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Abstract: From the clinical viewpoint, the statistical approach is still the cornerstone for exploring
many diseases. This study was conducted to explore the risk factors related to acute kidney injury
(AKI) for elderly patients using the multiple criteria decision-making (MCDM) approach. Ten
nephrologists from a teaching hospital in Taipei took part in forming the AKI risk assessment model.
The key findings are: (1) Comorbidity and Laboratory Values would influence Comprehensive
Geriatric Assessment; (2) Frailty is the highest influential AKI risk factor for elderly patients; and
(3) Elderly patients could enhance their daily activities and nutrition to improve frailty and lower
AKIT risk. Furthermore, we illustrate how to apply MCDM methods to retrieve clinical experience
from seasoned doctors, which may serve as a knowledge-based system to support clinical prognoses.
In conclusion, this study has shed light on integrating multiple research approaches to assist medical
decision-making in clinical practice.

Keywords: acute kidney injury (AKI); geriatric; frailty; meta-analysis; multiple criteria decision-
making (MCDM); group decision

1. Introduction

There are roughly two types of clinical research methods in conventional medical re-
search: observation-based statistical testing and meta-analysis [1]. The former has to collect
over one group of data, after controlling for demographic factors and the associated vari-
ables (e.g., symptoms) of patients, to examine the premises or consequences of a targeted
illness (or disease). The latter stands on the grounds of published homogeneous research
to explore hypothesized patterns from the papers that satisfy the inclusion criteria [1,2].
They both belong to the evidence-based statistical approach, and we focus on enhancing
the findings of a meta-analysis in this work.

Though the statistical approach has been broadly adopted, certain limitations are
rooted in the presumptions of statistics [3]. For instance, most statistical models assume
variables to be independent, which is controversial. Besides, researchers have to presume
the probabilistic distribution(s) of involved variables. It is difficult to validate those as-
sumptions [4]; those limitations impede researchers to explore complicated relations in
their models. Furthermore, there is nearly no room to accommodate the clinical experi-
ences/knowledge from doctors. The research gap between the findings of meta-analysis
and clinical prognoses exists.

In clinical research, the statistical approach is still the cornerstone to understanding
many illnesses. A well-devised meta-analysis may explore and examine inconclusive dis-
ease patterns—with rigorous control and testing—from credible sources. Its contributions
are evident. However, owing to the limitations of its modeling methods (i.e., statistics),
meta-analysis is insufficient for clarifying the influential relationship among a group of
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factors without presuming the probabilistic distributions of its variables. In most cases,
meta-analysis can merely identify the significance of one or more factors that might be
associated with a disease. Therefore, to enrich a meta-analysis’ findings and bridge the
gap, this study proposes the multiple criteria decision-making (MCDM) approach [5-7] to
incorporate clinical knowledge from seasoned doctors.

Unlike traditional statistics, the MCDM approach can support decision-makers (DMs)
or experts to make rational judgments by considering multiple factors simultaneously,
without presumed probabilistic distributions. This approach hinges upon domain experts’
knowledge/experience. Certain MCDM methods may unveil the convoluted interrela-
tionship of a complex model, such as Decision-Making Trial and Evaluation Laboratory
(DEMATEL) [8,9], Analytical Network Process (ANP) [10], and the DEMATEL-based ANP
(DANP) [11,12]. The advantages of MCDM methods complement the limitations of meta-
analyses; the outcome may even serve as a knowledge-based system to support clinical
prognoses.

The present study adopts acute kidney injury (AKI) [13] as an empirical case, which
has a high risk of mortality for the elderly. By definition, “AKI is an abrupt decrease in
kidney function that includes, but is not limited to, acute renal failure. [14]” Nowadays,
AKI is becoming common among elderly patients, who are more vulnerable to kidney
failure or dysfunction [15]. In this context, our research purposes are twofold: (1) elaborate
the findings from a published meta-analysis based on the clinical experience of doctors
and (2) construct a flexible knowledge-based system to support clinical prognoses. The
specific aims of this case study are to:

(1) explore the interrelationships between the risk factors that might induce AKI in
elderly patients;

(2) identify the relative influence of each criterion on the risk assessment of AKI;

(3) provide precautionary guidance for elderly patients to reduce their potential AKI.
risk.

Aside from the plausible advantages, the proposed model has the flexibility to adjust
the weighting of doctors’ opinions based on their experience (or expertise in a specific field).
This flexibility is yielded from the group decision theory [16]. This advantage contributes
to carrying out the policy of a hospital. Evaluating a patient with complicated symptoms
or comorbidity usually requires doctors” participation with different experience levels
and varied expertise. The hybrid MCDM approach can fuse experts’ knowledge with a
customized weighting policy. This is another contribution that the present study might
bring to clinical applications. We will illustrate this idea by an example in Section 4.

This paper is divided into five sections. Section 1 discusses the background infor-
mation as above. Section 2 provides the research material and the proposed hybrid
MCDM model. Section 3 reports the modeling of AKI risk assessments for elderly patients.
Section 4 provides discussions with an illustration of how to apply the model and Section 5
concludes this study.

2. Materials and Research Methods

This section explains the materials adopted in modeling. Since the present study aims
to enrich meta-analysis findings, a study of AKI in the elderly population from a recently
published paper [15] serves as the modeling foundation. Therefore, in Section 3.1, the
findings of [15] are briefly highlighted. Besides this, ten experienced doctors took part
in this work. Section 2.2 introduces two MCDM methods: the DEMATEL technique [8,9]
and the DEMATEL-based ANP (DANP) [11,12]. The first one can indicate the influential
relationship of a model with multiple factors (criteria). The second one may explore the
relative influence of each factor on supporting clinical prognoses.

2.1. Materials

The meta-analysis article [15] that we referred to mainly discussed whether elderly
patients might suffer from a higher risk of AKI because of frailty. It began with 1385 pa-
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pers that are included in PubMed (566), the Cochrane Library (609), and EMBASE (210).
After following the PRISMA (Preferred Reporting Items for Systematic Review and Meta
Analysis) research flow [17], it excluded duplicated, unrelated or unsuitable articles. It
eventually identified four cohort studies [18-21] that met the inclusion criteria. Its rigorous
research process [15] attempted to overcome the potential issues of meta-analysis (such as
low quality of included studies and heterogeneity [22]), which serves as the cornerstone of
the present study.

Owing to its research target, the meta-analysis [15] attempted to include studies that
controlled for the variable, diagnosed AKI or non-AKI, for those elderly with frailty. The
selection process examined the inter-rater reliability and evaluated the degree of variation
across studies; both passed the associated statistical thresholds (i.e., the kappa and I?
statistics). Among the four cohort studies, the study duration ranged from two weeks [20]
to four years [18]. The total subjects included in each study were between 164 [20] to
533 [19].

Though the four studies adopted different frailty measures (e.g., Clinical Frailty
Scores), their assessments on frailty are all grounded on clinically recognized measurements.
The meta-analysis from the four papers confirmed the significant association between frailty
and AKI among elderly patients.

2.2. Research Methods

In this subsection, we introduce the essentials of the DEMATEL and DEMATEL-based
ANP (DANP). DANP is extended from the DEMATEL, which adopts the central idea of
ANP to derive the relative influence of each criterion of a hybrid decision model. The
required research flows are illustrated in Figure 1.

4 ™\
Refer to a meta-analysis o \
e Hybrid MCDM DiAEHEGH DEMATEL
and related research : cause-effect
) matrix T, .
¢ /P ¢ analysis
(" Consult doctors to form | F initial
onsult doctors to form orm an initia | Total influence DANP
the framework and average matrix Al AT > ioht
collect questionnaires J / weignts

Figure 1. Research flow of the hybrid MCDM (multiple criteria decision-making) model.
2.2.1. DEMATEL Technique

The DEMATEL technique was devised to resolve complicated issues, and assumes that
all the included factors (criteria) are interrelated. Furthermore, it relies on domain experts’
knowledge (opinions) to derive the influential relationship among a model’s factors. The
essential steps to conduct the DEMATEL analysis are as follows.

Step 1: Collect opinions from domain experts to form an initial matrix Al.

As mentioned above, the DEMATEL technique presumes that all the included criteria
are interrelated. Therefore, it begins by devising a questionnaire to have all the criteria
with questions like: “in your opinion, what is the influence of criterion i on criterion j (the
answer ranges from “0 (No Influence),” “1 (Minor Influence),” “2 (Moderate Influence)” to
“3 (High Influence),” to “4 (Very High Influence)).” After collecting opinions from domain
experts, the averaged result of the influence of criterion i on criterion j will be indicated as
@ in AL(Al = [a37] 1y fOrij=1,... 1), located on the i-th row and the j-th column of AL

Step 2: Normalize A' to become a matrix N.

n
The normalized matrix N can be obtained by calculating k, where k = max { max ) ajj,
=1

n
max al-]-}, and the normalized matrix N = k x AL
i=1
Step 3: Calculate the total-influence matrix T.
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The total-influence matrix T is defined as T = N 4+ N2 + ... + N%, which indicates
the chain influence by raising the number of w. It can be decomposed as Equation (1):

T=Nx(I—NYx(I—-N)"* 1)

while w — oo, N¥ = (0], -
and indicated as: T = N x (I — N)7l = [tij] . The sum of each row and column of T can

Therefore, the total-influence matrix T can be approximated

form two vectors, termed as 1 = (ry,--- ,7;,--- ,1,) and d© = (dq,--- (i, ,dy). In
the DEMATEL analytic, “rC + d©” and “r© — d©” can be adopted to indicate the directional
influence relationship among criteria. The details will be explained in Section 4.

Step 4: Form initial unweighted super-matrix T2.

Assume that there are m dimensions in T. Then, the total-influence matrix T can be
partitioned by its dimensions and indicated as an initial unweighted super-matrix T2 that
comprises m X m sub-matrices in Equation (2).

r7s S1j Sim 7
D, /L b A -
S - : ) : .. : PR
Te = D; Tgﬂ o Tg’] Tgim forl <i,j <m < n. )
Dm L Tgml e Tgm] A T(Sjmm o

For instance, if there were three criteria in D, the sub-matrix T(S:11 would bea3 x 3
matrix. Tg“ denotes the corresponding upper-left 3 x 3 elements of Tg.

Step 5: Form the dimension matrix Tp,.

The averaged figures of all elements of each sub-matrix of T2 will form a m x m
dimension matrix, which is shown in Equation (3):

[ S11 S1j Sim |
t2 SRR SRR
= | @/ S S i< m.
Tp £ te g2im Sorl <i,j <m ®)
Sml Smj Smm
L tc e tC e tC i

Similarly, the sum of each row and column of Tg can form two vectors, termed

asrP = (r?,--- P, ,r,’ﬁ)/ and dP = (d1D,--- ,d]D,--- ,dﬁ). Then, “rP + dP” and
“rP— dP” can be adopted to indicate the directional influence relationship among the
dimensions. Based on the DEMATEL analytics from Steps 3 and 5, an Internetwork
Relationship Map (INRM) can help depict the directional influences among dimensions

and criteria.

2.2.2. DEMATEL-Based ANP (DANP)
The DANP method adopts the central idea of the ANP and the transpose of Tg (i.e.,

W= ( Tg)/) is regarded as an unweighted supermatrix in the ANP. Compared with the
ANP’s assumption, the DANP considers the dimensional influences while forming an
initial supermatrix.

Step 6: Obtain the initial supermatix of DANP.
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First, the dimension matrix T}, from Step 5 should be normalized to become Tg (refer
to Equation (4)). Then, the initial supermatrix of DANP can be obtained by using T} to
adjust the unweighted supermatrix W(i.e.,, W™/ = TN x W).

tSll/ Z t51] 51]/ Z t51] tSlm/ Z t51/
Sij Sij ,Sij ,Sij
TID\I: tSll/Zt’J ’J/Ztll tSzm/Ztlj ,for1<i,j§m. (4)
- m
tgml/ Z tgm] . tém]/ Z tSm] . tSmm/ Z tSm]
j=1 dmxm

Once the adjusted supermatrix W™/ is obtained, the influential weights can be reached
by raising the number of g in lgn (WAdf ) 7 until W becomes stable. After normalizing
q ()
the stable weights, the final DANP influential weights can be obtained.

3. AKI Risk Assessment Model for Elderly Patients

In the present study, the definition of AKI is based on Kidney Disease: Improving
Global Outcomes (KDIGO), and the criterion for elderly patients is aged >65 years. Due to
AKI being a complex disorder related to the interplay of patient-associated factors within
the environment where patients live, the dimensions of heterogeneous factors should
consider environmental exposures and the inherent risk elements [23]. In each dimension,
risk factors could be identified to design and implement preventive interventions or further
investigations.

In this context, the preliminary version of the AKI risk assessment model is based on
the meta-analysis article [15] and related research (i.e., [18-21], summarized in Table 1),
and the three dimensions all come from [19] after removing demographic factors. One
thing that needs to be mentioned here is that Frailty, (Cs3), is the primary factor highlighted
by [15].

Table 1. Summary of the four studies that are referred to.

Database . Mean Age of . .
Ref Country Source Research Subjects Research Subjects Duration Key Findings
AKI was associated
[18] USA Pubmed 7 42;413 rﬁii(l 5 65(r71 (l:_KAII)q) 2&07_281)0 with higher frailty
© ° years (Clinical Frailty Scale).
183 (mild frail) 73.8 (mild frail) . The frailest group
. 76.5 (moderate 2013 indicated the highest
[19] Korea Pubmed 199 (moderate frail) . .
152 (severe frail) frail) (1 year) AKI risk compared
79.0 (severe frail) with the other groups.
Severe frailty was
[20] UK Pubmed 31 AKI 82.6 (AKI) 2 weeks associated with AKI
133 non-AKI 81.2 (non-AKI) .
significantly (p = 0.01).
93 (non-frail) 68.52 (non-frail) 2013-2014 Frail patients were
[21] USA Pubmed 139 (pre-frail) 74.71 (pre-frail) 2 years) more likely to induce
136 (frail) 78.83 (frail) y AKI (p = 0.03).

Next, we further consulted on the preliminary version with ten nephrologists from
one teaching hospital in Taipei. Based on their clinical experience, they suggested including
another two criteria: “Depression (C13)” and “Hepatitis B/C (Cy5)” for AKI elderly patients.
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After several rounds of discussions with the doctors, we finalized the 14 criteria in three
dimensions, shown in Table 2.

Table 2. The dimensions and criteria of the AKI (acute kidney injury) risk assessment decision model.

Dimensions Criteria Reference
Diabetes (C11) [19,20]
Hypertension (C12) [19,20]
Comorbidity Depression (C13) (from the doctors)
(D1) Malignancy (C14) [19,20]
Hepatitis B/C (Cqs) (from the doctors)
Creatinine (Cp1) [19,20]
Estimated glomerular filtration rate (Czz) [19]
Laboratory Values Hemoglobin (Cp3) [19]
(D>) Albumin (Cpq) [19]
Na (C25) [19]
Comprehensive Activities of daily living (C31) [19]
Geriatric Mid-arm circumference (Csz2) [19]
Assessments Frailty (C33) [15,18-21]
(D3) Nutritional assessment (C3z4) [19]

This study’s purposive sampling was conducted in one medical center in northern
Taiwan from April 2020 to June 2020. We recruited well-trained nephrologists who were
able to express willingness to participate in the survey.

In Table 2, the three dimensions all come from [19] after removing demographic
factors. The estimated glomerular filtration rate (eGFR) is based on the CKD epidemiology
collaboration formula [24].

3.1. DEMATEL Analysis

From Steps 1 to 4 in the previous section, we collected the ten doctors” opinions. In
this case, to mitigate the potential risk of outliers that might distort the average result, this
study adopted the median value, instead of the arithmetic mean, to form the initial average
matrix Al (Table 3).

Table 3. Initial average matrix AL

Cii C2 Ci3 Cyy Ci5 Cop Cxp C3 Cy Cs C31 G Gz Cy

Ci1 000 4.00 3.00 3.00 200 3.00 300 300 200 200 300 3.00 3.00 200
Ciz 200 0.00 1.00 200 1.00 4.00 4.00 200 3.00 3.00 200 200 200 200
Ci3 200 200 0.00 200 200 200 200 100 200 1.00 400 3.00 350 3.00
Cig 200 200 4.00 000 250 3.00 3.00 4.00 3.00 3.00 400 350 4.00 4.00
Ci5 200 1.00 200 400 0.00 3.00 300 300 4.00 200 400 4.00 4.00 4.00
Cy 100 250 1.00 1.00 1.00 0.00 4.00 400 3.00 4.00 350 350 4.00 4.00
Cyp 100 250 200 3.00 150 4.00 0.00 4.00 350 4.00 400 350 4.00 4.00
Cy; 100 150 1.00 1.00 1.00 2.00 200 0.00 3.00 1.00 3.00 3.00 3.00 250
Cyy 100 1.00 1.00 100 200 100 1.00 1.00 0.00 200 3.00 350 3.00 4.00
Cys 100 3.00 100 100 1.00 3.00 3.00 100 100 0.00 200 1.00 2.00 2.00
C3; 400 4.00 4.00 350 4.00 200 200 200 200 200 000 4.00 4.00 4.00
Cz3 200 200 200 200 150 200 200 200 200 200 200 0.00 4.00 4.00
Czz 200 200 4.00 3.00 200 200 200 200 200 200 400 4.00 0.00 4.00
Czy 300 3.00 3.00 300 300 300 300 300 300 300 400 4.00 4.00 0.00

Since there are three dimensions (i.e., m = 3) in this analysis, the dimension matrix T,
is a 3 x 3 matrix, shown in Appendix A (Table A1). The associated directional influence
analytics for the dimensions and criteria are summarized in Table 4 and illustrated in
Figure 2.
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Table 4. Directional influence analytics from DEMATEL (Decision-Making Trial and Evaluation
Laboratory) analysis.

Dimensions P d°  Pyd® L _gP  Criteria 7€ d¢ rC+dC  C—dC
C11 344 240 5.84 1.03
C12 287 296 5.83 —0.09
Dy 0.74 0.59 1.33 0.16 C13 292 287 5.80 0.05
C1a 397 286 6.83 1.11
Cis 385 244 6.29 1.41
Cxn 343 321 6.63 0.22
Ca 385 321 7.06 0.64
D, 0.63 0.67 1.30 —0.05 Ca3 243  3.05 5.48 —0.62
Cy 242 317 5.59 —0.76
Cas 218 299 5.17 —0.81
Cs1 398 4.01 8.00 —0.03
Ds 0.77 0.88 1.66 —-0.11 Csz 287  4.02 6.89 —-1.15
Cs3 339 422 7.61 —0.83
Cag 398 416 8.14 —0.18
T'he elderly AKI risk framework Comorbidity (C,)
12-dP re-df
o Comorbidity (D,) — Hepatitis B/C (C,s)
01> e . 2 Malignanc
g y
—_— 120 ' Diabetes (Cy;) / \.(CH)

1.00

0.05 0.80
0.00 P+d”  0.60
0.50 1.00 1.8 2.00 0.40
0.3 Laboratory® Depression
0.20
values (D,) \ - C.)
-0.10 = ) ) ) 0.00 ( 13 Fl+d
) Comprehensive geriatric 5.00 5.50 6.00 6.50 7.00
L assessment D;) LD Hypertension (C,)
Laboratory values (C,) Comprehensive geriatric assessment (C;)
) re-d" Activiti £ dailv livi c
re=c . : ctivities of daily livin
0.80 Estimated glomerular filtration rate (C,,) 0.00 y g (Gy) re+d"
6.50 7.00 7.50 8.50
0.60 g 0 ‘“‘ M.
0.40 / Nutritional
020 -0.40 assessment
= Creatinine (Cyy) (Cs,)
: 34
0.00 otde -0.60
. 4.50 5.50 6.50 7.50
0.20 H l b -0.80 e &
540 emoglobin Frailty (Cs3)
(Cy3) -1.00
-0.60
-0.80 ° * : =120 Mid-.ann circumference (Cy,)
Albumin (C,,)
-1.00 Na (Css) -1.40

Figure 2. Internetwork relationship map (INRM).

The opinions that comprise Al (i.e., Table 3) were examined by Equation (5). The con-
fidence level (CL 41) for the result is higher than 95% and k is the number of questionnaires
(k =10 in here). In other words, the initial average matrix carries enough confidence to
indicate the averaged opinions to forming Al.

1 ko k aTFj — ai.‘]fl‘
CL, = 71 % 100% ®)
AT nn-1) l;]; ”i‘cj
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From Table 4, D1 (Comorbidity) would influence D, (Laboratory Values) and Ds
(Comprehensive Geriatric Assessments). It is worthwhile to delve into D3, which indicates
that Mid-arm circumference (Cs3;) and Frailty (Cs3) are influenced by Activities of daily
living (C31) and Nutritional assessment (Cag).

3.2. DEMATEL-Based ANP (DANP) Weights

Based on the initial average matrix A! in Table 3 and the six steps in Section 2, we
obtained the DANP influential weights for the AKI risk assessment model. The normalized
dimensional matrix TY is shown in Table 5, and the associated influential weight of each
criterion is summarized in Table 5. The DEMATEL-adjusted initial supermatrix is in
Appendix A (Table A2).

Table 5. Normalized dimension matrix Tg .

Dy D, Ds
Dy 0.27 0.32 0.41
D, 0.26 0.31 0.43
Ds 0.29 0.31 0.40

In Table 6, D3 (Comprehensive Geriatric Assessments) shows the highest influential
weight (i.e., 41.17%), and Frailty (Cs3) is the most influential criterion. This finding echoes
the conclusion of [15]. Though the result is similar to the previous research [15,18,20], the
DEMATEL analysis further identifies the source factors (dimensions/criteria) of AKI for
the elderly patients. In Figure 1, Comorbidity (D) and Laboratory Values (D2) both would
influence D3 (Comprehensive Geriatric Assessments). Besides, within D3 (Comprehensive
Geriatric Assessments), the DEMATEL analysis suggests that Cs (Activities of daily living)
and Cs4(Nutritional assessment) may influence Frailty (Cs3).

Table 6. DANP (DEMATEL-based Analytical Network Process) influential weights for the AKI risk
assessment model for elderly patients.

Dimensions Dimensional Weights Criteria DANP Weights (%)
C11 492
C1z 6.00
Comorbidity 27.53% C13 5.83
(D1) C1a 5.80
Cis 498
Co1 6.45
Laboratory Coo 6.46
Values 31.31% Cos 6.06
(D) Coq 6.34
Cys 5.99
Comprehensive Cs1 10.05
Geriatric 41.17% C3o 10.04
Assessments Cs3 10.59 (1st)
(D3) C34q 10.48 (2nd)

In other words, to mitigate the AKI risk level of an elderly patient, adequate enhance-
ment of daily activities and nutrition might offer another type of treatment; those two
criteria would improve an elderly patient’s overall frailty. This finding is complementary to
the result of [15]. Under certain controllable circumstances, elderly patients may improve
their frailty before surgery that might cause AKI complications. Thus, the DANP model
may help improve patients” awareness of daily activities and nutrition in practice.
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4. Discussions

Healthcare decisions are complex and often involve trade-offs among multiple con-
flicting objectives. Using structured and explicit approaches to medical decisions involv-
ing multiple criteria could improve decision-making using a set of techniques. MCDM
methods are widely used in other sectors and there has been an increase in healthcare
applications [25].

Clinical examples of MCDM applications include prioritizing patients for non-urgent
surgery [26], disease diagnosis and classification [27], antibiotic-resistant diseases for
R&D [28], supporting patients and physicians in selecting treatments [29], and weighing
up the benefits and risks of new medicines to support licensing decisions [30]. From the
clinical viewpoint, MCDM models are devised to serve as decision aids. After referring to
an MCDM model’s outcome, DMs could deliberate on which might be the most beneficial
option before making their final decision.

In Table 6, we transformed ten doctors” opinions into a DANP-based AKI risk assess-
ment model. Once an elderly patient was under evaluation, he/she could be graded from
1 (Low Risk) to 10 (High Risk) on each criterion by doctors. The overall AKI risk level of an
elderly patient can be aggregated by adopting the DANP weights (in Table 5), also called
the simple additive weighting (SAW) method. This model may be deployed to accumulate
clinical prognoses to associate the overall AKI risk level with doctors” evaluations. For
instance, if there were three elderly patients (i.e., A, B, and C) who need to be assessed,
their associated grades on each criterion are assumed in Table 7.

Table 7. DANP-based AKI risk assessment model with three assumed cases.

DANP Ci1 Cin CG3 Gy Cs5 Cypy Cp Gz Cu G Gy G G Gy Risk
Weights (%) 492 600 583 580 498 645 646 606 634 599 1005 1004 10.59 1048 Level
A 9.00 800 800 200 1.00 6.00 500 400 600 700 800 800 9.00 600 650
B 200 7.00 800 200 1.00 400 300 400 500 700 500 800 700 500 516
C 700 600 200 200 1.00 500 200 300 200 400 700 500 500 500 425

Table 7 shows that the three patients” AKI risk levels are ranked as: A >~ B > C
(i.e., A has the highest AKI risk), by using the DANP-based decision model. Though the
model can be applied to show the ranking of patients” AKI risk level, it is insufficient to
suggest a threshold that could be regarded as dangerous. However, suppose a hospital
may adopt this approach to accumulate records and doctors’ prognoses; it may collect
cases for further analytics. In that case, this approach might conclude with a meaningful
threshold or interval as a warning indicator. For instance, if only case A (in Table 7) was
diagnosed as dangerous by doctors, the model may keep one record categorizing the risk
level 6.50 as dangerous. This approach provides a systematic way to collect AKI-related
measures for elderly patients.

Based on the group-decision theory [16], the current model can be adjusted using
doctors” experience to re-calculate the DANP weights. Take the ten doctors involved in
this study as an example; they can be grouped into three categories based on their clinical
experience: (1) higher than 15 years, (2) between 10 to 15 years, and (3) less than ten years.

A hospital may follow its policy to give the associated weighting to each category. As-
sume that the three types were assigned 50%, 30%, and 20%, respectively; the re-calculated
(experience-weighted) DANP weight for each criterion will be changed accordingly. Table
8 shows the ten doctors” numbers in each category and Table 9 compares the re-calculated
DANP weights with the original ones (refer to Table 6).
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Table 8. The number of the ten doctors in three categories.

Groups Clinical Experience Number of Doctors Weighting
G1 >15 years 1 50%
G 10 to 15 years 5 30%
G3 <10 years 4 20%

Table 9. Comparison of the original DANP weights and the re-calculated (experience-weighted) ones.

Original Cn Ci2 Ci3 Cu Csis Cx Ca Ca3 Coq Cos Cs1 Csz Cs3 Csq
DANP (%) 4.92 6.00 5.83 5.80 498 645 646 606 634 599 1005 1004 1059  10.48
(Rank) (14th)y  (9th)  (11th) (12th) (13th) (6th)  (5th)  (8th)  (7th) (10th) (3rd) (4th) (Ist)  (2nd)
Rgz‘}}f;l(isd 496 5.89 6.00 5.23 458 641 641 603 642 620 1028 1016 10.87 1057
(Rank) (13th)  (11th) (10th) (12th) (14th) (6th) (7th)  (9th) (5th) (8th) (Brd) (@dth) (Ist)  (2nd)

The re-calculated (experience-weighted) DANP weights reveal the same ranking order
for the top four criteria (i.e., Ca3 > Czs = C31 > Cz2); however, the remaining criteria
ranking orders are not entirely the same. The experience-weighted method can be applied
to follow a hospital’s policy, which is more flexible in practice.

In this illustration, we use assumed cases to illustrate how to adopt the DANP model
to evaluate patients. Once an elderly patient was regarded as risky by using the model,
the DEMATEL analysis findings may further guide to improving their overall AKI risk
level. For instance, in Table 7, case A’s score on Frailty (Cz3) was 9.00 (very high). Based
on the findings of DEMATEL analytics (refer to Figure 2 and Table 4), Activities of daily
living (C31) and Nutritional assessment (C34) both would influence Cz3. Thus, case A may
consult medical professionals proactively in those two criteria to mitigate their AKI risk
level. As suggested by [15], the increased AKI rate among elderly patients worsens with
higher frailty. This MCDM approach proposes an overall AKI risk assessment model and
provides precautionary guidance to reduce their potential AKI risk.

The MCDM approach incorporates doctors’ clinical knowledge to form a concise AKI
evaluation model for elderly patients. Its short-term drawback might be lacking evidence
to validate its predictive ability. However, once a hospital collects elderly patients’ scores
on those criteria and organizes progress reports consistently, the model’s predictability
may be further examined by statistics.

The study population is selected voluntarily; that is, the potential participants were
chosen via referrals by the nephrologists, which would introduce selection bias potentially.
Hawthorne effect is inevitable since the participants made a conscious decision to be in
the selected hospital. Voluntary bias which could be viewed as coming from a particular
sample could contain only those participants who are actually willing to participate in
the survey and who participate and find the topic particularly interesting and are more
likely to volunteer for that study, the same as those who are expected to be evaluated on a
positive level [31].

Finally, we evaluated only one tertiary hospital, which might have characteristics that
differ from those of the general population. The study’s external validity and generalization
should be further considered. Future studies using a random sampling of hospitals over a
broader range of regions would make the research more discursive.

5. Conclusions

To conclude, the present study proposes a complementary approach to enrich meta-
analysis research findings [15] regarding AKI risk assessment for elderly patients. Its
contributions are threefold.

(1) Identified the influential relationships among the AKI risk assessment model for
elderly patients.
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Appendix A

Table Al. The dimension matrix T7,.

D4 D, D3
Dy 0.197 0.239 0.307
D, 0.163 0.196 0.266
Ds 0.226 0.237 0.309

Table A2. DEMATEL-adjusted initial supermatrix weadj

Cn Cn Cz Cy Cs5 Cun Cpn Cpn Cy Cs GC Cp G Cxu

Ci1 0.036 0.053 0.051 0.048 0.049 0.046 0.043 0.047 0.046 0.044 0.055 0.054 0.051 0.054
Ciz  0.065 0.049 0.059 0.056 0.053 0.064 0.059 0.059 0.054 0.070 0.062 0.063 0.059 0.062
Ciz  0.059 0.054 0.045 0.065 0.057 0.053 0.055 0.054 0.053 0.051 0.062 0.062 0.069 0.061
Cis 0.059 0.061 0.058 0.045 0.066 0.053 0.059 0.054 0.053 0.051 0.059 0.062 0.063 0.061
Cis 0.047 0.047 0.052 0.051 0.040 0.046 0.046 0.047 0.054 0.045 0.055 0.051 0.051 0.054

Cy1  0.068 0.070 0.068 0.065 0.065 0.048 0.068 0.067 0.064 0.076 0.063 0.063 0.063 0.063
Cyp 0.068 0.070 0.068 0.065 0.065 0.069 0.049 0.067 0.064 0.076 0.063 0.063 0.063 0.063
Cy;  0.065 0.056 0.059 0.067 0.064 0.067 0.066 0.048 0.061 0.056 0.060 0.060 0.060 0.060
Cyy 0.062 0.064 0.068 0.064 0.070 0.063 0.065 0.075 0.054 0.058 0.062 0.062 0.062 0.062
Cys  0.059 0.062 0.058 0.061 0.058 0.066 0.065 0.056 0.069 0.047 0.059 0.059 0.059 0.059

C3; 0103 0.101 0.106 0.102 0.101 0.103 0.105 0.105 0.101 0.107 0.080 0.095 0.105 0.104
Cz 0103 0.101 0.099 0.099 0102 0.103 0.102 0.106 0.106 0.096 0.105 0.078 0.105 0.105
C33  0.107 0.106 0.106 0.106 0.105 0.110 0.110 0.110 0.105 0.112 0.109 0.114 0.082 0.109
C3¢ 0.099 0.105 0.102 0.105 0.104 0.109 0.109 0.104 0.113 0.111 0.107 0.113 0.108 0.083

DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control. Clin. Trials 1986, 7, 177-188. [CrossRef]
Borenstein, M.; Hedges, L.V.; Higgins, ].P; Rothstein, H.R. Introduction to Meta-Analysis; John Wiley & Sons: Hoboken, NJ, USA,

2011.


http://doi.org/10.1016/0197-2456(86)90046-2

Int. J. Environ. Res. Public Health 2021, 18, 1607 12 of 13

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Berk, R.A.; Adler, D.A. Statistical assumptions as empirical commitments. In Law, Punishment, and Social Control: Essays in Honor
of Sheldon Messinger, 2nd ed.; Aldine de Gruyter: New York, NY, USA, 2003; pp. 235-254.

Shen, K\Y.; Zavadskas, E.K.; Tzeng, G.H. Updated discussions on ‘Hybrid multiple criteria decisionmaking methods: A review of
applications for sustainability issues’. Econ. Res. Ekon. IstraZivanja 2018, 31, 1437-1452. [CrossRef]

Stoj¢i¢, M.; Zavadskas, E.K.; Pamucar, D.; Stevi¢, 7.; Mardani, A. Application of MCDM methods in sustainability engineering: A
literature review 2008-2018. Symmetry 2019, 11, 350. [CrossRef]

Zavadskas, E.K,; Turskis, Z.; Kildieng, S. State of art surveys of overviews on MCDM/MADM methods. Technol. Econ. Dev. Econ.
2014, 20, 165-179. [CrossRef]

Greco, S.; Figueira, J.; Ehrgott, M. Multiple Criteria Decision Analysis-State of the Art Surveys; Springer: New York, NY, USA, 2016.
Gabus, A.; Fontela, E. World Problems, An Invitation to Further Thought within The Framework of DEMATEL; Geneva Research Centre
of the Battelle Memorial Institute: Geneva, Switzerland, 1972.

Lee, H.S.; Tzeng, G.H.; Yeih, W.; Wang, Y.J.; Yang, S.C. Revised DEMATEL: Resolving the infeasibility of DEMATEL. Appl. Math.
Model. 2013, 37, 6746—6757. [CrossRef]

Saaty, T.L. The Analytic Network Process; RWS Publications: Pittsburgh, PA, USA, 1996.

Shen, K.Y.; Yan, M.R,; Tzeng, G.H. Combining VIKOR-DANP model for glamor stock selection and stock performance improve-
ment. Knowl. Based Syst. 2014, 58, 86-97. [CrossRef]

Khan, S.; Magbool, A.; Haleem, A.; Khan, M.I. Analyzing critical success factors for a successful transition towards circular
economy through DANP approach. Manag. Environ. Qual. Int. J. 2020, 31, 505-529. [CrossRef]

Landoni, G.; Bove, T.; Székely, A.; Comis, M.; Rodseth, R.; Pasero, D.; Ponschab, M.; Mucchetti, M.; Azzolini, M.L.; Caramelli, F.;
et al. Reducing mortality in acute kidney injury patients: Systematic review and international web-based survey. J. Cardiothorac.
Vasc. Anesthesia 2013, 27, 1384-1398. [CrossRef] [PubMed]

Kellum, J.A.; Lameire, N.; KDIGO AKI Guideline Work Group. Diagnosis, evaluation, and management of acute kidney injury: A
KDIGO Summary (Part 1). Crit. Care 2013, 17, 204-215. [CrossRef]

Jiesisibieke, Z.L.; Tung, T.H.; Xu, Q.Y.; Chen, P.E.; Hsu, S.Y,; Liu, Y.; Chien, C.W. Association of acute kidney injury with frailty in
elderly population: A systematic review and meta-analysis. Ren. Fail. 2019, 41, 1021-1027. [CrossRef] [PubMed]

Hwang, C.L.; Lin, M.J. Group Decision Making under Multiple Criteria: Methods and Applications; Springer: Berlin/Heidelberg,
Germany, 2012; Volume 281.

Bigna, ].J.R.; Um, L.N.; Nansseu, ].R.N. A comparison of quality of abstracts of systematic reviews including meta-analysis of
randomized controlled trials in high-impact general medicine journals before and after the publication of PRISMA extension for
abstracts: A systematic review and meta-analysis. Syst. Rev. 2016, 5, 1-9. [CrossRef]

Abdel-Kader, K.; Girard, T.D.; Brummel, N.E.; Saunders, C.T.; Blume, ].D.; Clark, AJ.; Vincz, A.J.; Ely, EW.; Jackson, J.C.; Bell, S.P;
et al. Acute kidney injury and subsequent frailty status in survivors of critical illness: A secondary analysis. Critical Care Medicine
2018, 46, €380. [CrossRef] [PubMed]

Baek, S.H.; Lee, S.W.; Kim, S.-W.; Ahn, S.Y,; Yu, M.-Y,; Kim, K.-I; Chin, H.J].; Na, K.Y.; Chae, N.-W.; Kim, S. Frailty as a predictor of
acute kidney injury in hospitalized elderly patients: A single center, retrospective cohort study. PLoS ONE 2016, 11, e0156444.
[CrossRef] [PubMed]

Morton, S.; Isted, A.; Avery, P.; Wang, J. Is frailty a predictor of outcomes in elderly inpatients with acute kidney injury? A
prospective cohort study. Am. |. Med. 2018, 131, 1251-1256.e2. [CrossRef] [PubMed]

Joseph, B.; Phelan, H.; Hassan, A.; Orouji Jokar, T.; O’Keeffe, T.; Azim, A.; Gries, L.; Kulvatunyou, N.; Latifi, R.; Rhee, P. The
impact of frailty on failure-to-rescue in geriatric trauma patients: A prospective study. J. Trauma Acute Care Surg. 2016, 81,
1150-1155. [CrossRef]

Esterhuizen, T.M.; Thabane, L. Con: Meta-analysis: Some key limitations and potential solutions. Nephrol. Dial. Transplant. 2016,
31, 882-885. [CrossRef]

Kashani, K.B.; Macedo, E.; Burdmann, E.A.; Hooi, L.S.; Khullar, D.; Bagga, A.; Chakravarthi, R.; Mehta, R. Acute kidney injury
risk assessment: Differences and similarities between resource-limited and resource-rich countries. Kidney Int. Rep. 2017, 2,
519-529. [CrossRef]

Levey, A.S,; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.E, 3rd; Feldman, H.I.; Kusek, ].W.; Eggers, P.; Van Lente, F;
Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009, 150, 604-612. [CrossRef]
Thokala, P,; Devlin, N.; Marsh, K.; Baltussen, R.; Boysen, M.; Kalo, Z.; Longrenn, T.; Mussen, F.; Peacock, S.; Watkins, J.; et al.
Multiple criteria decision analysis for health care decision making—an introduction: Report 1 of the ISPOR MCDA Emerging
Good Practices Task Force. Value Health 2016, 19, 1-13. [CrossRef]

Hansen, P.; Hendry, A.; Naden, R.; Ombler, F; Stewart, R. A new process for creating points systems for prioritising patients for
elective health services. Clin. Governance: Int. J. 2012, 17, 200-209. [CrossRef]

Johnson, S.R.; Naden, R.P; Fransen, J.; Hoogen, EV.D.; Pope, J.E.; Baron, M.; Tyndall, A.; Matucci-Cerinic, M.; Denton, C.P;
Distler, O.; et al. Multicriteria decision analysis methods with 1000Minds for developing systemic sclerosis classification criteria.
J. Clin. Epidemiol. 2014, 67, 706-714. [CrossRef] [PubMed]

Tacconelli, E.; Carrara, E.; Savoldi, A.; Harbarth, S.; Mendelson, M.; Monnet, D.L.; Pulcini, C.; Kahlmeter, G.; Kluytmans, J.;
Carmeli, Y.; et al. Discovery, research, and development of new antibiotics: The WHO priority list of antibiotic-resistant bacteria
and tuberculosis. Lancet Infect. Dis. 2018, 18, 318-327. [CrossRef]


http://doi.org/10.1080/1331677X.2018.1483836
http://doi.org/10.3390/sym11030350
http://doi.org/10.3846/20294913.2014.892037
http://doi.org/10.1016/j.apm.2013.01.016
http://doi.org/10.1016/j.knosys.2013.07.023
http://doi.org/10.1108/MEQ-09-2019-0191
http://doi.org/10.1053/j.jvca.2013.06.028
http://www.ncbi.nlm.nih.gov/pubmed/24103711
http://doi.org/10.1186/cc11454
http://doi.org/10.1080/0886022X.2019.1679644
http://www.ncbi.nlm.nih.gov/pubmed/31809623
http://doi.org/10.1186/s13643-016-0356-8
http://doi.org/10.1097/CCM.0000000000003003
http://www.ncbi.nlm.nih.gov/pubmed/29373362
http://doi.org/10.1371/journal.pone.0156444
http://www.ncbi.nlm.nih.gov/pubmed/27257823
http://doi.org/10.1016/j.amjmed.2018.03.012
http://www.ncbi.nlm.nih.gov/pubmed/29626429
http://doi.org/10.1097/TA.0000000000001250
http://doi.org/10.1093/ndt/gfw092
http://doi.org/10.1016/j.ekir.2017.03.014
http://doi.org/10.7326/0003-4819-150-9-200905050-00006
http://doi.org/10.1016/j.jval.2015.12.003
http://doi.org/10.1108/14777271211251318
http://doi.org/10.1016/j.jclinepi.2013.12.009
http://www.ncbi.nlm.nih.gov/pubmed/24721558
http://doi.org/10.1016/S1473-3099(17)30753-3

Int. J. Environ. Res. Public Health 2021, 18, 1607 13 of 13

29.

30.

31.

Dolan, J. Shared decision-making—Transferring research into practice: The analytic hierarchy process (AHP). Patient Educ. Couns.
2008, 73, 418-425. [CrossRef] [PubMed]

Phillips, L.D.; Fasolo, B.; Zafiropoulos, N.; Beyer, A. Is quantitative benefit-risk modelling of drugs desirable or possible? Drug
Discov. Today 2011, 8, e3—e10. [CrossRef] [PubMed]

Heiman, G.W. Research Methods in Psychology, 3rd ed.; Houghton Mifflin Company: Boston, MA, USA; New York, NY, USA, 2002.


http://doi.org/10.1016/j.pec.2008.07.032
http://www.ncbi.nlm.nih.gov/pubmed/18760559
http://doi.org/10.1016/j.ddtec.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/24103837

	Introduction 
	Materials and Research Methods 
	Materials 
	Research Methods 
	DEMATEL Technique 
	DEMATEL-Based ANP (DANP) 


	AKI Risk Assessment Model for Elderly Patients 
	DEMATEL Analysis 
	DEMATEL-Based ANP (DANP) Weights 

	Discussions 
	Conclusions 
	
	References

