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Abstract:

As one of the most important institutions providing health and treatment
services, the hospital plays an important role in the return of the physical and
mental health of the society; therefore, effective management during a crisis can
have a significant effect on the optimal performance of this institution. Resilient
hospitals play a vital role in reducing mortality and severity of injuries by
providing emergency services needed during accidents and disasters. Hence,
this research was carried out with the aim of designing a model for assessing the
resilience of the supply chain of public hospitals in Yazd province with the
approach of network data coverage analysis (NDEA). This research is applied in
terms of purpose and a descriptive-survey study in terms of method. The data
has been collected through the review of articles and opinions of experts in the
field of health. Determinln%the effective and ineffective hospitals, and finally,
according to the results of the data coverage analysis, the sensitivity analysis of
the data has been done. The results of the envelopment analysis of the input-
oriented network data revealed that only 07percent of the studied hospitals were
efficient. After determining the efficiency at four stages and the efficiency of
the network, the hospitals were respectively ranked from the most efficient to
the least efficient, and at the end, some suggestions for improving the efficiency
of hospitals and future research were provided.
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1.Introduction

Today, severe environmental changes and their unpredictability have
increasingly attracted the attention of managers and planners in various
fields. Lack of attention to these sudden and surprising changes not only
puts organizations and institutions under threat and destruction, but it can
also lead to human crisis in organizations such as hospitals (Khadmi-
Jalgah-Najad, 2019). The importance of health supply chain is of great
interest not only for the private sector to increase profits and reduce
costs, but also for governments and the general public. In fact, it can have
a direct impact on the quality of life of people in society. Achieving an
ideal and efficient supply chain can be a fundamental step in improving
the satisfaction of patients and health professionals and reducing costs.
Hospitals are vital social institutions that provide essential health services
to save lives and promote human health. However, the potential of
hospitals to reduce risk and disasters is not only to continue providing
essential health services in times of crisis, but also to manage community
resilience to disasters in normal times (Ito & Aruga, 2022). Therefore,
according to the type of function they have and being in the first place of
reference for the injured, hospitals should have the best performance.
Therefore, in order to maintain the basic functions and quickly return the
hospital to its original state, the resilience of the hospital is important
(Mohammed Hosseini Issini, 2019), which calls attention to the necessity
of availability and efficiency of hospitals. With the increasing impact of
disasters on people's lives in recent times, the need for resilience in the
health care supply chain is very vital (Beg et al., 2019). The field of
health and medicine is one of the fields where many disorders and risks
occur (Mohammadipour, 2019). In this situation, people also expect
hospitals to have a high level of continuity and sustainability, that is, to
be available at all hours and provide medical care (Ernest Dube, 2020).
Therefore, to maintain the performance of a hospital during disasters
(Hiba Mehtadi et al., 2021), supply chain resilience is defined as the
ability to proactively plan and design the supply chain network to
anticipate unexpected disruptive events and respond adaptively to
disruptions, which requires coordination and integration of resources and
capabilities of supply chain entities to ensure adequate preparedness,
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effective recovery and response , and most importantly, providing robust
services to patients in the event of a disruption. However, this supply
chain must also support the well-being of its customers (Sawyer &
Harrison, 2022). Hence, based on aforementioned points and the
importance of resilience in the field of health, especially hospitals, this
research aims to provide a suitable model to evaluate the efficiency of the
resilience of the supply chain through the overlay analysis of network
data in the studied hospitals.

2. Literature Review

Health and safety are considered among the most important objectives
in every country, and this is exemplified in the Constitution of the
Islamic Republic of Iran, which highlights their importance as well. The
health and community hygiene sector consistently aims to use minimal
resources as efficiently as possible to deliver high-quality health and
treatment services (Khatami Firouzabadi et al., 2017). Hence, it is
important to evaluate the efficiency of health systems and medical
centers at both micro and macro levels. In recent years, managers at these
centers have shown a strong commitment to meeting the different needs
of patients with high quality services. To achieve this goal, it is necessary
to assess the performance and efficiency of each department within
health centers (Jehan-tigh and Astavareh, 2016). Performance evaluation
is a process that organizations always pursue to assess in various ways,
aiming to improve and promote the organization's members and
activities. In this regard, hospitals, as the most important units of the
healthcare service delivery system, feel the need for performance
evaluation more than other organizations since the weak performance of
managers causes delay in the treatment or progression of diseases or
death (Nazari, 1996). Therefore, in order to perform better, hospital
managers need to examine the efficiency of different departments of
hospitals and determine the causes of their inefficiency, which leads to
people's satisfaction with the health and medical services of the country.
(Samuel et al., 2014). In order to provide medical services and fulfill
their mission, hospitals are made up of different departments. Thus, when
examining the efficiency of hospitals, we should pay attention to
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examining their different units. These sectors have different inputs and
outputs, and these inputs and outputs do not necessarily have the same
scale. Therefore, the technique of data envelopment analysis can be used
to check the efficiency of hospitals. On the other hand, in line with the
primary objective of the research—to model and identify factors
affecting hospital performance, compare units with one another, and rank
them—the data envelopment analysis technique can effectively
accomplish this goal (Shafi'i Nikabadi and Hosseini, 2018). In a
comprehensive definition of resilience is considered as the ability of a
system based on four actions of planning and preparation, returnability,
recovery and adaptation in adverse events (Linko &Trump, 2020). At the
time of an accident, hospitals, in addition to receiving and treating the
injured, continue to take care of the existing patients. Therefore, in order
to face these conditions, the concept of resilience should be considered
(Khademi Jalgenejad, 2018). By creating resilient health systems, the
hospital is able to predict, respond, cope and recover, and is also
compatible with shocks and tensions (Laberda et al., 2017). Data
envelopment analysis is a mathematical programming approach, one of
the non-parametric methods of evaluating the performance and ranking
of homogeneous decision-making units (Pratab Singh et al., 2022) which
is also used for relative evaluation using multiple inputs and outputs.
Scores evaluate the efficiency of decision-making units (Shafii Nik-
Abadi et al., 2017). Since the conventional envelopment analysis models
cannot be used to measure the performance of units with a network
structure, the network data envelopment analysis approach should be
used (Pikani et al., 2022), which can evaluate the performance of units
with a network structure such as two-stage, series, parallel, mixed, etc.
(Kao, 2017)

3. Methodology

In terms of the purpose, this research is applied one, based on
mathematical modeling with the help of the evaluation method.
Regarding data collection, using library studies and the review of the
related research and the opinions of health experts in the field under
investigation, 10 main dimensions with 40 sub-dimensions were
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identified and examined. Since the aim of this research was to provide a
suitable model to evaluate the efficiency of hospitals with an emphasis on
the resilience component of the hospital supply chain, the data analysis
method was based on open multi-stage NDEA and the statistical
population included public hospitals in Yazd province in the summer of
1401. In this research, using Lingo software, optimal values were found.

4.Results

The present research findings enable managers to evaluate their
performance against competitors and identify reasons and weaknesses for
any low performance and take action to fix them. The output of the
model and the hospital ranking help managers to examine the input,
intermediate and output data in order to enhance their performance and
take action to improve the status of these variables and strengthen the
resilience of the hospital supply chain.

The results of the present study reveal that the resilience indicators of
hospitals in terms of coordination with suppliers, stock management,
support systems, medical equipment management strategies, government
and organizations support for recovery and the nature and severity of the
accident, compared to other indicators, and are not in favorable
conditions to handel disruptions and crises, and they require attention and
reinforcement. Also, in order to enhance patient satisfaction, the factors
that lead to the deterioration of the target function should be minimized
ensuring adequate preparation to handle crisis situations effectively and
achieve the desired situation with proper planning since hospitals are
among the most important organizations that provide medical care, in
order to be efficient and perform well, they must respond in the best
possible way when confronting accidents.

5. Discussion

The present research findings enable managers to evaluate their
performance against competitors and identify reasons and weaknesses for
any low performance and take action to fix it. The output of the model
and the hospital ranking help managers to examine the input,
intermediate and output data in order to enhance their performance and
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take action to improve the status of these variables and strengthen the
resilience of the hospital supply chain. In order to create resilience,
several factors are involved, and by examining them, solutions are
provided to reduce the disruptive factors. Some factors involved in
creating resilience are continuous examination of the necessary
equipment and emergency drugs and their supply and their proper
management and storage. Additionally, ensuring that hospitals and
suppliers meet their obligations in order to integrate the supply chain and
its various sectors, establishing long-term contracts with suppliers in
order to increase cooperation, planning crisis management, and activating
the hospital incident command process to be ready and give timely
responces to warnings in accord with incidents are among the issues to be
considered.
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Figure 2: Multi-stage (4-stage) series system with parallel stages
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Table 3: dimensions and sub-components of hospital supply chain resilience
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Table 4: Common inputs and outputs of the model
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Table 5: Inputs and outputs of the model
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Table 6: Resilience index values in hospitals

v
482 ¢ %8 ¥ 9 s 3 g 3 3 I § 3
s 5§ § § & & & & § § § § E E
>

vl 0.785 0.981 0.932 1.030 1.226 0.932 0.834 0.883 1.030 1128 1.128 0.981 1.148
v2 0.907 0.857 1.008 1.058 1.209 0.857 0.857 0.957 0.907 1.008 0.759 1.058 1124
v3 0.804 0.898 0.945 1.040 1.087 0.945 0.851 0.993 1.040 1182 0.882 1.040 0.970
v4 0.903 0.803 0.954 1.004 0.954 1.004 0.853 1.054 1.154 1.154 0.954 1.154 1.070
z1 1.008 0.902 0.955 1114 0.902 1.008 1.955 1.167 1.902 1.008 1.982 1.008 1.069
z2 0.904 1.904 1.904 1.961 1.904 1.930 1917 1.074 1.917 2.930 1.990 1.017 1.844
z3 0.925 0.925 1.325 1.976 1.833 1.976 1.822 1.079 1.233 2.974 1.908 0.976 1.940
74 0.732 0.961 1.824 1.961 1.099 1.007 1.099 1.236 1.907 1.907 1.007 1.099 1.991
z5 1.012 0.906 0.906 1.119 1172 0.906 1.066 1119 1.012 1.693 1119 0.959 0.965
z6 1.053 0.947 0.947 0.895 1.053 1.000 0.947 1.158 1.105 1.895 1.053 0.895 1.062
z7 1.092 0.936 0.884 0.936 1.040 0.936 0.936 1.092 0.988 1.940 1.092 0.988 1.051
z8 1211 0.842 1.000 1.105 1.000 0.895 0.789 1.158 0.947 1789 1.158 0.895 1219
z8 1.079 1.022 1.079 1.022 1192 0.852 0.795 1.079 0.965 1.981 1135 0.852 1.303
z10 1211 1.000 1.000 1.158 1.158 0.895 0.842 1.158 0.842 1.684 1.053 1.053 0.903
z11 1.336 0.925 0.874 1.028 0.925 0.976 0.874 1.079 0.822 1.925 0.976 1.130 1.091
712 1.092 0.936 0.884 0.832 0.988 0.936 0.780 1.196 1.040 1.940 1.092 1.144 1.051
z13 1.004 0.951 1.951 0.846 1.951 1.898 1.951 1215 0.951 1.987 2.968 1.004 1.922
wil 1110 0.793 1.163 0.951 1.904 0.846 1.846 1321 0.951 1.993 2.957 1.004 1971
w2 0.959 0.768 1.055 0.911 0.959 1.055 0.911 1151 0.863 1.955 1.055 1.103 1174
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Table 7: Outputs of the model
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Table 8: The efficiency of the stages and the whole network

e g U A o 2,
Network system efficiency Step efficiency DMU
4 3 2 1

004.1 0 0 0041 1.000 1

7130 0 0 9150 0.779 2

501.0 0 699.0 850.0 0.843 3

758.0 0 0 8410 0.901 4

7480 0 0 7790 0.960 5

611.0 0 0 895.0 0.682 6

1570 2400 0 7620 0.861 7

0 0 0 0 0.999 8

7920 0 0 9900 0.800 9

7510 . . 818.0 0.918 10

0 . . 0 0.927 1

613.0 . . 9910 0.618 12
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Table 9: Efficiency of public hospitals in Yazd province in each process with two-
stage network DEA model

%)

5488

) § g 1 2 3 4 5 6 7 8 9 10 11 12 13

3°%
1 0 0.983 0 0.400 0.240 0.509 0 0 0.793 0.907 0 0.379 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0.996 0 0 0 0 0 0 0.771 0 0 0 0
5 0 0 0 0 0 0 0 0 1 0 0 0 0
6 0 0 0.100 0 0 0 0 0 1 0 0 0 0
7 0 0 1.000 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0.981 0 0 0 0 0 0
9 0 0 0 0 0 0 0.261 0 0 0 1.009 0 0
10 0 0 0 0 0 0 0 0 0 0 0 1.017 0
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Table 10: Ranking of hospitals

WSl 2,5 Ol ylom 06 ady S )5 Qlwylom oU 4,
Network performance Hospital name Rank Network performance Hospital name  Rank
0.611 DMU8 8 1.004 DMU1 1
0.501 DMU9 9 0.792 DMU2 2
0.157 DMU10 10 0.758 DMU3 3
0.048 DMU11 11 0.751 DMU4 4
DMU12 12 0.748 DMUS5 5
. DMU13 13 0.713 DMU6 6
— — — 0.613 DMU7 7
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Table 11: Sensitivity analysis of indicators

Variables
DMU1
DMU2
DMU3
DMU4
DMU5
DMU6
DMU7
DMU8
DMU9

DMU10
DMU11

w2l 0.000 0.180 | 0587 & 0.195 | 0.191 = 0.147 | 0127 0.000 @ 0.492 0.000 0.426 0.684 0.000
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