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Background: Nosocomial infection (NI) increased the rate of mortality, morbidity and financial load
for patients and Healthcare Facilities (HFs). Regarding to many advances in controlling NIs, it is still
a worldwide problem. Layout of HF (department configuration) has a vital role in controlling NIs,
because the pathogen microorganisms can transmit among departments. Some departments can trans-
mit microorganisms much more than the other departments, called cause, and some of them received
the microorganisms more than the others, called effect. Both are risky.
Objective: This study attempts to propose a comprehensive algorithm for selecting low risky depart-
ment(s) for upgrading of HFs by use of Multiple Criteria Decision-Making (MCDM) methods.
Methodology: Among MCDM methods, this study has hybrid WSM and Expanded DEMATEL, beside mod-
ified Nominal Group Technique to minimize NIs risk in upgrading of HFs. The resulted decision-making
algorithm is validated by implementing in a HF as a case study.
Results: The final proposed algorithm and the resulted low risky departments are approved by head and
manager of the HF. Therefore, the algorithm is valid, and the feasibility of algorithm is approved by
achieving the result from implementing of algorithm in the case study.
Conclusion: To conclude, the proposed algorithm can be a solution to minimize the risks of NIs, while
upgrading, in each HFs and make the decision of HF's managers easier and logic.

© 2020 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Keywords:
Nosocomial infection
Healthcare facility
Risky department(s)
Upgrading

Decision making

Introduction [6-8]. Some studies have determined the relationship between the
transmission of pathogens or spread of NIs and the layout structure
of the hospitals [9-13]. The experiences of existing HF environ-
ment reveal their poor designs [14], the environment of the HFs
is a reservoir of the nosocomial pathogens that could infect the

patients during their HF stay [15,16].

Despite the fact that healthcare facilities (HFs) are making
efforts for controlling Nosocomial Infections (NIs), the NIs result
in a significant mortality and morbidity rate, which increases
the healthcare-associated costs and could cause an economic cri-

sis [1]. Nowadays, an increase in the use of antimicrobials and
advancements in the medical practices have led to many invasive
procedures being used on the patients, which further increases the
threat of new NIs [2]. These infections are considered a hazard in
this day and modern age of antibiotics [1,3,4].

Several researchers have shown an interest in investigating the
effect ofthe HF environment on the health of the patients [5]. The HF
design is seen to play a significant role and is an emerging strategy
in controlling the spread of infections and can incorporate infection
control measures for minimising the infection transmission risks
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These days, altering the design of the HFs and the departments
housed in these HFs is a strategy which is used for controlling
the spread of infections [7]. According to Lateef [17], owing to the
increased incidence of new and emerging NIs, along with the higher
public awareness and expectations, the designing phase of the HF
buildings should be paid attention. Even after the completion of
the HF building project, the administrators must put into place
a systematic plan for constantly modifying the HF infrastructure
[17,18].

The NI risk in HFs exist and it is not a practical solution to
close down the existing HFs because of the extremely high costs
of rebuilding [19]. But, after initial completion of the HFs, a sys-
tematic and on-going approach can be adopted to modify, upgrade,
the infrastructure [17,18]. An extensive search of the different lit-
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erature databases together with interviews with professionals of
the field reveals that there are very few systematic approaches
that can be implemented to modify the existing HFs for NI reduc-
tion. Padgaonkar [20] mentioned, the prime focus while designing
HF layouts is the optimal arrangement of these entities, since the
proper placement of departments results in the travel entities hav-
ing to travel shorter distances, thus reducing the movement cost
drastically. However, the cross infection risks is less noticed.

This study tries to evaluate departments’ relationship for cross-
infection and transmission of NIs. It is essential to ensure that
infection prevention is considered and implemented during the
planning, designing, construction, and upgrading stages of all new
builds to minimise the cross-infection risks that can be associated
with the environment.

In upgrading processes, the facility will be expanded and num-
ber of departments will be increased [21], improving the primary
HF layout, extension of existing HFs, or optimising the existing
productivity of the HFs [22].

The upgrading cycle is divided in to four main phases, pro-
posal, design, construction, and use [19]. In the proposal phase,
as Sheth et al. [19] explained, a pre-construction primary design
phase, where most of the decisions related to end product will be
taken. This phase will serve as guidance during the development
of the upgrading proposal. They also explained that in this phase,
various opportunities are provided to consider different options
which can have an impact on the overall life-cycle of the facil-
ity. The decision-making (DM) team is key actor in this phase. In
minimizing infection risks, infection control teams should be con-
sulted from the outset of any new build/ upgrading project and
should form part of the planning team [23]. Hence, the objective
of this study is to formulate a department selection algorithm for
upgrading of HFs, with the ability to minimize the NI risks through
upgrading of HFs.

Method
Decision-making and methods used for selecting the HF upgrading

Before upgrading the HFs, the DM decide if any appropriate
departments have to be added. Thereafter, the departments that
get added compete with the other department(s) based on the cri-
teria defined by the decision maker. If there are multiple options to
choose, the DM process must evaluate the different decision criteria
for ensuring that the right alternative is selected [24]. In this study,
before selecting the departments in the HFs, two criteria clusters
were identified, the NI risk and the managerial criteria (like the
society need, cost and etcetera). These criteria can differ accord-
ing to the different HFs and their needs. The HFs are a complex
organisation with multiple criteria.

Some HF departments can transmit microorganisms much more
than the other departments, called cause, and some of them
received the microorganisms more than the others, called effect.
In this study, both cause and effect departments are called risky.
The risky departments in the HFs are selected using Multiple Crite-
ria Decision-Making (MCDM) techniques. Hence, for selecting the
appropriate methods from the various MCDM methods, Gade and
Osuri [25] and Parsia [26] suggested that some important aspects
must be considered, which are as follows:

—-

. Generalised application domain;
ii. Ease-of-use;

iii. Consistent operation;

iv. Friendly user interface;

v. Time required;

vi. Robust application;

vii. Technical implementation;
viii. Accurate DM course results;

Hence, in this study, the researchers selected two MCDM meth-
ods, described below.

Weighted sum method (WSM)

The Weighted Sum Method is a broadly popular, widely known
and practically used, and readily implemented subjective DM
method [27,28]. Kumar and Suresh [29] demonstrated, this method
involves decision procedures wherein every alternative must be
scored based onrelevant factors, with each weighed on importance.
Methodical application involves the determination of highest
scores for all criteria, the determination of the diverse levels of all
factors, and the determination of suitable scores for each level [29].
Sorooshian [28] agreed on x alternative (A) and the y decision crite-
rion (C) sets, in that the method can be algorithmically delineated
into five phases:

i. By focusing on the decided priorities for the criteria according
to their importance in DM, weightings (Wy) in percentages can
be assigned to every criterion so long as the total weight equals
100%.

ii. For each alternative, assign a numeric value (V) based on each
criterion. With this step, the alternatives set are represented
by the decision matrix [Vj;], wherein Vj; denotes the numeric
value that expresses how efficiently alternative Ay could attain
criterion Cy. Through this research, the author utilised numeric
values within the domain 1<V <100, even though a different
series could be utilised for all values.

iii. The weighted sum (WS) is determined by Eq. (1).

WS(AX) = (WX-VX) (1)

i. Eq. (2) shows that for each alternative (Ax), the WS can be deter-
mined by summing up the respective resulting values.

WS(Ax) =) (WS (AX)) (2)

y

i. Finally by comparing the WS, the alternative featuring the highest
WS is superior alternative in terms of selection.

Expanded DEMATEL

The expanded DEMATEL was initially presented in 2014 [30]. It
facilitates researchers to establish the cause and effect alternatives
in bidirectional relations in networks when the number of rows is
not the same as the number of columns among different sets which
consist of several alternatives [30].

Falatoonitoosi et al. [30] stated, as per the DEMATEL technique,

n

when i=j, [Ri],q =(Zt’j) nx1 (total given effects by factor i) and

Jj=1
n

[Cilixn = (Ztij) nx1 (total given effects by factor j) and thus (R - C)

i=1
will be obtained. But when i # j and elements in rows are distinct
from components in columns, computing (r; — ¢;) is not feasible
[30]. If we have two clusters (1 and 2) with different factors and
unequal number of factors to evaluate their relationships, the eval-
uation will be done based on Eqgs. (3)-(5) of Expanded DEMATEL in
two different matrices.
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In first matrix, R (the total effects, both indirect and direct) of
cluster 1, based on Eq. (3), will be achieved.

[Rilix1 = Zfii' (3)
-1

ix1d x

In second matrix, C (total effects, indirect and direct, received)
of cluster 1, based on Eq. (4), will be achieved.

[[Cillxi: (ZQ:") 1 (4)
i=1 1xid x

Finally, the (R-C) will be achieved based on Eq. (5).
(R—C)1=R1—-C4 (5)

If (R; - G) is positive, the influence factor i is a net cause, while if
(R; - C;) is negative, factor i is a net receiver (effect). Based on some
researches, practically, the value of (R-C) is more effective and
applicable than (R+C) alternatives prioritization. The component
with the highest positive value of (R — C) can be named as the master
dispatcher, in the cause group, and the component with the lowest
value of (R-C), in the effect group, can be named as the master
receiver [31-36].

Hybrid decision-making method for HF upgrading

Latest trend with regards to the use of MCDM method is to
hybrid a few methods to make up for shortcomings in any single
specific method [37-39]. Karami [40] suggested, decision-makers
generally use more than one DM method to make important
decisions. Zavadskas et al. [38] said, “because individual MCDM
methods can yield different rankings, selecting an appropriate
method is a great challenge. It is therefore recommended to use a
hybrid approach based on more than one method and to integrate
those results for final DM. Another advantage of hybrid approaches
over individual methods is based on an opportunity of integrating
subjective and objective criteria importance into the value of utility
function”.

To develop algorithm, WSM-Expanded DEMATEL should be
employed as a hybrid MCDM method for this study. Initially, WSM
will be employed to identify the potential departments/alternatives
which can be included in an existing HF depending on the
managerial criteria. Next, Expanded DEMATEL could assess the
bidirectional relations between various clusters of existing depart-
ments and potential departments, based on NIs risks, which can be
included in the HF. The outcome of the Expanded DEMATEL is the
recommended low-risky departments for HF upgrading which can
be chosen from the potential list of upgrading.

Group decision making for HF upgrading

Usually, the Group Decision Making (GDM) process involves
several stakeholders discussing the issue at hand, listing of alter-
natives by means of brainstorming and reaching a consensus that
produces the final set of decisions [41]. The outcome of multiple-
criteria GDM is more precise compared to a single decision-maker
[28]. This study proposes an integrated method of Hybrid MCDMs
and GDM for the complex DMs of HF upgrading and stakehold-
ers of this studies are HF manager, NI specialist, and modification
decision makers. The Nominal Group Technique (NGT) is an adap-
tation of the brainstorming wherein the DM group suggests their
decisions separately [28].

Most GDM and consensus models include a few number of
scholars, because usually, important decisions are made by profes-
sional, skilled and authorised persons in the firms, administrations

or institutions [42]. These scholars have their own viewpoints,
knowledge, interests and etcetera which face a universal prob-
lem and attempting to arrive at a collective decision [43]. In this
research, each HFs have separate clusters and probably not many
scholars with different knowledge or non-equal level of exper-
tise in the area of minimising NIs risks. To achieve feasible and
valid results, it is very crucial to know how to give weight to
these diverse clusters of experts and recognise which opinion has
higher impact compared to the other ones. It is difficult to obtain
the consensus about all issues in practical group DM processes,
so it is a significant research topic how to assess the evaluation
level of scholars in group-decision analysis [44]. Thus, this research
attempts to use a solution which was proposed recently [28]. It
is recommended to nominate separate expert clusters with refer-
ence to the level of expertise of each committee. This technique
also, taking into account DM panel with poorer level of exper-
tise, could resolve the limitation of expert accessibility in DMs. In
case of DM, a different weightage for each cluster may be applied
based on the degree of expertise. The weightage of the opin-
ions of each cluster is determined by the top decision maker(s)
[28].

This research uses the NGT along with the approaching experts
with unbalanced expertise; this is modified NGT [28], however,
from now generally will be called NGT.

The process of new algorithm for upgrading of healthcare facility

Through an integration of above hybrid techniques for HF
upgrading, this research suggests new DM algorithm in order to
minimize the NI risks, as given below (illustrated in Fig. 1).

Step 1: Alternative (proposed departments to be added and the
existing departments) identification by use of NGT.

Step 2: Managerial criteria identification by use of NGT.

Step 3: Computation based on WSM for potential departments
to be added based on managerial criteria.

Step 4: To study interrelationships between alternatives (poten-
tial list and existing departments) by use of NGT.

Step 5: Computation by Expanded DEMATEL to select the best
potential department based on NIs interrelationship between the
departments.

Step 6: Final selection of the potential department for upgrading.

To assess validity of algorithm of this study by experts and fea-
sibility and validity of algorithm by case study will be used.

Case study

The case study is a popular and valid method to test MCDM mod-
els [45] Zahidy, and it aims to settle some logistical concerns such
as; verify that the instructions are clear and feasible, the quality of
results and the analytical procedures to determine their efficacy.

After search and evaluate potential HFs to provide a practical
validation of the proposed algorithm, a HF in Iran confirmed to
cooperate and be as a case study of this research.

Characteristics of case study in this research

The HF for the case study of this research is established in
1949 and it is the only accidents and trauma HF in Kerman, a
province in South-East Iran. Todays, it constitutes 20 diagnos-
tic and therapeutic departments, tabulated in Table 1, with 400
beds and 1,400 medical staff and modern equipment run thera-
peutic services, student training, research and prevention plans.
The HF is categorized as a large public HF with the objective of
general education, which runs long-term and tertiary-level care
system.
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Identification of Managerial Criteria
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Fig. 1. Flowchart for upgrading a HF.

Table 1

The HF departments.
Name of departments No. Name of departments No.
Haematology/Oncology 2 11 Neurology1 1
Jaw and face surgery 12 Neurology2 2
Urology 13 General Surgery 3
Internal surgery 14 ICU1 4
Emergency 15 ICU2 5
Laboratory 16 ICU3 6
CT scaning 17 CcCuU 7
Radiology 18 Orthopaedics (for men) 8
Pathology 19 Orthopaedics (for women) 9
Physiotherapy 20 Haematology/Oncology 1 10

In this study, in order to comprehend the transmission of
infection to various HF departments, observation is run. The data
collection processis run through close-ended interviews with man-
agement and infection control experts to determine and analyze
the management and infection risk criteria as to select HF depart-
ments for upgrading. To run interviews, NGT method is applied
and the data of every expert is ranked based on the unbalanced
expertise method. The final data are applied to test the proposed
HF upgrading algorithm.

Nomination of experts

In order to determine the experts to collect data, according to
the management guidance, an interview is run with the research
authority of the HF as the study mentor. The mentor is required
to present all the potential experts with minimum 3 years work-
ing experience in the hospital and knowledge about management
criteria or/and infection risks. Fourteen experts from the HF with
positions tabulated in Table 2 are approved and they assigned ranks
based on the correspondence of their expertise to the study case,
unbalance expertise method. After collecting the matrices of every
expert, the rank number of each expert is multiplied into the data of
his/her matrix to run further calculations. The rank of every expert
is tabulated in this table according to the HF head and manager.
After obtaining the final approval, the experts are interviewed.

Results

In order to upgrade the HF, the processes of implementation of
the algorithm are described in below subsections.

Management criteria and the departments proposed by the
management group for upgrading the HF

Due to heavy workload and unavailability of mentioned experts,
the data collection process is run in one month, in 2018, at the office
of each expert. The duration of the interviews was 30-60 min.

Thirteen departments are proposed to upgrade the HF accord-
ing to the interviews conducted with the management group. Then,
after completing the criteria collection process, the overlapping
data are identified and represented as one criterion. As to adding
low risky department(s) in the HF, 15 managerial criteria, and 13
potential departments, shown in Table 3, are collected. The final
lists are analyzed by experts during the interview to score the cri-
teria, second meeting, and then all experts approved the lists.

Data collection for WSM matrix to determine potential
departments for upgrading to the HF

The second meeting of interviews with management group of
the HF is organized after determining the management criteria and
the departments to be added based on management experts’ first
interviews. During the second meeting, the interview to weigh the
management criteria for potential departments to be added is run
(This data also is used for other article by the authors [46]). The sec-
ond interview is run in every expert’s office, based on NGT method
for 20-40 min. To begin with, the final list of departments and man-
agement criteria is provided, and the final approval is obtained from
each expert. Then, WSM matrix table is tabulated for every expert
and to weigh the management criteria, close-ended questions are
asked. By considering the WSM method at the beginning of the
interview, each expert is required to weigh each criterion from 0
to 100 based on the extent to which the criterion is considered
essential in selecting a potential department to be added. Then,
asked from each expert to weight for each a potential department
to state the extent to which each criterion is present in the hospital
to add that department. Complete presence is rated 100, while lack
of presence is 0.

Analysis of WSM matrixes obtained from management experts to
determine potential department for upgrading the HF

After collecting WSM matrices, by considering unbalance exper-
tise method, the assigned rank of each expert is multiplied into
the matrix obtained from him/her. Then, the matrix average of
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Table 2
List of experts and their ranking based on unbalance expertise method.
Categorization of Position Duration of Speciality Ranking No.
experts professional
experience
Head of the HF 12 years PhD in Anesthesia and Fellowship 3
Specialist of ICU
Experts related to Manager of the HF 15 years PhD in Internal disease specialist 3
collecting management The HF development committee 3 years B.Sc in Engineering 2
criteria coordinator
The HF quality improvement committee 7 years M.Sc. of management 2
coordinator
The HF crisis and hazard committee 6 years M.Sc. of management 2
authority
Research coordinator 4 years M.Sc. of Nursing 1
Training coordinator 4 years B.Sc. of Nursing 1
The HF infection expert and member of 7 years PhD in Infectious disease specialist 3
infection control
Experts related to The HF infection control coordinator 8 years M.Sc. of Nursing 3
assessing infection The HF infection expert and member of 5 years PhD in Infectious disease specialist 3
risks infection control
The HF infection expert and member of 3 years PhD in Infectious disease specialist 3
infection control
The HF nursing head 11 years M.Sc. of Nursing 2
The HF quality improvement committee 7 years M.Sc. of management 2
coordinator
Environment health coordinator 6 years B.Sc. of environmental health 1

Psychology emergenty ———

Chemotherapy

Infection

Transplant

Rehabilitation and physical treatment

Obstetrics and Gynecology

Hand surgery

Surgery 2

Eye surgery

Ear, throat and nose surgeries

MRI

Peripheral vessels angiography

Reconstructive surgery

30 40 50 60 70 80 90

Fig. 2. Result of WSM matrix from managerial experts.

all collected matrices is obtained and applied to run the calcula-
tion through WSM method. The total sum of WSs with all criteria
is obtained for each alternative. The obtained results are com-
pared to one another based on chart in Fig. 2 and the higher ranks
are presented as potential departments; Reconstructive surgery,
Peripheral vessels angiography, MRI and Surgery 2; for upgrading
the HF according to management experts.

Data collected infection control experts in the HF for upgrading
based on infection risk criterion

In a series of meetings, interviews are run with infection con-
trol experts presented in Table 2. Experts are asked close-ended
questions as to weight the criteria through Expanded DEMATEL
method and matrices are collected after they have weighted by
experts. Experts are required to assign rates to the potential depart-
ments to be added in first matrix, as to the extent of infection
risk effect and infection transmission into existing departments,
then in the second matrix experts are required to assign rates to
each existing department as to the extent of infection risk effect
and infection transmission into the potential department to be

added. The rates are beginning from 0=no effect to 1=Ilow effect,
2 =moderate effect, 3 =high effect, and 4 = very high effect.

Analysis of Expanded DEMATEL matrices obtained from infection
control experts in the HF for upgrading based on infection risk
criterion

The obtained ranks of each expert are multiplied into their
matrix data, the matrix average is calculated, and the final matrix,
total, is applied for further calculations. Because there exist two
matrices in Expanded DEMATEL method.

Assessing potential department’s infection risk on existing
departments; and assessing existing departments’ infection risk on
the potential department.

According to Table 4, reconstructive surgery is cause. It means
that, if this department add to the HF, it will have impact on the
other factors higher than the they influence on it. Among other
potential departments which are belonged to effect group, MRI has
the lower amount of R-C. Therefore, it is receiving the higher influ-
ence from the other departments of hospital. After MRI, peripheral
vessels angiography and surgery 2 have the lower negative amount
of R-C, respectively. Therefore, with lowest risk of cross infection
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Surgery 2 |

MRI

Peripheral vessels angiography | RN

Reconstructive surgery
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Fig. 3. Measurement of infection risk for potential departments of the HF based Expanded DEMATEL result.

Table 3
Potential departments and selection managerial criteria for upgrading to the HF.

Name of potential departments Criteria

Peripheral vessels angiography The possibility of obtaining approval and
government permissions to establish a
new department

Correspondence of the new department
with hospital expertise and strategies
Presence of an expert (physician) with
expertise corresponding to the new
department

Presence of appropriate personnel count
(nurse, paramedic, etc.) to provide
appropriate services

The high financial profitability of
department

MRI

Ear, throat and nose surgeries

Eye surgery

Reconstructive surgery

Transplant Lowest expenses of equipment and
establishment
Surgery 2 Lowest expenses of maintenance of the

new department

The demand for community and inpatients
Availability of facilities, equipment and
medication corresponding to the medical
standards

Correspondence of the new department
with insurance laws

Hand surgery
Obstetrics and Gynecology

Infection department

Chemotherapy Appropriate infrastructure condition for
establishing a department
Psychology emergency Correspondence of construction conditions

(architecture) of the new department with
construction standards of hospital

Rehabilitation and physical Effectiveness as to training enhancement

treatment in order to improve the domestic rank of
hospital-based on MOH measures
Physical conditions required for
establishing a new department
Improvement of the treatment process and
service provision in the existing
departments after adding a new
department
Table 4
Final analysis of Expanded DEMATEL.
R Potential C Potential R-C
Reconstructive surgery 1.047274 1.022857 0.024417
Peripheral vessels angiography 0.607485 1.289175 —0.68169
MRI 0.143541 0.841618 —0.698077
Surgery 2 1.292598 1.296289 —0.003691

based on the result of Table 4 and Fig. 3, surgery 2 and reconstruc-
tive surgery are suggested for upgrading the HF. The fact that the
procedures are analyzed in the case of this study in an appropri-
ate manner and the result is obtained by its implementation, is an
approval to the feasibility of these procedures.

Conclusion

NI is not limited to be a local issue; it is a worldwide challenge
[47]. HFs’ managements and public health authorities around the
world are trying to find the most cost-effective strategies and poli-
cies to prevent and control NIs [48]. According to Khan et al. [49],
although attempts are made to control and prevent NIs, the struggle
must continue.

Layout configuration of current HFs layout is mostly based on
minimizing costs or the inclusion of technologies [50]. For the safety
and health of the society and less Nls in HFs, it is necessary to have
proper selection and organization of HF departments and right lay-
out design [51]. Demolishing existing structures and constructing
the new is not a feasible solution to provide modern healthcare ser-
vices and reduce the impacts of healthcare construction industry on
the environment [19]. Although, department selection and layout
configuration are very apparent in upgrading of HFs building con-
text and the objective of controlling the NIs, not many researchers
have worked on it. Drawing decision on HF modification is a com-
plex task. There exists very few, if any, systematic DM model(s) in
this respect, hence, this study, practically, is contributive in pro-
viding this type of model for HF modification in NIs control. In
hybridizations, this study has the novelty of introducing WSM-
Expanded DEMATEL (based on modified NGT) for the very first time.
This is valuable, as Tzeng and Shen [52] explained that new hybrid
MCDM, in addition to ranking or selection, are used to improve per-
formance gaps of existing MCDMs and the corresponding aspects.
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