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ABSTRACT

Health is a state subject as per the constitution of India. It is the responsibility of every state to make efforts for
raising the health standard and standard of living of the targeted population and the advancement of public health
as its primary function. Access to health care depends on how health care is provided. In India, the healthcare
sector shows a immense improvement, since last few decades. A brief review of operations research (OR)
applications to problems of health care systems are made in this paper. It demonstrates the possibilities which exist
for improving the operational, tactical and strategic decision-making of health care systems through the use of
operations research approaches. This article aims to raise the awareness of healthcare managers with regard to

realistic OR applications

KEYWORDS: Operations research, Health care system, Decision making.

INTRODUCTION

Operations research is a term that can be used with
mathematical and statistical methods and computer
systems,  which  characterizes the  orientation,
interdisciplinary philosophy, which aims to quantify the
relevant aspects of the situation in the modeling and
manipulation of the model approach to develop
decisions, plans, and policies. The systematic
methodology of OR focuses on the problems developed
conflicting objectives, strategies and alternatives. OR is,
ultimately, the scientific method, which is applied to
complex tasks to assess the overall impact of different
policy options to consider actions, providing a better
basis for making business decisions. The OR approach to
solve the problem comprises the following six sequential
steps:

i. Formulate the problem,

ii. Construct a mathematical model,

iii. Derive the solution from the model,

iv. Test the model

v. Establish control over the solution, and

vi. Implement the final results, (Figurel) shows this
schematically (Figure 1).
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Figure 1: Sequential Steps of OR approach.
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Every country has its own health care system, in
accordance with their needs and resources, but the most
common element is primary health care. In some
countries, health care system is distributed among
government agencies, private agencies, charitable
institutions, religious organizations to deliver good
health care services. The Indian health care system
comprises private owned hospitals, health personnel,
medical colleges, program manager, etc. The health care
system consists of all the actions and individual whose
main function is to provide quality health care services
and to improve health status. The health personnel,
hospitals, and healthcare agents have grown explosively
in this century. These agents contributed to better health,
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specifically for the poor. It is, therefore, needful to assess
the current performance of healthcare system in India.
The vital element of any health care system is the good
service delivery system. Thus, good healthcare service
delivery is, therefore, playing a crucial role and act as a
fundamental input to population health status.

Healthcare has become one of India’s largest sectors
both in terms of revenue and employment. Healthcare
comprises hospitals, medical devices, clinical trials,
outsourcing, telemedicine, medical tourism, health
insurance and medical equipment. The Indian healthcare
sector is growing at a brisk pace due to its strengthening
coverage, services and increasing expenditure by public
as well private players. Indian healthcare delivery system
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is categorized into two major components public and
private. The Government, i.e. public healthcare system
comprises limited secondary and tertiary care institutions
in key cities and focuses on providing basic healthcare
facilities in the form of primary healthcare centers
(PHCs) in rural areas. The private sector provides
majority of secondary, tertiary and quaternary care
institutions with a major concentration in metros, tier |
and tier II cities. India’s competitive advantage lies in its
large pool of well-trained medical professionals. India is
also cost competitive compared to its peers in Asia and
Western countries. The cost of surgery in India is about
one-tenth of that in the US or Western Europe. The
comparison of a few Indian major states with highest
healthcare cost is given in (Figure 3).
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Figure 2: Healthcare cost in different states of India.

Demographic change and increasing health expenditures
in the world make the healthcare research a hot topic.
Hospitals in the world are becoming larger to take
advantage of the scale economy but also become more
complex to design and to operate. Ageing population
makes constant diseases increasingly significant and
leads to the need of better disease prevention, diagnostic,
treatment planning and proactive cares. Patients are more
and more concerned by healthcare safety and
traceability. Healthcare systems are also changing and
new health services such as home healthcare and
telemedicine are growing. Most hospitals used to empiric
management are not prepared for and innovative systems
engineering approaches are needed. Recent development
of advance medical technologies makes the systems
engineering approach  possible.  The increasing
availability of healthcare relevant data makes possible
better disease prevention, diagnostic and healthcare
system operations. Innovative OR techniques have been

www.ejbps.com

Figure 3: States with highest healthcare cost in
India.

designed for a broad range of healthcare applications
such as operating room planning, emergency department
staffing, breast cancer screening, radiotherapy treatment
planning, home healthcare planning, long-term care
planning and scheduling.

Facing these challenges, the very first attempts of the
hospitals are to apply modern management techniques
from other industries. This leads to numerous hospital
projects on lean management, quality control, inventory
control, etc. Most of these projects had limited impacts
due to their strong dependence on experiences of
consulting firms gained from other industries and hardly
took into specific features of. Hospitals realized more
and more the need of original research taking into
specific features of healthcare industry. Various
scientific  communities quickly embraced major
healthcare challenges from different perspectives.
Emerging hot topics of the robotics & automation
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community include lab automation, lab-on-chip, surgical
navigation, nanoscale drug delivery, medical imaging
analysis, etc. Other communities such as OR and
Industrial Engineering have been very active in
healthcare management research. Major Operations
Research and Industrial Engineering journals publish
more and more papers in healthcare and OR/IE
conferences often have very popular sessions in
healthcare such as surgery planning/scheduling, nurse
especially, emergency department analysis, ambulance
location/dispatching and so on.

More than half of the children in 10 out of 15 states are
still anemic shows National Family Health Survey
(NFHS-4) for 2015-16 released by the Union Health
Ministry today said. It also showed that more than half of
women were anemic in eleven states. The Ministry of
Health and Family Welfare released the results from the
first phase of the National Family Health Survey (NFHS-
4), 2015-16. Findings for the 13 States of Andhra
Pradesh, Bihar, Goa, Haryana, Karnataka, Madhya
Pradesh, Meghalaya, Sikkim, Tamil Nadu, Telangana,
Tripura, Uttarakhand, West Bengal and two Union
Territories of Andaman and Nicobar Islands and
Puducherry show promising improvements in maternal
and child health and nutrition. The results from NFHS-4
in 15 States/Union Territories indicate that fewer
children are dying in infancy and early childhood. After
the last round of National Family Health Survey in 2005-
06, infant mortality has declined in all first phase
States/Union Territories for which trend data are
available. All 15 States/Union Territories have rates
below 51 deaths per 1,000 live births, although there is
considerable  variation among the States/Union
Territories. Infant mortality rates range from a low of 10
in Andaman and Nicobar Islands to a high of 51 deaths
per 1000 live births in Madhya Pradesh.
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Operations Research in Healthcare: Literature
Review

Healthcare OR is not a new field; many health care
researchers and planners use concepts and methodologies
which, in the business world, are often associated with
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the practice of operations research. These concepts and
methodologies most often deal with problems in the
areas of: Healthcare operations improvement; Inventory
and Supply chain management; Facility location and
layout; Prevention, detection and treatment of diseases;
Resource allocation; Clinical diagnosis and decision
making; and Treatment design and planning. In the
context of matter and the flow of patients and healthcare
logistics management operations offer a wide range of
applications for the analysis of operations research
techniques. We review below the applications area of OR
in healthcare.

An area that has received considerable attention among
OR scholars is workforce scheduling, and in particular,
nurse rostering. The problem of working hours of
construction for nurses to meet fluctuations in demand is
extremely difficult. Service plans must comply with the
requirements of the work of nurses distinguish
permanent and temporary staff are qualified to provide
holidays and day, night and nurses evenly over the
weekend and set preferences for class officers. Linear,
mixed integer and goal programming with constraint
programming methods have been developed to generate
nurse rosters.”! Reviews of literature on nurse rostering
are available in Burke et al.? and Lim et alF
Appointment scheduling has also been a rich research
area over the past decades (e.g. see Gupta and Dentonl).
The process of assigning time slots for serving out- and
inpatients arises in diagnostic and treatment units deals
with uncertain service times, no-shows, cancelations, and
walk-ins. A good appointment schedule keeps patient
waiting times short and minimizes staff overtime taking
into account the patient load and the available resources
(i.e. staff, rooms, and equipment)? In view of this
numerous authors developed models with the objective
of

i. How many patients to schedule?

ii. How to allocate appointment slots throughout working
day?

iii. What is the optimal sequencing of heterogeneous
patients.

Recently, Granja et al.’! developed an optimization
model based on simulation approach to the patient
admission  scheduling problem using a linear
programming algorithm. Richard et al.®! provided an
improved method for solving the so-called dynamic
patient admission scheduling (DPAS) problem. Atlie et
al.l’! presented an exact method for Patient Admission
Scheduling (PAS) problem based on a recursive logic-
based Benders’ decomposition where each sub problem
is formulated as an integer linear program. Turhan et
al.l®! addressed two Mixed Integer Programming based
heuristics namely Fix-and-Relax and Fix-and-Optimize
where PAS problem instances are decomposed into sub-
problems and then the sub-problems are optimized.

Kidney dialysis therapy initiation for evaluating cost and
effectiveness is investigated in Lee et al.”! They used
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Approximate Dynamic Programming and Simulation to
determine an optimal therapy and a strategy for
maximizing patient welfare. Chen™ proposed the
kidney allocation problem. He assumed that the decision
has to be made within a fixed time horizon because a
kidney is perishable and the kidneys are limited. He
addressed that the objective of kidney allocation problem
is to determine the allocation rule to maximize the total
expected value achieved. The arrival, demand pattern of
patients is random. When we replace kidneys with airline
tickets and patients with travelers, we get the airline
yield management problem. When we replace kidney
and patient by job and worker respectively, it has the
typical scheduling problem. Recently, Thamer et al.l'®!
developed a risk score to assist shared decision making
for kidney dialysis initiation. Then Bagshaw et al.l”
addressed strategies for the optimal timing to start renal
replacement therapy in critically ill patients with acute
kidney injury.

Operating theater planning and scheduling (OTPS) has
also received much attention in the past 60 years. The
strategic (long term) planning level addresses capacity
planning given a forecast of patient demand. Typically,
the operating theaters and the time allocated to each
activity of the department at the time. The tactical (mid-
term) planning level deals with the creation of
weekly/monthly (rough) schedules for elective surgeries.
Operational planning, the operational plan for the next
day, generating a sequence of operations in each
operating room early and distribution activities and some
resources. Finally, the online planning level deals with
rescheduling previously planned surgeries as a result of
unforeseen events such as delays, emergencies, and
cancelations. The rich and still growing literature on
OTPS covers a wide range of OR methodologies
(heuristic approaches, and simulation) for deterministic
and stochastic environments.!®! Reviews of literature up
to 2010 on Operating Theater planning and scheduling
are available in Cardoen et al.!*® Recently, Wang et al.!""!
investigated an operating theater allocation problem with
uncertain surgery duration and emergency demand. In
Wang et al.™! the operating room allocation problem
with cancellation risk is mathematically formulated as
follows:
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Strategic operating theater planning belongs to the group
of resource allocation and capacity planning problems.
This group involves decisions concerning the mix and
volume of patients treated by a hospital and the amount,
capability, and type of resources for the delivery of
healthcare. Hospital layout planning is also at the
strategic level, but has received much less attention. The
goal is to design a hospital, a clinic or a department in
order to minimize the movements of patients and
accompanying resources such as medical staff and
equipment.’”! Quadratic integer programming models
were proposed by Butler et al.”®! and Elshafei®® for
problems arising in this area.

Patient transportation is a variant of the dial-a-ride
problem (DARP) and concerns finding a set of
minimum-cost routes and schedules for a feet of
ambulances (or hospital staff) to transport (or escort)
inpatients between nursing wards and diagnostic units.
Hospital-specific constraints (e.g. different priorities of
requests, needs special equipment and support medical
staff during transport and handling of incomplete
knowledge in advance) significantly complicate the
development of high-quality vehicle routes and
schedules. The latter is often controlled by the imposition
of the travel time of the patient and minimizing
deviations from the desired times for pickup and
delivery.” By its nature DARP combined extremely
difficult to solve, which has contributed to the
development of new OR, in particular the new (meta-)
heuristic methods allowed.”! Beaudry et al.? and
Kergosien et al.”! proposed tabu search based
approaches, while Hanne et al.?*! embedded an
evolutionary algorithm in a software application
designed to support all phases of the transportation flow
including request booking, scheduling, dispatching,
monitoring, and reporting. Recently, Knyazkov et al.l®)
illustrated the evaluation of Dynamic Ambulance
Routing for the Transportation of Patients with Acute
Coronary Syndrome in Saint-petersburg. Zhang et al.’?®
addressed a real-life public patient transportation
problem derived from the Hong Kong Hospital Authority
(HKHA), which provides ambulance transportation
services for disabled and elderly patients from one
location to another.

Aiming at improving the efficiency and reliability of
ambulance service, several location models for
ambulance stations have been proposed in the OR
literature. Well-known approaches to this problem are
coverage model and median model. Coverage model
looks for the location to maximize the (deterministic or
probabilistic) covered demand of ambulance calls. Hence
this model can be thought of reliability oriented model.
On the other hand in median model the objective is to
minimize the total traveling distance of the ambulances
from the station to the scene of call. This model gives
more weight to the efficiency of ambulance operation.?"!
Morohosi?”  addressed the comparison of those
optimization models through actual patient call data from
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Tokyo metropolitan area to show the characteristics of
each model and investigate a possibility of improvement
in ambulance service.

Problem of patients overflow in wards is addressed by
Teow.” The demand of hospital’s inpatient beds by
medical specialties changes according to patients’
volume over time. With no adjustments to the allocation
of beds, the growing mismatch will result in unnecessary
patients’ overflow. This will lead to poor patient care,
travel health workers redundant and the waiting bed.
Hence, hospitals need to periodically review their bed
allocation by specialties. The bed reallocation exercise is
typically a zero-sum game: some specialties will end up
with more beds while others with fewer beds. Teow!®”
suggested the structure of the patients overflow problem.
He first established bed demand for each specialty using
patient-day. He stated that the objective of the problem is
to assign the beds (i.e. decision variables) such that the
specialties will end up with equitable bed occupancy
rates (i.e. outcome), subject to number of beds available
(i.e. constraint). Litvak et al.”® presented a mathematical
method for computing the number of regional beds for
any given acceptance rate. In Litvak et al.”®) for
blocking probability, they computed the famous Erlang
loss formula,

- :
(dp)=pc! E of k! where p= /"

k=0

is the load, with X the call arrival rate, and p-1 the mean
call length based Equivalent Random Method (ERM),
and they schematically depicted (Figure 4) the patient
flows for two ICUs.
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Figure 4: Overview of the ERM including all patient
streams.?®!
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Hospital capacity planning is full of challenging
problems for OR practitioners. Green and Savin*! used
OR-based analyses to address the increasingly critical
hospital capacity planning decisions. They used a
queuing model formulation and gave examples of how
OR models can be used for deriving significant insights
and operational strategies. Figure 6 shows the example of
Hospital capacity alternative. A cooperative solution
approach for hospital capacity to treat emergency
patients in the Netherlands is proposed in Litvak et al.’*!l
Adan et al.”? addressed the problem faced at a
cardiothoracic surgery center for optimizing resource
utilization. They modeled it as a Mixed Integer Program
having stochastic lengths of stay. Burdett & Kozan!¥!
proposed a multi-objective optimization (MOOQO)
approach to perform a system wide analysis of public
hospital resources and capacity. Recently, Burdett et
al.l*! derived a mixed integer linear programming
approach to perform hospital capacity assessments. They
developed the following optimization model.

250-bed 750-bed
hospital 500-bed hospital
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Average unit cost
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Output rate (patients per week)
Figure 6: Example of Hospital capacity alternative.

Minimize= z Z:é'myi.ym‘i subject to some realistic
m ie[l,1]
constraint (Figure 6).

Increase in longevity, escalating health-care costs and the
emergence of new diseases in recent years have forced
medical decision-makers to focus strongly on preventive
and specialized. According to Rais and Viana!®,
optimization problems related to the prevention of
diseases concern mostly vaccine selection. The vaccine
selection algorithm has been extensively studied as it
was first introduced in Jacobson et al.*®! Wu et al.*")
formulated the annual vaccine-strains selection problem
as a stochastic dynamic program. On the other hand,
Earnshaw et al.l*! addressed a resource allocation
problem for HIV prevention and developed a linear-
programming model for improving on past allocation
strategies.

Unlike many industries, healthcare managers have to
manage very complicated distribution networks and
inventory management problems without proper
guidance on efficient practices. This is because most
hospital administrators and pharmacy managers are
doctors with expert knowledge in medicine, and are not
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supply chain professionals. Hence, given the high costs,
coordination,  constraints, and  perishability  of
pharmaceuticals, more study is necessary to help health
care managers in setting optimal supply chain
management policies. Operations research provides a
wide range of methodologies that can help hospitals and
other health care systems to significantly improve their
operations. Kelle et al.** provided decision support tools
that improve operational, tactical, and strategic decision-
making supply chain management under an inventory
policy that involves periodic review. Amir et al.®”
developed a generalized network oligopoly model for
PSC competition that takes into account product
perishability, brand differentiation, and discard costs.
Priyan & Uthayakumar® designed the supply chain
management strategies for a pharmaceutical company
and a hospital. Priyan & Uthayakumar® framed an
optimal inventory management strategies for healthcare
supply chain in a fuzzy-stochastic environment.
Nematollahi et al.®® derived an economic and social
collaborative decision-making on visit interval and
service level in a two-echelon pharmaceutical supply
chain.

CONCLUSION

A Drief review of operations research (OR) applications
to healthcare system are addressed in this paper. The
purpose of this paper is to identify the existing literature
on the wide range of operations research (OR) studies
applied to healthcare, and to classify studies based on
application type and on the OR technique employed.
Based on this review, we recognized that commonly used
OR approaches fall into four categories: mathematical
programming (deterministic and stochastic), heuristics,
queuing theory, and simulation.
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