigning values to the ranking
of two alternatives (a and at) in relation to speciﬁc criteria
and a preference degree of the limit between 0 and 1 [39].
The preference functions for practical purposes that can be
used at the discretion of the decision-maker include the
usual function, V-shape function, level function, u-shape
function, linear function, and Gaussian function [39]. A
complete explanation of the preference functions used, their
ranking, and how to make a decision on which function best
suits a scenario was presented by Brans et al. [39].
In the PROMETHEE analysis, after collecting the criteria
of the alternatives, the preference function pj (d) for each
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criterion j should be deﬁned, and the importance weight of
each criterion wt � (w1 , w2 , . . ., wk ) should be determined.
Normalization of the weights or equality of weights can be
chosen by the decision-maker based on the application.
Then, for every alternative pair (at, at’ ∈ A), the outranking
relation π(at , at′ ) should be determined as seen in
K

π at , at′  �  wk .pk

fk at  − fk at′ ,

AXA ⟶ [0, 1].

k�1

(1)
And the positive outranking ﬂow of at (Φ+ (at )) and the
negative outranking ﬂow of at (Φ− (at )) should be calculated
as seen in
Φ+ at  �

n
1
 π at , at′ ,
n − 1 t′ �1
t′≠t

The better alternative is the one with the higher Φnet (at )
value (32).
In this study, we proposed the use of the fuzzy-based
PROMETHEE technique for the evaluation of the available
treatment options for COVID-19. The selected treatment
options are favipiravir (FPV), remdesivir, “lopinavir/ritonavir,”
“hydroxychloroquine,” “oseltamivir + hydroxychloroquine,”
“hydroxychloroquine + azithromycin,” interleukin-1 blocker,
tocilizumab, “interferon,” intravenous immunoglobulin
(IVIG), and plasma exchange. The selected criteria of the alternatives and the importance weight with fuzzy scale can be
seen in Table 1. The data and the weights of the criteria have
been collected by the experts.
The Yager index was used for the defuzziﬁcation of the
fuzzy scale. Lastly, the PROMETHEE-Gaia decision lab
program with Gaussian preference functions has been used
for the evaluation.

(2)
−

Φ

n
1
at  �
 π at , at′ ,
n − 1 t′�1
t′ ≠t

where n denotes the number of options, and each option is
compared to the n − 1 number of alternatives. The positive
outranking ﬂow is an illustration of how a particular alternative is greater than the other options. The higher the
positive outranking ﬂow of a particular alternative is, the
greater the possibilities are. The negative outranking ﬂow is
an expression of how a particular alternative is less preferred
compared to the other alternatives. The lower the negative
outranking value is, the greater the alternatives are [1–9, 16].
PROMETHEE gives a partial preorder of the alternatives as
seen in equation (3).
at is preferred to alternative at′ (at Pat′ ) if
⎨ Φ+ at  ≥ Φ+ at′  and Φ− at  < Φ− at′ ,
⎧
⎩ Φ+ a > Φ+ a and Φ− a � Φ− a
t
t
t′ 
t′ .

(3)

(4)

Step 1 (determination of the best ((fi ∗ ) and the worst
((f−i ) values of each criterion). The best values should be
determined as the maximum point of beneﬁcial criteria and
the minimum point of the criteria that cause cost. If the
criterion-i is the beneﬁcial criterion, then fi ∗ and f−i can be
obtained by using the following formulas:

(5)

f∗i � maxfij ,

(9)

f−i � minfij .

(10)

at is indiﬀerent to alternative at′ (at Iat′ ) if
Φ+ at  � Φ+ at′  and Φ− at  � Φ− at′ .
at is incomparable to at′ (at Rat′ ) if
⎧ Φ+ at  > Φ+ at′  and Φ− at  > Φ− at′ ,
⎨
⎩ Φ+
at  < Φ+ at′  and Φ− at  < Φ− at′ .

j

Using PROMETHEE II, the net ﬂow of an alternative at
(Φnet (at )) can be calculated with
Φnet at  � Φ+ at  − Φ− at .

at Iat′  if Φ

net

net

at  � Φ

at′ .

j

(6)

And the net ranking results of the alternatives can be found
by
at Pat′  if Φnet at  > Φnet at′ ,

2.4. Fuzzy VIKOR. The basis of the VIKOR (Multicriteria
Optimization and Compromise Solution) method is based
on the determination of a compromise solution in the light
of alternatives and within the scope of the evaluation criteria.
This compromise solution has been determined as the
closest solution to the ideal solution [80, 81]. With the
expression of a compromise solution, it is understood that
by creating a multicriteria ranking index for alternatives, the
closest decision is made to the ideal solution under certain
conditions. Under the assumption that each alternative is
evaluated on the basis of decision-making criteria, consensus
ranking is achieved by comparing the values of proximity to
the ideal alternative [82]. This technique is also based on
obtaining the ranking results of alternatives with maximum
group beneﬁt and therefore minimum regret of individuals.
After constructing the decision matrix of the MCM problem
with specifying the importance weights of each criterion, the
steps of the VIKOR method can be summarized as follows.

(7)
(8)

fij denotes the value of the j-th criterion of the i-th
alternative.

Step 2 (obtaining the Utility (Si ) and Regret (Ri ) values for
each alternative). The utility (Si ) and regret (Ri ) values of the
alternative-i can be calculated by using the following formulas:
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Table 1: Criteria of the COVID-19 treatment options and their importance weights with fuzzy linguistic scale.

Linguistic scale for
evaluation

Triangular fuzzy scale

Very high (VH)

(0.75, 1, 1)

Important (H)
Medium (M)
Low (L)
Very low (VL)

(0.50, 0.75, 1)

n

Si �  wi 
i�1

Side eﬀects, regime cost, number of tablets, dose frequency, treatment duration, plasma
stability, plasma turnover, time of suppression, practicability, drug-drug interaction,
compliance, fever, pneumonia, intensive care, organ failure, macrophage activation
syndrome, hemophagocytic syndrome
Age, pregnancy, GFR
Intravenous form, oral form, false prescription
Ineﬃcient drug combination
-

f∗i − f(ij)
,
f∗i − f−i

Ri � maxwi 
j

Importance ratings of criteria

f∗i − f(ij)
,
f∗i − f−i

DQ �

(11)

(12)

where wi denotes the importance weights of the criterion-j,
which represents the relative importance degrees.
Step 3 (computing the value of Qj and ranking the alternatives accordingly). Qj values can be obtained based on the
relation given as
Sj − minSj 
Rj − minRj 
⎥⎦⎤ +(1 − v)⎢⎣⎡
⎥⎦⎤,
Qj � v⎢⎣⎡
maxSj  − minSj 
maxRj  − minRj 

1
,
(m − 1)

(15)

where m indicates the number of the alternatives.
Condition 2 (acceptable stability): A′ should have the
minimum (best) value/s of the Rj and/or Sj between
all of the alternatives.
In VIKOR, if the best alternative with the min (Qj )
does not satisfy one of the given conditions, then the
compromise solutions set can be proposed as follows:
(i) If only condition 2 is not satisﬁed, one has A′ and
’
A′
(ii) If the ﬁrst condition is not satisﬁed, one has
’
A′ , A ′ , ..., AM where M represents the maximum
decision points that meet the condition

(13)
where v ∈ [0, 1] and represents the weight/level of the
strategy that indicates the maximum group utility and (1 −
v) represents the weight/level of the individual regret. The
value of v is most commonly used as 0.5, so as in this study.
When v value (>0.5) is chosen high, it is stated that the
majority tend to show a positive attitude toward Qj index.
When the v value (<0.5) is chosen less, it means that the
majority shows a negative attitude. In general, it is assumed
that the evaluation expert groups (positive and negative)
have a conciliatory attitude by selecting the y value � 0.5
[83].
The alternative with the smallest Qj value is indicated as
the best option within the group of alternatives. And, the
ranking can be obtained accordingly.
However, in order to consider the alternative with a
minimum value of Qj as the best alternative with an acceptable advantage, it must meet the following conditions:
Condition 1 (acceptable advantage): the acceptable
advantage is the existence of a signiﬁcant diﬀerence
between the best and the closest options, which should
be calculated as
Q A′′  − Q A′  ≥ DQ .

(14)

A denotes the best alternative with the minimum Q
′
’
value and A ′ denotes the second-best alternative with
the second minimum Qj .

QAM  − Q A′  < DQ .

(16)

3. Results
Table 2 shows the complete ranking results of the COVID-19
treatment options with the positive, negative, and net ﬂow
ranking of the alternatives. According to the table, plasma
exchange and FVP outrank the other treatment options with
net ﬂows of 0.0268 and 0.0265, respectively, followed by
IVIG. The least ranked COVID-treatment option is
hydroxychloroquine with a net ﬂow of −0.0502. Similarly,
Figure 1 shows the strong and weak points of the COVID-19
treatment options.
These results of the VIKOR technique validate the
ranking results of the PROMETHEE technique. Using the
VIKOR method, we obtained almost the same net ranking
for the selected COVID-19 treatment alternatives as seen in
Table 3.

4. Discussion
In our study, we compared the treatment applications used
in COVID-19 treatment between December 2019 and March
2020 with MCDM methods. Clinical studies of the treatment
methods used are still ongoing. In our study, the plasma
exchange method was found to be the best method among
the treatment options, similar to clinical applications. It has

Practicibility
False prescript.
Oral form
Compliance
GFR
Dose frq.
Pregnancy
Treatment dur.
Regime cost
Age

Practicibility
False prescript.
Oral form
GFR
Dose frq.
Treatment dur.
Regime cost
Side effect

Practicibility
False prescript.
Oral form
Age
GFR
Side effect
Plasma turnover
Plasma stability
Regime cost
Organ fail.

Remdesivir

Practicibility
Oral form
Time of supr.
Compliance
GFR
Fever
Pneumonia
Dose frq.
Treatment dur.
Drug-drug int.

Interferon

Organ fail.
Macrophage act. synd.
Hemophagocytic synd.
Intensive care
Side effect
Age
Plasma turnover
Plasma stability
Size of tablet
False prescript.
Intravenous form
Regime cost
Number of tablets
Pregnancy
Inefficient drug comb.
Cancer

Lopinavir/ritonavir

Practicibility
Side effect
Age
GFR
Dose frq.
Oral form
Regime cost
Number of tablets
Pregnancy
Cancer

Treatment dur.
Drug-drug int.
Regime cost
Dose frq.
Oral form
Pregnancy
Drug-drug int.
Cancer

Oseltamivir +
hydroxychloroquine
Practicibility
False prescript.
Inefficient drug comb.
Time of supr.
Compliance
Practicibility
Age
GFR
False prescript.
False prescript.
Intravenous form
Time of supr.
Inefficient drug comb.
Side effect
Compliance
Intravenous form
Fever
Size of tablet
Plasma turnover
GFR
Plasma stability
Intravenous form
Size of tablet
Plasma stability
Compliance
Side effect
Treatment dur.
Organ fail.
Intensive care
Time of supr.
Number of tablet
Plasma turnover
Fever
Plasma stability
Organ fail.
Macrophage act. synd. Macrophage act. synd.
Treatment dur.
Hemophagocytic synd. Hemophagocytic synd.
Age
Organ fail.
Pneumonia
Plasma turnover
Intensive care
Macrophage act. synd.
Pneumonia
Hemophagocytic synd.
Intensive care

Hydroxychloroquine+

Drug-drug int.
Pneumonia
Fever
Dose frq.
Size of tablet
Oral form
Regime cost
Number of tablets
Pregnancy
Inefficient drug comb.
Cancer

Practicibility
False prescript.
Inefficient drug comb.
Compliance
GFR
Intravenous form
Side effect
Plasma turnover
Plasma stability
Treatment dur.
Number of tablet
Organ fail.
Time of supr.
Fever
Size of tablet
Macrophage act. synd.
Hemophagocytic synd.
Pneumonia
Intensive care

Hydroxychloroquine

Regime cost
Age
Dose frq.
Oral form
Pregnancy
Drug-drug int.
Cancer

–1

0

+1

Plasma exchange
Favipravir
Intravenous immunoglobulin (IVIG)
Interleukin-1 blocker
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Table 2: Complete ranking of COVID-19 treatment options with PROMETHEE.
Net ﬂow Φnet (at ) Positive ﬂow Φ+ (at ) Negative ﬂow Φ− (at )
0.0364
0.0361
0.0318
0.0335
0.0342
0.0340
0.0283
0.0165
0.0239
0.0103
0.0108
0.0095
0.0096
0.0120
0.0135
0.0158
0.0162
0.0144
0.0352
0.0588
0.0487
0.0609

Figure 1: Positive and negative aspects of each COVID-19 treatment option. The higher the criterion stands in the graph in the positive side,
the higher it contributes to the positive side of the technique. Similarly, the lower the criterion stands in the graph on the negative side, the
higher it contributes to the negative side of the technique.
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Table 3: Complete ranking of COVID-19 treatment options with VIKOR.

Complete ranking
1
2
3
4
5
6
7
8
9
10
11

Alternatives
Plasma exchange
Favipravir
Intravenous immunoglobulin
Interleukin-1 blocker
Remdesivir
Interferon
Tocilizumab
Oseltamivir + hydroxychloroquine + azithromycin
Lopinavir/ritonavir
Oseltamivir + hydroxychloroquine
Hydroxychloroquine

been suggested that plasma from cured patients should be
used for treatment [84]. Indeed, healing patients often have a
high level of antibodies to the pathogen present in their
blood. Antibodies are immunoglobulin produced by
B lymphocytes to ﬁght pathogens and other foreign bodies,
to recognize and neutralize unique molecules in pathogens
[85]. Based on this, patients who recovered from COVID-19
recovered and were injected plasma into serious patients
after collection and processing, and within 24 hours, there
was a decrease in inﬂammation and viral loads as well as an
improvement in oxygen saturation in the blood [86].
FVP was found to be the second-best method of treatment for COVID-19 patients. The patients who were treated
with FVP showed faster viral clearance, shorter fever period,
and improvement in radiological ﬁndings in Wuhan [87].
The third best one was found to be IVIG which may also play
a role in the control of the immune system, where there is a
high level of inﬂammation. Improvement in the poor
prognosis stage of the disease is poor, and IVIG can be
quickly recognized and applied for this treatment [13].
When we compared the methods related to the criteria,
the others were interleukin-1 blocker, remdesivir, interferon,
tocilizumab,
oseltamivir + hydroxychloroquine + azithromycin, lopinavir/ritonavir,
oseltamivir + hydroxychloroquine,
and
hydroxychloroquine. These criteria are very important, not
only for patients but also for treatment practitioners.
The spread of COVID-19 is continuing at a rapid pace. It
is very important to discover eﬀective treatment or prophylactic agents among measures such as staying at home,
hand hygiene, wearing masks, and so on to stop the pandemic. Health professionals and the global scientiﬁc community are waiting for new evidence to emerge soon to
manage COVID-19. Until this evidence emerges, it is
necessary to continue using the treatment methods that have
shown eﬀectiveness. The treatment methods that we evaluated with MCDM methods will be beneﬁcial for both
healthcare users and to rapidly end the global pandemic.
In this study, an average patient was considered to show
the method’s applicability, so the patient proﬁle such as
gender or disease stage was not included in the analysis.
However, this study can be extended to include all possible
factors since fuzzy PROMETHEE and VIKOR are able to
support a large number of inputs. Another limitation of this

Qj
0
0.013387978
0.050273224
0.093442623
0.113934426
0.116393443
0.125136612
0.310382514
0.337978142
0.449726776
0.5

Sj
5.1
5.345
6.02
6.81
7.185
7.23
7.39
10.78
11.285
13.33
14.25

Rj
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92

study is the fact that treatment selection might be diﬀerent
for patients in the acute phase than those in the stable phase
which was not considered in this study.
The proposed method is applicable for analyzing the
alternatives to the selection problem with quantitative and
qualitative data. In addition, it allows the decision-maker to
deﬁne the problem simply under uncertainty. One of the
limitations of this technique is that there is no method for
determining the weight of the criteria. Therefore, expert
opinion is of great importance in establishing criteria
weights for this model to give accurate results in practical
applications.

5. Conclusion
In this study, we analyzed diﬀerent treatment options for
COVID-19 treatment using fuzzy PROMETHEE and
VIKOR methods. Overall, there is no globally approved
speciﬁc antiviral drug available for COVID-19. All drug
options come from the experience of treating SARS, MERS,
or other new inﬂuenza viruses. Active symptomatic support
is the key to treatment. The above medicines will help, and
their eﬃcacy needs further conﬁrmation. New alternatives
and criteria could be considered once they are available in
the future, and weights could be assigned based on the
opinions of the decision-makers (physicians/clinicians). We
showed the applicability of the MCDM techniques in
informing decision-makers in terms of choosing the right
treatment technique for the management of COVID-19.
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