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ABSTRACT
The current state of healthcare in the world is dire, with millions of people unable to access healthcare services on time. One of
the key reasons behind this problem is the lack of operational efficiency in many clinics and hospitals, caused due to unscientific
scheduling practices. Hence, this paper seeks to conduct a systematic review of the existing research done in the field of
healthcare service scheduling, and its multiple sub-sections viz. appointment scheduling, nurse rostering, home healthcare
scheduling, etc. The bibliometric review found that majority of the research in the aforementioned field is scattered and lacks
integration. Moreover, past research has primarily employed matheuristics, mixed integer linear programming and simulation
approaches to solve service scheduling problems, without exploring other methods to a great extent. In the end, we suggest some
topics in which future research can be conducted.
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1. INTRODUCTION
The practice of service scheduling is what makes work orders more efficient and ensures that the proper job is allocated to the right
dispatcher at the right time. Service scheduling is prevalent in sectors like manufacturing, healthcare, home care, inventory
management, aviation, etc. Problems with healthcare optimization have recently attracted a lot of attention in an effort to deliver
better treatments for less money (Abdalkareem et al., 2021). Hospitals are essential components of healthcare systems, and
worldwide, access to their services is extremely competitive. Many hospitals have grown in size as demand has grown (Burdett &
Kozan, 2018). However, expansion beyond a certain limit is not feasible financially. Hence, hospitals and healthcare clinics need to
focus on efficiently optimizing their appointment scheduling process in order to successfully deliver their services to the patients.
The practice of service scheduling is significant in various categories under the healthcare sector which include home healthcare
scheduling, operation room scheduling, surgery scheduling, physician scheduling, nurse rostering, chemotherapy and radiation
therapy scheduling. A scheduling system could reduce patient wait times, make medical services more accessible, and improve the
efficiency of healthcare operations (Abdalkareem et al., 2021). Allocation scheduling or advance scheduling are the two main
categories used to categorise patient scheduling literature. Once every patient for a given service day has been identified, allocation
scheduling refers to methods for allocating specific resources and starting times to patients. While future demand is still unknown,
advance scheduling refers to methods for booking patient appointments before the service date (Sauré et al., 2012).
“Population aging and a decrease in informal care are likely to lead to a substantial increase in demand for home health care (HHC)
service”(Fikar & Hirsch, 2017). These services, which include nursing, wound care, housekeeping, injection, cleaning, and
physiotherapy, are more affordable and effective than those typically provided in nursing homes or hospitals (Fathollahi-Fard et al.,
2020). The market for home healthcare was valued at USD 320.6 billion in 2021, and from 2022 to 2030, it is projected to grow at
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a CAGR of 7.9%. Nurses are scheduled and routed for various services at clients' homes in home health care (HHC) operations
(Fikar & Hirsch, 2017). Future work is necessary to reduce costs and ensure service quality because the demand for HHC is
anticipated to expand significantly (Fikar & Hirsch, 2017). According to a report by The Commonwealth Fund, the "hospital at
home" programme, for instance, enables patients to get acute care at home with fewer complications and a 30% decrease in the cost
of care.
Surgical scheduling problem can be defined as the choice of procedures to be carried out, the allotment of resource time to those
procedures, and the order in which those procedures are carried out during the allotted time (May et al., 2011). Chemotherapy, a
crucial component of cancer treatment is the administration of pharmacological medicines, typically through intravenous (IV)
infusion (Santibáñez et al., 2012). The complexity of chemotherapy appointment scheduling has a direct impact on patient
satisfaction and operational efficiency. The scheduling of numerous daily visits for various indications, including appointments for
radiology, oncology, and laboratories, must take patient time preferences into consideration (Santibáñez et al., 2012). Operation
room scheduling is a type of scheduling where operation rooms are assigned to patients depending upon their priority and emergency
status. This is closely related to surgical scheduling. Late cancellations and no-shows from patients can adversely affect the service
scheduling models. Hence, it is necessary for making provisions for the same. If not handled properly, these cancellations can result
in serious inefficiencies and add new levels of unpredictability (Liu et al., 2010). In the United States, the projected total amount
paid to hospitals was expected to be between $195.4 and $212.2 billion, and the estimated yearly cost of elective inpatient and
outpatient surgical operations was $147.2 billion. The healthcare system in US generated a net income of $48.0 to $64.8 billion
annually. Lastly as a consequence to the pandemic, the telemedicine services model is being encouraged by governments across the
globe. This will help in bringing down the total footfall at healthcare centers thereby reducing the spread of the virus. It will also
contribute in reducing the load of patients. A combinatorial optimization issue known as nurse rostering entails assigning shifts to
nurses while taking into account coverage restrictions, skill categories, labor laws, contractual agreements, personal preferences,
etc. Usually, 24-hour service is required with a highly fluctuating workload that varies from day to day. In actuality, the issue is
worsened by a number of factors such overlapping shifts and hierarchical competent nurses.
This paper summarizes the efforts of previous authors who have contributed to the field of schedule optimization in the healthcare
industry. The remaining sections of the essay are structured as follows. The following section, the papers related to the healthcare
service scheduling in the optimization context, are reviewed. In Section 3, we mention the methodology and models used by us. The
next section (section 4) deals with the analysis of data and the key findings as well as models used by various researchers. Finally,
we draw a conclusion and talk about how this study might be expanded and potential future course of research in Section 5.

2. LITERATURE REVIEW
The field of service scheduling is a widely researched topic with noteworthy contributions by prolific researchers. A plethora of
material was available on the field of service scheduling which focused on several industries. We have restricted our review to the
research work which focuses on healthcare sector.
Our review dates to the original work of “J.D. Welch (Appointment Systems in Hospital Outpatient Departments Author ( s ): J . D
. Welch Reviewed Work ( s ): Published by : Operational Research Society, 2013)” who conducted a study on the role of punctuality
of both patients and medical staff on the efficiency of appointment scheduling, as well as suggested ways to optimize the waiting
time for patients to ensure higher productivity in the healthcare sector. A high waiting time can have a pernicious impact on the
patient’s opinion towards the hospital. In some emergency cases, even the health of the patient can be jeopardized by a long queue
at the hospital. A study done by (Nottingham et al., 2018) uses data from a three-year period to examine the impact of waiting time
on patient satisfaction in the setting of rural healthcare clinics. Patient admissions and therapies must be carefully planned in
advance. This is difficult since patient treatment and recovery timeframes vary and are unpredictable. A complex flexible job shop
scheduling (FJSS) model was developed in response and released by (Burdett & Kozan, 2018), which treats patients, beds, hospital
wards, and healthcare activities as jobs, singular machines, parallel machines, and operations, respectively.
2.1 Home Health Care Scheduling
The article by (Sauré et al., 2012) showcases that “in home health care (HHC) operations, nurses are scheduled and routed to perform
various services at clients' homes.” A Markov decision process model (approximate optimal policy) for a smaller cancer centre or a
subsection of large cancer centres. The study by (Xiao et al., 2018) suggested a mixed integer linear programming (MILP) model
to address a complex scheduling and routing problem in home healthcare (HHC) from an operational standpoint. The entire process
entails sending caregivers to patients' homes to fulfil visits that are requested by them, with the objective function of reducing overall
operating costs. (Luo et al., 2020) also deals with the issue of green scheduling and routing in home health care (HHC) under the
restrictions of timed visits and carbon emissions. (Restrepo et al., 2020) suggested a two-stage stochastic programming technique
is also presented for staffing and scheduling employees in home healthcare. Some crucial aspects of home health care workforce
planning are the geographic dispersion of patients and the irrationality of demand. The General Variable Neighborhood Search (GVNS) was used by (Frifita et al., 2017) to resolve scheduling and routing issues using time frames and coordinated visits.
(Li et al., 2021) present a routing and scheduling issue in home health care for outpatient services while taking into account the
limitations of time windows, skill requirements, and employment laws. (An et al., 2012) mentions about the HSSP, which is the
difficulty of identifying a nurse's route in a home healthcare system (HHS). The home healthcare scheduling and routing issue is
addressed via an original hybrid three-phase methodology offered by (Shiri et al., 2021). In the first part of the following paper's
combinatorial approach, a group of potential sites for healthcare facilities are assessed utilizing a fuzzy analytic hierarchy method
and grey rational analysis. A multi-objective resilient model that considers two features—various periods and uncertainty in the
second phase—is provided as the second stage. The Nimbus approach is then applied in the third phase to transform the three
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proposed objective functions into a scalar-valued optimization problem. (Oladzad-abbasabady & Tavakkoli-moghaddam, 2022)
over a planning horizon of several days, propose a two-stage mathematical framework (MIP model) for the Home Health Care
Routing- Scheduling Problem (HHCRSP). Total Planning Distance (TPD) is reduced in the first stage, and total compatibility is
increased in the second stage along with handling unforeseen situations. Lastly (Yadav & Tanksale, 2022) employed two separate
mixed-integer programming decomposition-based heuristic techniques to arrange home healthcare delivery that minimised personto-person contact.
2.2 Surgery Scheduling
Operating rooms can be utilized to the most optimal extent using heuristics which are developed by simulation. One such
contribution was made by (Arnaout, 2010), who demonstrated how Longest Expected Processing with Setup Time (LEPST), the
proposed approach, outperformed the other algorithms.(Tànfani & Testi, 2010) also contributed to this by assigning wards and
surgical rooms across a specific planned horizon using a 0-1 linear programming approach. The challenge is to distribute and
sequence the necessary resources while taking disruptions into account for a certain set of elective procedures to be done by
particular doctors. Another research by (Oh et al., 2013) presents a stochastic integer programming model that plans and orders
patient visits during a workday session using empirical data.
(Marques & Captivo, 2015) aim at improving the efficiency of OR by lowering the surgical waiting lists and streamlining the
scheduling of surgeries at a public hospital in Lisbon using a bicriteria optimization methodology. Another research by (Johnston
et al., 2019) explains the qualitative aspects involved in scheduling of surgeries. Surgeons prioritize surgeries based on certain time
and idiosyncratic personal preferences. This study shows the way to achieve a balance between flexibility and efficiency.Recently
(Aissaoui et al., 2020) suggested a mixed integer linear programme that uses an aggregated surrogate protection mechanism to
properly distribute slacks between healthcare tasks. A Monte Carlo simulation is run to assess the effectiveness of the suggested
model.
2.3 Uncertainty Scheduling
The majority of current studies on healthcare accessibility neglect the ubiquitous occurrence of travel time uncertainty in road
networks. A reliability-based two-step floating catchment area (2SFCA) method is recommended for evaluating healthcare
accessibility when travel times are unknown. By explicitly taking into account individuals' reliability restrictions while scheduling
visits to healthcare facilities in the face of travel time uncertainty, the suggested measure generalises the traditional 2SFCA measure
(Chen et al., 2020). A location's ability to provide healthcare services is influenced by three factors: the performance of the
transportation network, the capacity of the healthcare system, and potential demand for healthcare services. In the literature, a variety
of methods have been put out to assess healthcare accessibility by varied degrees of capturing these three components (Chen et al.,
2020). Even patient unpunctuality has been negatively impacting appointment scheduling due to the extra costs incurred as a result
of patients waiting or provider overtime. This can be done by serving the waiting person with the lowest "LAR" index, or the larger
of their appointment time and their actual arrival time (Pan et al., 2021).
2.4 Appointment Scheduling
(Turkcan et al., 2011) looked into service criteria for sequential appointment scheduling. With the aim of avoiding injustice and
maximising revenue, a sequential scheduling method and stochastic programming model are proposed. Another research by
(Santibáñez et al., 2012) makes use of mixed integer programming methods and discrete event simulation. In order to shorten the
waiting list, the simulation indicated above addressed the issue of scheduling each patient's initial chemotherapy visit on a certain
day (Bouras et al., 2021). In order to reduce the maximum nursing burden, daily scheduling is done using the mixed integerprogramming model (Bouras et al., 2021). To set up appointments for donors of platelets and plasma in a blood collection system,
(Alfonso et al., 2012) propose a MINLP (Mixed Integer Nonlinear Programming) model. To reduce the cumulative waiting period
for all donors in a day, it is important to identify the best appointment schedules for scheduled donors. In spite of longer wait times,
(Oh et al., 2013) suggest appointment overbooking as a way to lessen the negative effects of no-shows. based on the outcomes of
several simulated experiments (Oh et al., 2013) find that overbooking is more useful when clinics see more patients, have higher
no-show rates, and less variety in their services. (Zhan & Wan, 2018) in order to efficiently deliver the services, concentrate on
allocating and routing the service teams while scheduling appointments for the clients. They take into account a team assignment
problem that involves concurrent routing and appointment scheduling. To effectively handle the issue, they create a mixed integer
programme based on scenarios and create an algorithm using the Tabu Search (TS) method.
However, In light of the capacity restriction, a bi-criteria programming model has been developed by (Wu et al., 2019) to reduce
the likelihood of blockage and the price of bed allocation. A simulation-based method for choosing a patient appointment scheduling
policy that works with any distribution of patient service times has been proposed by (Shnits et al., 2020). The objective of this
study was to lower the weighted sum of costs related to patient waiting, server downtime, and overtime.(Kuiper et al., 2021)
demonstrates how the situation for appointment scheduling has altered significantly from what the operations-research literature has
primarily anticipated. A schedule optimization algorithm that maximises the amount of time nurses spend with patients was
developed by (Zimmerman et al., 2021) to match schedules with customer demand. With the use of this new objective function,
carryover demand may be immediately incorporated into a straightforward mixed integer linear programming scheme.
(Namakshenas et al., 2022) examined the outpatient appointment scheduling in a medical imaging facility. The scheduling of
outpatients on the scanners and the assignment of the radiopharmaceuticals are coordinated using a mixed-integer programming
approach. Prior studies have assumed either an infinite bed capacity or a lack of service contact between units. Lastly, the paper by
(Zhang et al., 2022) analyses the issues associated with choosing vaccination sites, accepting appointments, assigning appointments,
and scheduling issues for mass immunisation in response to COVID-19. To simultaneously reduce the fixed cost of managing
vaccination locations and the travel time for vaccine users, they express the issue as a mixed-integer linear programme (MILP).
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2.5 Nurse & Physician Scheduling
The article by (Erhard et al., 2018) focuses about the financial and non-financial aspects of scheduling doctors. Improved physician
scheduling results in greater effectiveness, less annoyance, and greater patient happiness. The idea of distributionally robust
optimization (DRO) is frequently utilised to create robust, dependable, and yet less expensive solutions for any potential probability
functions in order to trade off between solution robustness and conservatism. Therefore (Ala et al., 2022) suggested that fairness,
doctors, and resource use should all be maximised in employment. To control their workload, they provide each doctor a reasonable
amount of patients. After conducting research on single nurse scheduling, a priority parameter that depends on the last visit time
and the medical circumstances of each patient was developed by (Cinar et al., 2021). The purpose of a multi-period orienteering
issue with time windows is to maximise prizes by visiting patients in a finite amount of time. This priority parameter is used to
allocate "prizes" to the challenge. In order to tackle the given problem, the paper suggests using a mixed integer programming (MIP)
model, the Successive Single Period Heuristic (SSPH) mat heuristic, and the Adaptive Large Neighborhood Search (ALNS)
algorithm. A mat heuristic technique outperforms Adaptive Large Neighborhood Search (ALNS) algorithms, according to
experiments using actual data.
2.6 Other Forms of Scheduling
Telemedicine services have aided the government and the community during these incredibly difficult COVID-19 pandemic times.
In this paper by (Chauhan et al., 2020), seven contextual criteria are used to identify and classify important success variables that
are pertinent to telemedicine services. Additionally, it employs the DEMATEL approach (decision-making trial and evaluation
laboratory) to investigate the causal relationships between them. It then calculates the relative relevance of these criteria using the
Bayesian best-worst method (BWM). (Lu et al., 2021) states that non-profit service providers frequently participate in for-profit
activities to raise money and offset the costs of their non-profit operations. For non-profit operations using the proposed model, they
take into consideration the traditional service selection in practise.

3. RESEARCH METHODOLOGY
Overview of Research Methodology employed by us:

Step 1
Using keywords like "healthcare scheduling",
"nurse rostering", "appointment optimization" etc.
in websites like EBSCO Host, Science Direct,
JSTOR.org

Step 2
Downloading and reading the relevant articles to
find out the methodology used, contributions, and
suggestions and noting down the same.

Step 3
Collating the relevant data into our review paper and
analysing it through softwares like VOSviewer and
BibTex.

Step 4
Preparing a summary of our findings and suggesting
future research ideas in the realm of healthcare
service scheduling
The motivation behind conducting this review was to analyse the research done in the field of healthcare scheduling and thereby
create awareness on this complex topic. By combining relevant keywords such as "nurse scheduling", "nurse rostering", "patient
admission scheduling", "patient to bed assignment", "operating room scheduling", "operating theatre scheduling", "surgery
scheduling or surgical scheduling", "physician scheduling", and others, we have reviewed a number of articles which are written in
English and published in a number of renowned journals and searched databases with information from various fields such as
EBSCO Host, Science Direct, Sci-Hub and Google scholar for relevant papers. We conducted a forward and backward search for
each paper to uncover related manuscripts. The search process produced a set of 1562 articles, of which publications that discussed
the scheduling strategy used in healthcare were also included. We used Mendeley Desktop software to compile all the research
articles and cite relevant literature from the same. This review covers the general topic of healthcare scheduling. Additionally, we
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incorporated all studies that discussed how operation research methods like “metaheuristics”, “mixed integer programming”,
“discrete event simulation”, “linear programming” etc. affected scheduling healthcare decisions in an optimization environment.
This study's framework was developed using definitions, formulations, data sets, and approaches from recent research publications
that propose optimization-based solutions for the most common scheduling problems in healthcare. The paper's main discussion of
patient admission scheduling took into account a recent issue that was discovered in the literature. We also looked at the scheduling
issues for operating rooms and surgeries, as well as the issues with assigning nurses to shifts. When applied to the issue of healthcare
scheduling, the importance and growth of employing these optimization methods produced highly successful results. The results
produced by current studies can still be enhanced, though. As a result, study trends can be used to determine whether other
optimization techniques can be used to solve scheduling issues in the healthcare industry. In order to address any healthcare
scheduling issues, such as “patient admission”, “nurse scheduling/rostering”, “operating room scheduling/surgery scheduling”, etc.,
this review has been examined based on optimization technique, specifically based on heuristic, mixed integer programming and
simulation approach. Some of the graphs showcased here are a result of VOS Viewer which helped us to find link between authors
and keywords. Excel has also been employed to produce a graph too. The following flow of steps has been utilised to conduct this
review:

4. RESULTS AND ANALYSIS
This section presents a bibliometric analysis of several service scheduling strategies utilised in the healthcare sector. We have
included graphs that show prevalent publications/journals as well as number of published papers related to our topic.

Figure 1: Keyword co-occurrence in the chosen contributing papers (Source: VOSviewer)
Figure 1 indicates the keywords and topics on which widespread research has been carried out by multiple authors. It is evident
from the chart that subjects like “appointment scheduling”, “OR in health services”, “Home health care”, “stochastic programming”,
etc, are widely studied and researched upon. The chart depicts the connections between several research subjects have also been
depicted in the above chart. For example, authors who have researched upon the topic of “surgery scheduling” have also included
“appointment scheduling” and “heuristics” in their research work. The chart also depicts which two fields are related and thus there
is a possibility that the same model can be applied in the same are in order to achieve efficiency

Figure 2: Author co-occurrence in the chosen contributing papers (Source: VOSviewer)
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Figure 2 shows that there has not been synchronised extensive research in the field of service scheduling in healthcare. This is showcased by the fact that most of the authors have not collaborated in order to test the validity of their research to find the most optimal
solution.
Figure 3 also shows the most ubiquitously used methods in service scheduling, as per the research papers reviewed by us. Figure 3
also shows the methods which are used simultaneously in the process of scheduling healthcare services. For example: “mixed integer
linear programming” is used concurrently with “matheuristic” and “robust optimization” approaches. This figure also depicts that
there is no specific method which can be used to solve scheduling problems.

Figure 3: Prevalent methods used simultaneously in service scheduling (Source: VOSviewer)

Figure 4: Types of scheduling in healthcare (Source: VOSviewer)
Figure 4 shows the types of scheduling where extensive research has been conducted. Hence, it is conspicuous from the chart that
“appointment scheduling”, “surgery scheduling” and “Covid-19” are some of the most researched topics whereas “medical imaging”
and “physician scheduling” are relatively less researched.
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Figure 5: Number of articles published in prominent Journals (N ≥ 2)
The number of publications that have appeared in a variety of prestigious journals and that we have read is shown in Figure 5.
Researchers can consult journals like "Operations Research for Healthcare" and "European Journal of Operational Research," among
others, to undertake research in the area of service scheduling in the healthcare industry. Figure 6 showcases the number of articles
year-wise from 1966 to 2022. The chart shows that most of the articles reviewed by us were published in the last decade (20122022)
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Figure 7: Distribution of contributing articles under different operations research methods.
Figure 7 shows pervasive methods which are used to optimise the process of service scheduling in the various sub-sectors of
healthcare. It is evident that “Mixed integer linear programming” is the most ubiquitously used method followed by “mixed integer
programming”.

5. CONCLUSION AND FUTURE WORK
This paper brought up a bibliometric review of the prevailing research done in the area of service scheduling in the healthcare sector.
The review primarily took into consideration, the articles published in the period of 2012-2022. Despite the fact that many research
papers have been published in the aforementioned field of research, not many review papers are present. A systematic literature
review analysis paper in the field of healthcare service scheduling was lacking. Through this paper, we attempt to analyse the various
approaches that are used to resolve scheduling issues, thereby adding to the scholarly conversation on the subject. Our review has
brought to light the following key aspects of past research:
i. Most of the research revolves around the optimization methods of matheuristics, mixed integer linear programming and
simulation approaches. Other statistical methods have not been widely researched upon.
ii. The authors have conducted research in isolation and there is an absence of synchronisation in the research by multiple authors.
iii. Till today there has not been a single perfect method to optimize service scheduling in healthcare. Given the fact that several
lives depend upon efficiency in healthcare scheduling, this is a grave issue.
iv. The different methods that we discussed in the paper were found to have been individually applied to the arena of service
scheduling, without much integration among the same.
v. Certain methods viz. Markov Decision Process, Monte Carlo Simulation, etc., are still not widely researched upon.
In conclusion, we would like to acknowledge certain bounds of our study and suggest future course of research. The study was
based on the articles present in the following databases: Google Scholar, Sci-Hub, Science Direct and EBSCO Host. Hence, future
research in this field can be enhanced by referring to those papers, articles and publications which are not linked to the abovementioned databases. Moreover, the study was restricted to articles written in English. However, there is a high probability of there
being articles written in other languages which have valuable contributions to this research subject.
As mentioned in the findings above, some methods of optimization have been greatly emphasized upon in the past research, while
others have scanty work associated with them. Therefore, future research can be conducted on the use of Decision Support System,
Markov Decision Model, Monte Carlo Simulation and any such optimization method in healthcare service scheduling. Future
researchers can also work on an integrated model which combines few of the optimization techniques discussed in this paper in
order to achieve the most optimum result. In future, as demand for healthcare grows further, it will be important to ensure the
availability of basic healthcare to every individual which can be achieved by optimizing the service scheduling process.
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