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Abstract. A high incidence of patient readmission in a hospital is a public health problem to consider. This 

investigation aims to address this problem at the "Luis Gabriel Dávila" hospital in the Province of Carchi, Ecuador, 

in its emergency area, where readmission incidence is considered in a time span of 48 hours. For this end, 

Neutrosophic DEMATEL method was used as the technique that studies the cause-effect relationships to allow 

decision-making in the problems solution of this type. Neutrosophic DEMATEL includes the modeling of 

indeterminacy due to the lack of information, or contradictory, paradoxical or inconsistent information. This paper 

uses a scale of linguistic terms, which is an advantage for experts to emit their criteria. A team of three experts is 

selected, who evaluated twelve factors related to this topic. 

 

Keywords: patient readmission, Neutrosophic DEMATEL, single-valued trapezoidal neutrosophic number, single-

valued triangular neutrosophic number. 

1 Introduction 

The present study was carried out in the Province of Carchi, Canton Tulcán, in the Hospital "Luis Gabriel 
Dávila" emergency area, where the high incidence of patient readmissions related to the complication and 

progression of the disease was evidenced. There is considered as objective, to implement intervention strategies 
on internal factors in the emergency service, thus contributing to risk factors reduction that occur at the time of 

admission to a hospital unit. When analyzing different investigations, it was confirmed that the personnel who 
works within the service believes that knowledge about the causes of patient readmission is limited, which 

creates a problem for their care; see [1]. 
Hospital readmissions represent a public health problem, given that they are due to complex relationships 

between health status and functionality, in-hospital care and management, interactions between the patient, his 
(her) family environment and the community; see [2-3]. 

It is very important to know that when analyzing readmissions, there is a need to have valid information on 

the quality of care, since this has led to the monitoring of various clinical indicators in other investigations that 
allow detecting failures in health systems related to hospital readmissions. In hospital emergency services, it 

has been proposed to use the ‘emergency return rate’ as an indicator of quality, along with others such as 
‘voluntary discharge’, ‘mortality’ or ‘claims’. 

When reviewing some current research, it is identified that the results were shown in proportion to the fact 
that hospital readmissions are frequent, potentially preventable, costly events associated with high morbidity 

and mortality. There exist few papers that have investigated the causes of hospital readmissions; the most 
classical is the publication in 1990 by Pierce et al., see [4][1], which classified its causes into 4 groups, viz., 
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‘related to the patient’, ‘the doctor’, ‘the health system’ and ‘the disease’. 
Other authors have used a classification in three groups of causes: ‘related to the patient’, ‘the doctor’ and 

‘the disease’. Over the years, research on hospital readmissions has changed its approach and opened the way 
to new information; according to Caballero et al., see [5][2], they have described new factors associated with 

hospital readmissions, such as: hospital stay, severity of the disease, co-morbidities, number of pre-emergency 
or hospitalizations, male sex, being over 65 years and deficiencies in care. 

In analyzing a research conducted in the United States, readmission policies, as well as clinical interventions 

to reduce them, have focused mainly on health plans, to improve the quality of care and solve the potential 
problems of patients, and others are increasingly committed to broad population-based strategies that will 

optimize the transitions of care and health of all people, regardless of their age. 
According to the National Development Plan A Lifetime in Ecuador, Objective 1 indicates guaranteeing a 

dignified life with equal opportunities for all people. On the other hand, it mentions that health “is constituted 
as a fundamental component of a dignified life, since it has such a repercussion at the individual level and in 

the collective as well. The absence of it can bring inter-generational effects. This integral vision of health and 
its determinants urges to provide the conditions for the enjoyment of health in an integral manner, which 

includes not only physical but also mental health. The people’s mental health requires significant attention to 
face growing problems, such as disorders related to depression and anxiety, which limit and condition the 

potential of a society for its development”, see [6]. 
In Ecuador there exist few readmission publications and the impact they generate on resources and the 

provision of health services. This study aims to establish the main causes of hospital readmission, internal 
factors in the provision of services and improve the quality of care provided by health personnel within the 

emergency service. Integrating information from clinical-administrative databases of hospital care improves the 
ability to identify factors associated with an increased risk of patient readmission that could be used to propose 

strategies and a possible solution to the problem. 
The mathematical model utilized to solve this problem is Neutrosophic DEMATEL. DEMATEL is a 

method consisting in a cause-effect matrix among a set of factors, containing the level of influence of each 

other, see [7-11]. A final matrix is obtained indicating the importance of every one of these factors, and also a 
causal diagram can be depicted to represent the weight of them. Neutrosophic DEMATEL is the neutrosophic 

approach to this method, where the indeterminacy is including for modelling by means of the single-valued 
trapezoidal neutrosophic number; see [12]. The single-valued trapezoidal neutrosophic number contains three 

membership functions, one representing truthfulness, a second one representing indeterminacy and a third one 
representing falseness, all of them having a trapezoidal shape, see [13][3]. 

In this paper we use a linguistic neutrosophic scale to measure the degree of influence of every pair of 
factors. This is an advantage, because natural language is more comprehensible for experts than a numeric one. 

Moreover, neutrosophic numbers are more accurate than fuzzy or fuzzy intuitionistic ones. 
The present paper is divided as follows; the first section is devoted to expose the main concepts and the 

Neutrosophic DEMATEL method. Next, a section of Results shows the calculations we made to solve the 
problem, and finally, last section contains the conclusions. 

2 Preliminaries 

This section exposes the main definitions and the Neutrosophic DEMATEL method itself. The point of 

depart in the DEMATEL method is a cause-effect matrix containing the degree of influence of every factor over 
the others, provided by an experts’ group. Particularly, Neutrosophic DEMATEL uses calculus based on single-

valued trapezoidal neutrosophic numbers, see Definition 1. 

 
Definition 1. ([13-15]) Suppose αã, βã, γã ∈ [0, 1] and a1, a2, a3, a4ℝ, where a1 ≤a2 ≤a3 ≤a4.Then, a single-

valued trapezoidal neutrosophic number a =(a1,a2,a3,a4); αã, βã, γã is a special neutrosophic set on the real line 
set ℝ, whose truth-membership, indeterminacy-membership and falsity-membership functions are defined as: 

 

Tã(x) =

{
 
 

 
 
α
ã(

x−a1
a2−a1

),     a1≤x≤a2

αã,                         a2≤x≤a3
α
ã(

a4−x

a4−a3
),     a3≤𝑥≤a4

0, otherwise

                                 (1) 
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Iã(x) =

{
 
 

 
 

(a2−x+βã(x−a1))

a2−a1
,        a1 ≤ x ≤ a2

βã  ,                                           a2 ≤ x ≤ a3
(x−a2+βã(a4−x))

a4−a3
,      a3 ≤ x ≤ a4

1,                                        otherwise

                                 (2) 

Fã(x) =

{
 
 

 
 

(a2−x+γã(x−a1))

a2−a1
,        a1 ≤ x ≤ a2

γã  ,                                           a2 ≤ x ≤ a3
(x−a3+γã(a4−x))

a4−a3
,      a3 ≤ 𝑥 ≤ a4

1,                                        otherwise

                                 (3) 

Where αã, βã, γã typify the maximum truth-membership degree, the minimum indeterminacy-membership 

degree and the minimum falsity-membership degree, respectively. A single-valued trapezoidal neutrosophic 
number a = (a1,a2,a3,a4); αã, βã, γã may express an imprecise quantity of the range, which it approximately equals 

to the interval [a2, a3]. 

Definition 2. ([13-15]) Let ã =  〈(a1, a2, a3);αã, βã, γã〉; αã, βã, γã and b̃ =  〈(b1, b2, b3); αb̃, βb̃, γb̃〉; 

αã, βã, γã be two single-valued trapezoidal neutrosophic numbers, and  be any real number. Then we have 

the following operations: 

1. Addition of two trapezoidal neutrosophic numbers: 

ã + b̃ = 〈(a1 + b1 , a2 + b2, a3+ b3 , a4 + b4); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 

2. Subtraction of two trapezoidal neutrosophic numbers: 

ã − b̃ = 〈(a1 − b4, a2− b3 , a3 − b2, a4− b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 

3. Inverse of trapezoidal neutrosophic numbers: 

ã−1 = 〈(a4
−1, a3

−1, a2
−1, a1

−1);αã, βã, γã〉, where a1, a2, a3, a4 ≠ 0. 

4. Multiplication of trapezoidal neutrosophic numbers by a constant value: 

λã = {
〈(λa1, λa2, λa3, λa4);αã, βã, γã〉,        λ > 0
〈(λa4, λa3, λa2, λa1);αã, βã, γã〉,        λ < 0

 

5. Division of two trapezoidal neutrosophic numbers: 

ã

b̃
=  

{
 
 

 
 〈(

a1
b4
,
a2
b3
,
a3
b2
,
a4
b1
) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a4 > 0 and b4 > 0 

〈(
a4
b4
,
a3
b3
,
a2
b2
,
a1
b1
) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a4 < 0 and  b4 > 0

〈(
a4
b1
,
a3
b2
,
a2
b3
,
a1
b4
) ; αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 , a4 < 0 and  b4 < 0

 

6. Multiplication of trapezoidal neutrosophic numbers: 

ãb̃ =  {

〈(a1b1, a2b2, a3b3, a4b4); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,        a4 > 0 and  b4 > 0 

〈(a1b4, a2b3, a3b2, a4b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉, a4 < 0 and  b4 > 0

〈(a4b4, a3b3, a2b2, a1b1);αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉,         a4 < 0 and  b4 < 0

 

The Neutrosophic DEMATEL analysis is explained as follows, see [12]: 

Step1.Identifying decision goals: collecting relevant information presenting the problem.  
1. Selection of experts and decision makers that have experience in the field.  
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2. Identifying the relevant criteria to the problem. 
Step 2. Pair-wise comparison matrices between relevant criteria. 

1. Identify the criteria, Criteria = (F1, F2, F3,…, Fn). 
2. Experts make pair-wise comparisons matrices between criteria. 

a. Interpret each value for each criterion compared to other one in a trapezoidal neutrosophic number 
(ljk,mjkl,mjku,ujk), j,k = {1,2,…,n}. 

b. Make comparisons between criteria by each expert as shown in Table 1.  

c. Focuses only on (n−1) consensus judgments using a scale from 0 to 1. 
3. Experts should determine the maximum truth-membership degree (α), the minimum indeterminacy-

membership degree (β) and the minimum falsity-membership degree (γ) of single-valued neutrosophic numbers 
as shown in Table 2. 

4. Determine the crisp value of each opinion as shown in Table 3, using Equations 4 or 5: 
 

Criteria F1 F2 … Fn 

F1 (l11,m11l,m11u,u11) (l12,m12l,m12u,u12) … (l1n,m1nl,m1nu,u1n) 

F2 (l21,m21l,m21u,u21) (l22,m22l,m22u,u22) … (l2n,m2nl,m2nu,u2n) 

… … … … … 

Fn (ln1,mn1l,mn1u,un1) (ln2,mn2l,mn2u,un2) … (lnn,mnnl,mnnu,unn) 

Table 1: The pair-wise comparison matrix between criteria. 

 
 

Criteria F1 F2 … Fn 

F1 (l11,m11l,m11u,u11; α11,β11,γ11) (l12,m12l,m12u,u12; α12,β12,γ12) … (l1n,m1nl,m1nu,u1n; α1n,β1n,γ1n) 

F2 (l21,m21l,m21u,u21; α21,β21,γ21) (l22,m22l,m22u,u22; α22,β22,γ22) … (l2n,m2nl,m2nu,u2n; α2n,β2n,γ2n) 

… … … … … 

Fn (ln1,mn1l,mn1u,un1; αn1,βn1,γn1) (ln2,mn2l,mn2u,un2; αn2,βn2,γn2) … (lnn,mnnl,mnnu,unn; αnn,βnn,γnn) 

Table 2: The pair-wise comparison matrix between criteria with the α, β and γ degree. 

 

Criteria F1 F2 … Fn 

F1 CV11 CV12 … CV1n 

F2 CV21 CV22 … CV2n 

… … … … … 

Fn CVn1 CVn2 … CVnn 

Table 3: The crisp values of comparison matrix.  

 

Criteria F1 F2 … Fn 

F1 CV̅̅̅̅ 11 CV̅̅̅̅ 12 … CV̅̅̅̅ 1n 

F2 CV̅̅̅̅ 21 CV̅̅̅̅ 22 … CV̅̅̅̅ 2n 

… … … … … 

Fn CV̅̅̅̅ n1 CV̅̅̅̅ n2 … CV̅̅̅̅ nn 

Table 4: Integration of the average opinions of all experts. 

S(ãij) =
1

16
[a1 + b1 + c1 + d1](2 + αã − βã − γã)                                 (4) 

A(ãij) =
1

16
[a1+ b1 + c1 +d1](2+ αã − βã + γã)                                 (5) 

Step 3. Integration of matrices. All opinions of experts need to be integrated into one matrix presenting the 
average opinions of all experts about each criterion, as shown in Table 4 using Equation 6. 

CV̅̅̅̅ lm =
∑ CVlmi
k
j=1

k
                                 (6) 

Where k is the number of experts and CVlmi is the crisp value in Table 3 corresponding to expert i. We 
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obtain the average for all values as in the matrix in Table 4. 
Step 4. Generating the direct relation matrix. 

This matrix is obtained from previous Step 3, i.e. the integrating of all averaged opinions of experts. An 
initial direct relation matrix A is a n×n matrix obtained by pair-wise comparisons, S = [sij]n×n. Sij denotes the 

degree to which the criterion i affects the criterion j. 

Step 5. Normalizing the direct relation matrix. 
The normalized direct relation matrix can be obtained using the Equation 7 and 8: 

K =
1

max1≤i≤n∑ aij
n
j=1

                                 (7) 

S = K × A                                 (8) 

Step 6. Attaining the total relation matrix. The total relation matrix is acquired using the formula 9 from the 

generalized direct relation matrix S. A total relation matrix (T), in which ‘I’ denotes the identity matrix, is 
shown as follows: 

T = S(I − S)−1                                 (9) 

Step 7. Obtaining the sum of rows and columns. 
The sum of rows of T is denoted by D, and the sum of columns is denoted by R. Calculate R+D and D-R. 

Calculate T, where T= [aij]n×n, i, j=1, 2… n. 

D =  [∑ aij
n
i=1 ]

1×n
= [aj]n×1                                 (10) 

R =  [∑ aij
n
j=1 ]

1×n
= [ai]n×1                                 (11) 

Step 8. Drawing cause and effect diagram  
The causal diagram is obtained by the horizontal axes is presented by (D+R) and the vertical axes (D−R) 

which is a degree of relation and it depicts the steps of proposed model. 
Remark 1. Let us observe that we can reduce the complexity of the calculus if the single-valued trapezoidal 

neutrosophic numbers are converted to single-valued triangular neutrosophic numbers, where a2 = a3 in 
Equations 1, 2 and 3, see [16]. 

Additionally, we use the neutrosophic linguistic scale summarized in Table 5 to assess the criteria. 
 

Linguistic Term Single-valued triangular neutrosophic number 

No influence (NI) 0̃ =  〈(0, 0, 0); 0.50,0.50, 0.50〉 

Very low influence (VLI) 1̃ =  〈(0, 1, 2); 0.30,0.75, 0.70〉 

Low influence (LI) 2̃ =  〈(1, 2, 3); 0.80,0.15, 0.20〉 

High influence (HI) 3̃ =  〈(2, 3, 4); 0.90,0.10, 0.10〉 

Very high influence (VHI) 4̃ =  〈(4, 4, 4); 1.00,0.00, 0.00〉 

Table 5: Linguistic terms used to measure influences and their corresponding Single-valued triangular neutrosophic number. 

3 Results 

In this section Neutrosophic DEMATEL is applied to the problem on the emergency service of the “Luis 

Gabriel Dávila” hospital that causes the readmission of patients within 48 hours. We start identifying the main 
factors that affect this phenomenon; they are summarized in Table 6, see [1][4]. 

 

Causes related to the patient F1: Therapeutic breach 

F2:Psychiatric disorder 

F3:Volunteer registration or fugue without being seen by a doctor 

F4:Regular use of Hospital Urgency System for non-urgent problems 

F5:Anxiety 

Causes related to professionals F6:Error in diagnosis or treatment error 

F7:Initialy patient must have entered in emergency 

F8:Instructions to return or patient was called to return 

Causes related to system F9:No specialist available 

Causes related to the disease F10:Disease progression and disease recurrence 
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F11:Complication 

F12:New problem 

Table 6: The most important factors that cause the readmission problem.  

 

Three experts were selected to form the cause-effect matrix based on the linguistic scale in Table 6. Tables 
7, 8 and 9 contain their assessments. 

 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0̃ 1̃ 3̃ 0̃ 0̃ 0̃ 0̃ 0̃ 3̃ 4̃ 4̃ 3̃ 

F2 3̃ 0̃ 3̃ 3̃ 3̃ 0̃ 1̃ 0̃ 0̃ 2̃ 2̃ 2̃ 

F3 1̃ 0̃ 2̃ 0̃ 0̃ 0̃ 0̃ 3̃ 1̃ 3̃ 3̃ 3̃ 

F4 3̃ 0̃ 2̃ 0̃ 0̃ 0̃ 0̃ 0̃ 4̃ 0̃ 0̃ 0̃ 

F5 3̃ 1̃ 4̃ 3̃ 0̃ 0̃ 0̃ 0̃ 0̃ 0̃ 0̃ 1̃ 

F6 0̃ 0̃ 2̃ 0̃ 3̃ 0̃ 3̃ 3̃ 0̃ 3̃ 3̃ 3̃ 

F7 0̃ 0̃ 0̃ 0̃ 3̃ 0̃ 0̃ 3̃ 0̃ 3̃ 3̃ 3̃ 

F8 3̃ 0̃ 0̃ 0̃ 2̃ 0̃ 1̃ 0̃ 0̃ 0̃ 0̃ 0̃ 

F9 3̃ 0̃ 3̃ 3̃ 3̃ 4̃ 3̃ 3̃ 0̃ 3̃ 3̃ 3̃ 

F10 2̃ 0̃ 0̃ 2̃ 3̃ 0̃ 0̃ 3̃ 0̃ 0̃ 4̃ 3̃ 

F11 3̃ 0̃ 0̃ 0̃ 3̃ 0̃ 0̃ 3̃ 0̃ 3̃ 0̃ 3̃ 

F12 3̃ 0̃ 0̃ 0̃ 3̃ 0̃ 0̃ 3̃ 0̃ 3̃ 3̃ 0̃ 

Table 7: The pair-wise comparison matrix between criteria corresponding to Expert 1. 

 
 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0̃ 0̃ 2̃ 1̃ 1̃ 1̃ 1̃ 0̃ 4̃ 4̃ 4̃ 4̃ 

F2 3̃ 0̃ 4̃ 2̃ 2̃ 0̃ 2̃ 1̃ 1̃ 3̃ 1̃ 1̃ 

F3 0̃ 0̃ 0̃ 0̃ 1̃ 0̃ 0̃ 4̃ 0̃ 4̃ 2̃ 4̃ 

F4 4̃ 0̃ 1̃ 0̃ 0̃ 0̃ 0̃ 1̃ 3̃ 1̃ 1̃ 0̃ 

F5 2̃ 2̃ 4̃ 2̃ 0̃ 1̃ 1̃ 0̃ 0̃ 0̃ 1̃ 0̃ 

F6 0̃ 1̃ 1̃ 0̃ 2̃ 0̃ 2̃ 4̃ 0̃ 2̃ 2̃ 4̃ 

F7 0̃ 0̃ 0̃ 0̃ 4̃ 1̃ 0̃ 4̃ 1̃ 2̃ 3̃ 2̃ 

F8 2̃ 0̃ 0̃ 0̃ 1̃ 1̃ 1̃ 0̃ 0̃ 1̃ 0̃ 1̃ 

F9 2̃ 0̃ 2̃ 2̃ 3̃ 3̃ 4̃ 4̃ 0̃ 2̃ 2̃ 2̃ 

F10 3̃ 0̃ 0̃ 2̃ 2̃ 1̃ 1̃ 4̃ 0̃ 0̃ 3̃ 4̃ 

F11 2̃ 1̃ 0̃ 0̃ 4̃ 0̃ 0̃ 2̃ 1̃ 4̃ 0̃ 4̃ 

F12 4̃ 1̃ 1̃ 0̃ 2̃ 0̃ 1̃ 2̃ 0̃ 2̃ 2̃ 0̃ 

Table 8: The pair-wise comparison matrix between criteria corresponding to Expert 2. 

 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0̃ 0̃ 2̃ 0̃ 0̃ 0̃ 1̃ 1̃ 4̃ 3̃ 3̃ 4̃ 

F2 2̃ 0̃ 2̃ 3̃ 4̃ 1̃ 2̃ 0̃ 0̃ 1̃ 3̃ 1̃ 

F3 0̃ 0̃ 0̃ 1̃ 0̃ 0̃ 0̃ 2̃ 0̃ 2̃ 2̃ 2̃ 

F4 2̃ 1̃ 1̃ 0̃ 1̃ 1̃ 1̃ 1̃ 3̃ 1̃ 0̃ 0̃ 

F5 2̃ 2̃ 3̃ 4̃ 0̃ 1̃ 1̃ 0̃ 0̃ 0̃ 0̃ 2̃ 

F6 0̃ 1̃ 1̃ 1̃ 2̃ 0̃ 2̃ 2̃ 1̃ 2̃ 3̃ 2̃ 

F7 0̃ 1̃ 0̃ 1̃ 4̃ 0̃ 0̃ 4̃ 0̃ 2̃ 4̃ 3̃ 

F8 2̃ 0̃ 1̃ 1̃ 1̃ 0̃ 2̃ 0̃ 0̃ 0̃ 0̃ 0̃ 

F9 4̃ 0̃ 2̃ 2̃ 2̃ 3̃ 4̃ 4̃ 0̃ 2̃ 2̃ 2̃ 

F10 3̃ 0̃ 0̃ 1̃ 2̃ 1̃ 0̃ 4̃ 0̃ 0̃ 3̃ 4̃ 

F11 3̃ 0̃ 1̃ 0̃ 2̃ 0̃ 0̃ 2̃ 0̃ 4̃ 0̃ 4̃ 

F12 4̃ 0̃ 0̃ 0̃ 4̃ 0̃ 0̃ 2̃ 1̃ 4̃ 2̃ 0̃ 

Table 9: The pair-wise comparison matrix between criteria corresponding to Expert 3. 

 
Table 10, 11 and 12 contain the crisp values of comparison matrices for Experts 1, 2 and 3 respectively, 
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using Equation 12, which is based on Equation 5 for single-valued triangular neutrosophic numbers. 

A(ãij) =
1

8
[a1 + b1 + c1](2 + αã − βã + γã)                                 (12) 

For calculation we use the free software Octave 4.2.1, see [17]. 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0 0.84 3.26 0 0 0 0 0 3.26 4.5 4.5 3.26 

F2 3.26 0  3.26 3.26 3.26 0 0.84 0 0 2.14 2.14 2.14 

F3 0.84 0 0 0 0 0 0 3.26 0.84 3.26 3.26 3.26 

F4 3.26 0 2.14 0 0 0 0 0 4.5 0 0 0 

F5 3.26 0.84 4.5 3.26 0 0 0 0 0 0 0 0.84 

F6 0 0 2.14 0 3.26 0 3.26 3,26 0 3.26 3.26 3.26 

F7 0 0 0 0 3.26 0 0 3.26 0 3.26 3.26 3.26 

F8 3.26 0 0 0 2.14 0  0.84 0 0 0 0 0 

F9 3.26 0 3.26 3.26 3.26 4.5 3.26 3.26 0 3.26 3.26 3.26 

F10 2.14 0 0 2.14 3.26 0  0 3.26 0 0 4.5 3.26 

F11 3.26 0 0 0 3.26 0 0 3.26 0 3.26 0 3.26 

F12 3.26 0 0 0 3.26 0 0 3.26 0 3.26 3.26 0 

Table 10: Crisp values of comparison matrix for Expert 1. 

 

 
 

 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0 0 2.14 0.84 0.84 0.84 0.84 0 4.5 4.5 4.5 4.5 

F2 3.26 0 4.5 2.14 2.14 0  2.14 0.84 0.84 3.26 0.84 0.84 

F3 0 0 0 0 0.84 0 0 4.5 0 4.5 2.14 4.5 

F4 4.5 0 0.84 0 0 0 0 0.84 3.26 0.84 0.84 0 

F5 2.14 2.14 4.5 2.14 0 0.84 0.84 0  0 0 0.84 0 

F6 0 0.84 0.84 0 2.14 0 2.14 4.5 0 2.14 2.14 4.5 

F7 0 0 0 0 4.5 0.84 0 4.5 0.84 2.14 3.26 2.14 

F8 2.14 0 0 0 0.84 0.84 0.84 0 0 0.84 0 0.84 

F9 2.14 0 2.14 2.14 3.26 3.26 4.5 4.5 0  2.14 2.14 2.14 

F10 3.26 0 0 2.14 2.14 0.84 0.84 4.5 0 0 3.26 4.5 

F11 2.14 0.84 0 0 4.5 0 0 2.14 0.84 4.5 0 4.5 

F12 4.5 0.84 0.84 0 2.14 0 0.84 2.14 0 2.14 2.14 0 

Table 11: Crisp values of comparison matrix for Expert 2. 

 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0 0 2.14 0 0 0 0.84 0.84 4.5 3.26 3.26 4.5 

F2 2.14 0 2.14 3.26 4.5 0.84 2.14 0 0 0.84 3.26 0.84 

F3 0 0 0 0.84 0 0 0 2.14 0 2.14 2.14 2.14 

F4 2.14 0.84 0.84 0 0.84 0.84 0.84 0.84 3.26 0.84 0 0 

F5 2.14 2.14 3.26 4.5 0 0.84 0.84 0 0 0 0 2.14 

F6 0 0.84 0.84 0.84 2.14 0 2.14 2.14 0.84 2.14 3.26 2.14 

F7 0 0.84 0 0.84 4.5 0 0 4.5 0 2.14 4.5 3.26 

F8 2.14 0 0.84 0.84 0.84 0 2.14 0 0 0 0 0 

F9 4.5 0 2.14 2.14 2.14 3.26 4.5 4.5 0 2.14 2.14 2.14 

F10 3.26 0 0 0.84 2.14 0.84 0 4.5 0 0 3.26 4.5 

F11 3.26 0 0.84 0 2.14 0 0 2.14 0 4.5 0 4.5 

F12 4.5 0 0 0 4.5 0 0 2.14 0.84 4.5 2.14 0 

Table 12: Crisp values of comparison matrix for Expert 3. 
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Table 13 is the matrix of the three experts’ averaged evaluations; see Equation 6. 

 

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

F1 0 0.28 2.51 0.28 0.28 0.28 0.56 0.28 4.09 4.09 4.09 4.09 

F2 2.89 0 3.3 2.89 3.3 0.28 1.71 0.28 0.28 2.08 2.08 1.27 

F3 0.28 0 0 0.28 0.28 0 0 3.3 0.28 3.3 2.51 3.3 

F4 3.3 0.28 1.27 0 0.28 0.28 0.28 0.56 3.67 0.56 0.28 0 

F5 2.51 1.71 4.09 3.3 0 0.56 0.56 0 0 0 0.28 0.99 

F6 0 0.56 1.27 0.28 2.51 0 2.51 3.3 0.28 2.51 2.89 3.3 

F7 0 0.28 0 0.28 4.09 0.28 0 4.09 0.28 2.51 3.67 2.89 

F8 2.51 0 0.28 0.28 1.27 0.28 1.27 0 0 0.28 0 0.28 

F9 3.3 0 2.51 2.51 2.89 3.67 4.09 4.09 0 2.51 2.51 2.51 

F10 2.89 0 0 1.71 2.51 0.56 0.28 4.09 0 0 3.67 4.09 

F11 2.89 0.28 0.28 0 3.3 0 0 2.51 0.28 4.09 0 4.09 

F12 4.09 0.28 0.28 0 3.3 0 0.28 2.51 0.28 3.3 2.51 0 

Table 13: Averaged crisp values of comparison matrices for the three experts. 

 

Applying Equation 7 we have K = 0.03268 and we obtained matrix S according to Equation 8, and T 
according to Equation 9. Thus, vectors D and R are obtained applying Equations 10 and 11, respectively, see 

Table 14. See also the depicted cause and effect diagram in Figure 1. 
 

 

Factor D R D+R D-R 

F1 1.89 1.62 3.51 0.27 

F2 0.29 1.44 1.73 -1.16 

F3 1.08 0.93 2.01 0.16 

F4 0.81 0.91 1.72 -0.10 

F5 1.67 0.99 2.66 0.68 

F6 0.40 1.32 1.72 -0.92 

F7 0.70 1.23 1.93 -0.53 

F8 1.75 0.49 2.24 1.26 

F9 0.71 2.12 2.84 -1.41 

F10 1.84 1.35 3.18 0.49 

F11 1.75 1.26 3.01 0.49 

F12 1.98 1.21 3.19 0.76 

Table 14: Vectors D, R, D+R and D-R. 

 

Figure 1: Cause and effect diagram. 
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According to the results in Table 14 and the diagram in Figure 1, we have that the most important factor in 
the entire system is F1, followed by F12, F10 and F11 in that order, because they have the biggest D+R index. 

Additionally, the net causes are F1, F3, F5, F8, F10, F11, F12, while F2, F4, F6, F7, F9 are the receivers; because 
factors in the first group have positive D-R values and those in the second group have negative values. 

Therefore the “Therapeutic breach” is the most important cause and authorities in the hospital should pay 

attention to this factor. Additionally, we have that the causes related to the disease are the second more 
important. 

 

Conclusion 

This article was devoted to studying the problem of readmission in a time span of 48 hours in the hospital 
"Luis Gabriel Dávila" placed in Carchi province, Ecuador. Three experts evaluated the cause-effect relationship 

between twelve factors by using a scale based on linguistic terms. The Neutrosophic DEMATEL method was 

applied and it was concluded that "Therapeutic breach" is the most important cause to pay more attention to, 
while the causes related to the disease are the second most important. 

References 

[1] Narváez-Ortiz, K. N. (2018). Internal factors in the emergency service of the "Luis Gabriel Dávila" Hospital that 

provide the readmission of patiens within 48 hours (Factores internos en el servicio de emergencia del Hospital 

"Luis Gabriel Dávila" que provocan el reingreso de los pacientes dentro de las 48 horas)(In Spanish). Bachelor 

Degree Thesis, Regional Autonomous University of Los Andes, Tulcán, Ecuador. 

[2] McCusker, J., Cardin, S., Bellavance, F. O. and Belzile, E. (2000). Return to the emergency department among 

elders: patterns and predictors. Academic Emergency Medicine, 7(3), 249-259. 

[3] Nuñez, S., Hexdall, A. and Aguirre-Jaime, A. (2006). Unscheduled returns to the emergency department: an 

outcome of medical errors? BMJ Quality & Safety, 15(2), 102-108. 

[4] Pierce, J. M., Kellerman, A. L. and Oster, C. (1990). “Bounces”: an analysis of short-term return visits to a public 

hospital emergency department. Annals of emergency medicine, 19(7), 752-757. 

[5] Caballero, A., Ibañez-Pinilla, M., Suárez-Mendoza, I. C. and Acevedo-Peña, J. R. (2016). Hospital readmission 

rate and associated factors among health services enrollees in Colombia (Frecuencia de reingresos hospitalarios y 

factores asociados en afiliados a una administradora de servicios de salud en Colombia)(In Spanish). Cad. Saúde 

Pública, 32(7), 1-12. 

[6] SEPLANDES. (2017). National Development Goals (Objetivos Nacionales de Desarrollo)(In Spanish). In P. N. 

Vida. Secretaría Nacional de Planificación y Desarrollo. Quito, Ecuador: Senplades 2017. 

[7] Fontela, E. and Gabus, A. (1974). DEMATEL: Progress achieved. Futures, 6, 361-363. 

[8] Hosseini, M. B. and Tarokh, M. J. (2013). Type-2 fuzzy set extension of DEMATEL method combined with 

perceptual computing for decision making. Journal of Industrial Engineering International, 9(1), 10. 

[9] Lee, H. S., Tzeng, G. H., Yeih, W., Wang, Y. J. and Yang, S. C. (2013). Revised DEMATEL: Resolving the 

Infeasibility of DEMATEL. Applied Mathematical Modelling, 37, 6746–6757. 

[10] Wu, H. H. and Tsai, Y. N. (2011). A DEMATEL method to evaluate the causal relations among the criteria in 

auto spare parts industry. Applied Mathematics and Computation, 218, 2334–2342. 

[11] Si, S. L., You, X. Y., Liu, H. C. and Zhang, P. (2018). DEMATEL Technique: A Systematic Review of the State-

of-the-Art Literature on Methodologies and Applications. Mathematical Problems in Engineering, 2018, 1-33. 

[12] Abdel-Basset, M., Manogaran, G., Gamal, A. and Smarandache, F. (2018). A hybrid approach of neutrosophic 

sets and DEMATEL method for developing supplier selection criteria. Design Automation for Embedded Systems, 

22, 257–278. 

[13] Ye, J. (2015). Trapezoidal neutrosophic set and its application to multiple attribute decision-making. Neural 

Computing and Applications, 26(5), 1157-1166. 

[14] Biswas, P., Pramanik, S. and Giri, B. C. (2016). Value and ambiguity index based ranking method of single-

valued trapezoidal neutrosophic numbers and its application to multi-attribute decision making. Neutrosophic Sets 

and Systems, 12, 127-138. 

[15] Abdel-Basset, M., Mohamed, M. and Sangaiah, A. K. (2018). Neutrosophic AHP-Delphi Group decision making 

model based on trapezoidal neutrosophic numbers. Journal of Ambient Intelligence and Humanized Computing, 

9(5), 1427-1443. 

[16] Abdel-Basset, M., Mohamed, M., Hussien, A. N. and Sangaiah, A. K. (2018). A novel group decision-making 

model based on triangular neutrosophic numbers. Soft Computing, 22(20), 6629-6643. 

[17] [17] Eaton, J. W., Bateman, D., Hauberg, S. and Wehbring, R. (2017). GNU Octave: A high-level interactive 

language for numerical computations version 4.2.1. Available at: 

http://www.gnu.org/software/octave/doc/interpreter 

http://www.gnu.org/software/octave/doc/interpreter


                 Neutrosophic Sets and Systems {Special Issue: Social Neutrosophy in Latin America}, Vol. 34, 2020         

R.M. Montalvo Pantoja; K.A. Narváez Ortiz; S. Guaytarilla Salas; O. Alonso Pico. Prioritization internal factors 

in the emergency service of the Luis Gabriel Dávila Hospital that cause the re-entry of patients within 48 hours 

based on neutrosophic dematel 

109 

[18] N. B. Hernandez, M. B. Ruilova Cueva, and B. N. Mazacón, “Prospective analysis of public management 

scenarios modeled by the Fuzzy Delphi method,” Neutrosophic Sets and Systems, vol. 26, no. 1, pp. 17, 2019. 

[19] K. P. Teruel, M. Y. L. Vázquez, I. K. F. Cedeño, S. V. Jimenez, and I. D. M. Sanchidrian, "Modelo matemático 

y procedimiento para evaluación por complejidad de los requisitos software." 

[20] J. E. Ricardo, N. B. Hernández, G. R. Zumba, M. C. V. Márquez, and B. W. O. Ballas, “EL ASSESSMENT 

CENTER PARA LA EVALUACIÓN DE LAS COMPETENCIAS ADQUIRIDAS POR LOS ESTUDIANTES 

DE NIVEL SUPERIOR,” Investigación Operacional, vol. 40, no. 5, pp. 638-643, 2019. 

[21] N. Batista Hernández, and N. Valcárcel Izquierdo, “Determinación de la prefactibilidad en la aplicación de una 

estrategia pedagógica para la formación de la competencia Emprender en la educación preuniversitaria como 

contribución a la formación integral del estudiante,” Dilemas Contemporáneos: Educación, Política y Valores, 

2018. 

 

 

 

 Received: October 1st, 2019       Accepted: February 06th, 2020 

   

 


