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Abstract:

Accessibility to public hospitals in Brazil is a serious problem and there is much to be done to improve the
quality of care. The private care system is expensive and only a small percentage of the population can afford
health care. The consequence is that most emergency hospitals are constantly overcrowded. Patients must wait
to start treatment and delays can lead to an increased risk of sequelae or even represent the difference between
life and death. Reducing waiting times for treatment is considered an important measure to control costs and
improve service efficiency. The objective of this article is to present a method that aims to improve the access
and quality of the emergency hospitalization system of a municipal public hospital in the State of Rio de
Janeiro, Brazil. The method is based on the authors' experience in health services operational research and
combines the theory of constraints and discrete event simulation. It is hoped that this article will contribute to
administrative knowledge and the results can be implemented in other national public hospitals.
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I. Introduction

The accessibility to public health services in Brazil is a critical issue and much remains to be done to
improve the quality of the services. The insufficient structure of the public emergency services has contributed
to its overload, resulting in one of the most problematic areas of the healthcare system. Most of the public
hospitals are not able to cope with the increase of demand. Improvement of the quality of emergency services is
considered as an important measure to control the social costs and increase the effectiveness of the medical
care. The emergency hospital is a strategic unit where patients must be promptly treated. Delays can lead to
sequels or even represent the difference between life and death. The hospital is a complex structure that
involves several strongly connected components. The economic component imposes budget restrictions and
control over the human and material resources. The private system is usually connected with health insurance,
but most people cannot afford to pay for such treatment. The demographic growth and the lack of affordable
healthcare cause an impact on the demand for public healthcare services. It is very difficult to find an
appropriate balance between the supply and demand to schedule services and the necessary resources. The
emergency service process requires a method that effectively identifies the patients” needs and offers the means
to ease the access to the necessary resources. The hospital competition on quality is possible only if demand for
healthcare is not inelastic with respect to quality. As such, flexible patient choice of provider has been
introduced in any healthcare systems across the world as a way to make health-care demand more responsive to
quality [9]. Several studies have evaluated the association between quality and choice for elective care, finding
that patient choice is to some extent responsive to quality [29], [9], and [23].

There are a remarkable number of publications in the field of emergency management over the last two
decades [6], [18]. Few studies take into consideration the value of the short-term prediction of the emergency
demand and it is vital to improve the admission systems Emergency arrivals are normally regarded as an
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unknown process [19] An extensive study of the emergency services in a major public hospital evaluates the
flow of emergency patients in two phases [8]: The pre-hospital phase which starts immediately after the
emergency call, following the occurrence of an incident and finishes when the patient arrives at the hospital.
The hospital phase comprises of the reception, the triage and medical emergency attention. It is argued that lack
of information causes problems in accessing the hospital services in both phases. There has never been a more
challenging time to discuss issues of services improvement using information, knowledge and technology.
Accessibility and quality of health services was the subject of the 28th ORAHS conference. An earlier paper
presented at this conference contributed for the reduction of the patient’s waiting time to start cancer treatment
[11] and to develop an integrated information support system to help decision-making at the National Cancer
Institute [10].

The Theory of Constraints (TOC) has been designed to identify bottlenecks within commercial
industry [12]. There are a few implementations of this theory in the healthcare services [16]. The author’s
interest in discrete event simulation (DES) modelling started as early as 1980. It was consolidated through an
interchange pro-gram with the computer assisted simulation modelling working group [28]. The relatively low
cost of DES, the little risk of experiments with a model of the real system and the ability to keep up statistical
fluctuations are some of the features that advocate the use of this technique. There have been former attempts to
combine the principles of TOC and DES. This in turn generated a methodology called TOCANDES [10].

The plurality of application of discrete event simulation contributes to the quality of life and in
logistical situations, such as, for example, the method to estimate the energy demand of variable hybrid or
electric motorcycle fleets at a battery swap-ping station. Conditions of the motorcycles and station interaction
are established to select the suggested configuration in terms of the number of batteries and charging slots to
meet the users’ charging immediacy needs, as well as the operator’s expectations regarding the battery life and
the number of services provided. The city of Medellin, Colombia, is chosen as a case study to establish the
design basis for introducing this technology The literature has addressed issues for these stations in terms of
location, size, operating costs, benefits analysis, pricing, and renewable energy integration [5].

This paper aims to develop the access and quality of a public emergency service within the State of Rio
de Janeiro. The objective is reducing the waiting times to start the emergency treatment and the increase the
number of emergency cases effectively treated. The steps of the method are: Evaluate the flow of emergency
patients and the operational routines, find interdependent processes and bottlenecks; a discrete-event simulation
model is finally designed to assess alternative scenarios giving support to changes within the hospital admission
system.

II. Development
Hospital

The Henrique Sergio Gregory Hospital (HSGH) is a 250-bed public emergency health unit. The
services provided are: emergency, laboratory, outpatient care, general medicine and surgery. Due to its
geographic location, its structure and the provision of emergency services, the hospital has become a reference
in this type of service for the city of Resende and the neighborhood. The emergency unit of the hospital is open
24 hours with an average daily demand of 192 patients. It is noticeable that the closure of some emergency
facilities in the neighborhood has caused an increase of the demand (83.683 patients).

Accreditation is an external review process designed to evaluate employee performance based on
established standards. Specially trained external teams also conduct announced surveys to assess compliance
with these standards.2 Currently, international accreditation organizations require an assessment of patient
safety culture to identify the inherent strengths and weaknesses, alongside evaluate staff teamwork. They also
observe management and leadership capabilities, the frequency of incident reporting, and existing patient safety
culture issue [3], [14], and [1].

The available resources are consolidated in Table 1. The emergency sector deals with the more
complex cases and the other cases are absorbed by the outpatient clinics. Besides a nurse on 24-hour duty, there
are two shifts between 8 am to 5 pm covered. The nurses check the evolution of the clinical cases and also help
other cases if necessary. They are usually assisted by nursing technicians.

Table 1 - Resources of emergency area.
Resource Quantity
Receptionist 2
Nurse
Nursing Technician
Outpatient Care Physician
Emergency Care Physician
Outpatient Care Clinics
Medication and nursing room
Emergency room
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The emergency sector is constantly overcrowded. There are long waiting lines that cause discomfort to
patients and put pressure on the medical team. Further to the increase of demand, the hospital management has
observed changes in the population profile. It is noticed that the majority of the patients attending the
emergency unit are not real emergencies. The distribution is: 90% are outpatients and 10% of emergency cases.
The hospital data includes the access, the type of care, the resources required and the history of the treatment
inside the hospital. The data analysis covers all patients. From this information it is possible to trace the flow of
patients, which is made up from the triage to the treatment phases. All the work is carried out in loco with the
supervision of the head of the medical emergency. The research results are soon after validated by other
members of the clinical staff, involving both doctors and nurses. The goal of the emergency staff is to be able to
speed up the evaluation, stabilize the health state and carry out the hospital admission, upon a medical decision.
Technically, the emergency sector within a hospital can be described as a bottleneck (Rotstein, 2002). It is
argued that understanding the flow of the treatment, evaluating the constraints and managing the bottlenecks
could provide possibilities to improve the quality of the service.

The Constraints evaluation

A constraint is anything that limits the system’s performance. The TOC concepts have been originally
designed to investigate productivity improvements in the manufacturing area [13]. The fist premise is the
existence of a managerial constraint. The argument is that the administrative scheme is a process or a series of
processes, in which inputs are turned into desired outputs, like a chain. The capacity of the system is limited by
its constraints. A comprehensive review of the visibly benefits resulting from implementation of the TOC
philosophy and practice can be seen elsewhere (Watson et al, 2006). A survey of viewpoints and applications is
carried out to identify journal articles and conference proceedings between 1980 and 1995 (Rahman, 1998). It is
noticed that most of the applications are concentrated on accounting, production, purchase, quality,
administration and education. The author suggests further investigation in the services sector. The applications
are usually focused on operational performance together with reduction of order-to-delivery lead time and
manufacturing cycle time or increase in throughput/revenue and performance to uphold gains for several
organizations [21]. An interesting study demonstrates the benefits of TOC and its impact on the NHS waiting
lists and patient throughput [20]. The theory holds that the only way to create ongoing improvements is to
release the weakest links of the chain. These can be summarized in the five steps bellow
[12], [17], and [4]:
1. Identify the system’s constraint(s);
2.Decide how to exploit the system’s constraint(s);
3. Subordinate/synchronize everything else to the above decisions;
4.Elevate the system’s constraint(s);
5.1f in the above steps the constraint has shifted, go back to step 1.

This theory views the organization as a chain of interdependent processes. The performance of each
process is dependent upon the previous one. The capacity of the system is determined by the capacity of the
parts or -more precisely, by the capacity of the bottleneck. The expansion of the process is limited by the
bottlenecks. Improvements can be obtained by simply managing and synchronizing the activities that need to be
accomplished before the bottleneck — the scarcest resource — to make sure that there is no ‘starvation’ of the
bottleneck [17]. Fig 1 shows an example the identification of a constraint in sequence of processes related to the
hospital admission system.

CONSTRAINT
",

REGISTRATION TRIAGE CONSULTATION TREATMENT

60 patients/hour 30 patientshour 26 patients/hour 40 patients hour

Fig 1 — Constraint identification.
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The example shows a sequence of processes that takes place in the emergency patient’s flow. These
processes are interdependent; hence the performance of one depends on the result of the previous. It can be seen
that the consultation process is a constraint because of its lower capacity. Therefore, if the service capacity is
limited, it is necessary to synchronize and elevate the constraints to be able to improve the flow. Fig 2 shows

details of the de patient flow.

Y
Outside )
Emergency — Emergency Area
Case
4
' |
i N | v
|
|
| X-Ray. Laboratory

Registration |
[ |

[ v

world

Surgery Center
CTI
f

Constraint

A

Outside
world

Consultation

Fig 2 — Patient Flow — HSGH.

The patient comes from outside and arrives at the reception, and then goes through the triage where a
nurse assesses the health risk. A decision should be taken at this stage: If that is the case of a real emergency,
the patient is promptly directed to the appropriate sector. Otherwise, a patient record is opened at the reception.
After reception, the patient waits to see a doctor in the consulting room. It is necessary to manage the
constraints to improve the performance. The basic flow of patients is composed by the triage, consultation,
diagnosis and treatment. These processes are interdependent; hence the performance of a particular process
depends on previous one. It is argued that patients run through a chain of processes.

Fig 3 shows that consultation is a constraint. The analysis of the flow reveals an unbalance between
demand and supply. This causes the formation of queues that contribute to increase waiting time to start
treatment. It is noticeable that managers have evolved their capabilities in medical procedures, by using new
concepts and tools. Now, they are able to evaluate to a greater level of important details of the patients” flow
within the hospital, associated to the clinical and administrative information. Some pieces of information on the

follow-up of the emergencies are essential to ensure that the patient receives an efficient and clinically correct
referral by the physician in charge of the treatment. This system also guarantees that the research protocols for
complex cases are addressed. Finally, the use of the electronic records and flow evaluation helps to verify

whether the appointments and exam schedules follow the appropriate sequencing.
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Fig 3 - Constraint identification at HSGH.
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The risk classification is sometimes carried out by the receptionist when the nurse is not available. The
lack of a proper evaluation causes problems as the decision is sporadically made by an unqualified person. This
setback was overlooked by the hospital administration and only doctors were able to identify the problem.
There are other restrictions caused by the number of consulting rooms, the right configuration of the medical
staff and the excessive number of patients that are not real emergencies. There are unwanted situations where
patients only require laboratory exams. Because of the overload, emergency doctors are constantly called to the
outpatient sector. This situation causes unnecessary overcrowding that interferes with the performance of the
system.

The production systems have changed over recent decades, due to a combination of several social and
economic factors. In order to respond to these challenges, Lean Production, Six Sigma and the TOC represent
some of the leading operations philosophies and managerial disciplines enabling substantial transformations in
the production economy, in light of which firms have struggled to adapt and implement management
philosophies to maintain their profitability in an increasingly competitive environment.

Additionally, several recent empirical studies analyzing manufacturing challenges and the antecedents
of the firm’s performance reinforce the absence of academic contributions in the field of OSCM and in
operations strategy, proposing effective solutions to prevent failures in the alignment of the firm’s practices
with its strategic goals [25], [15], [24], [26], and [2]. Indeed, successful cases demonstrating the empirical
application of elements of the TOC have been reported (Wu et al., 2020) as a promising approach to attaining
the expected levels of operational performance.

I11. Methodological Procedures

The method requires the evaluation of the flow of emergency patients, the study of the operational
routines, the identification of interdependent processes, the detection of bottlenecks and the elaboration of a
simulation model that represents the main features of the emergency admission system. The practical
application requires:
1. Set the objectives of the study;
2. Formulate the Problem;
3. Build the model,
4. Estimate parameters;
5.Run experiments with the model;
6. Validate the model,
7. Implement the results.

The simulation experiment aims at evaluate scenarios identifying bottlenecks and to weigh up effects
of changes on the present configuration of resources and patient flow on systems performance. The model
covers both the outpatient and the emergency sectors.

IV. Results And Discussions

Objectives of the study

The setting of the objectives was fully discussed with the hospital management. This interaction was
important to define the course of actions. It is established that the main line is to evaluate the attendance
capacity and the provision of the resources. The capacity planning is essential to assign and utilize human and
material resources. The hospital management requires a trustworthy instrument to understand, evaluate
scenarios and implement suitable changes. The flow of patients and the reception process should be studied in
order to define, among other things, the configuration and number of staff required to improve the system
Therefore, it is necessary to examine both the supply and the demand. The objective of the model is to improve
the quality of the services. The quality measures defined by the hospital administration are the increase of the
number of emergency patients served and the reduction of the time gap between registration and the effective
beginning of the treatment.

Formulation

The formulation of the problem is the first and the most important step of the simulation experiment.
To start the formulation, one shall define the elements of the model. The most important elements are the
entities, the activities and the queues. The entities are the system's components, that is, people or objects that are
able to change the state of the system in time. Examples of entities of different classes are the patient, the staff
(receptionist, nurse and doctor), beds, and other physical components (mechanical, logical). The entities have
an attribute, which identify its state. The physical components have variables, which identify its operational
state. The activities are actions which represents functions and services executed within the system where two
or more entities are used simultaneously for a certain period of time. The activity is an active state, which
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involves the cooperation of entities from different classes. The duration of one activity could always be
determined when it starts. It is independent of the future status of other entities, which are not participating in
that particular activity. For example, the activity “reception” requires a patient coming from the outside world,
and an idle receptionist. The queues are passive states where the entities should wait until all the necessary
conditions for beginning the next activity are achieved. The time spent in the passive state depends on the
future state of other entities because a particular activity can only start if all the entities involved are available.
For example, the activity “triage” can only start if there is a patient and a nurse available.

An entity-oriented cycle diagram is used to represent the relationship between entities, activities and
queues involved in the hospital admission process. The formulation approach adopted here helps the user create
the life cycle of all entities and provides tools to check the integrity of the formulation [7]. There are three basic
modules: Entity, Activity and Queue. The entity module creates the entities and their life cycle. The life cycle of
the patient is a sequence of queues and activities. The activity module keeps track of all information provided
by the entity module in a way that the user is able to check if the formulation is all right. It displays, for every
activity, the entities involved, which queue they come from and to which queue they go after the activity
finishes. The queue module is designed to look at the queues belonging to the life cycle of the entities involved.
One is able to set up the queue disciplines, the initial conditions, and to make options for the output. This
module completes the formulation of the problem.

Modelling

The simulation process is described as follows. There is a real-world problem. This problem is
formulated as a logical model. Logical models can be activity cycle diagrams, flow charts, block diagrams etc.
There are a variety of ways to represent the logic of a formulated problem. The next step is to convert the
logical model into a computer model. This computer model is verified and tested to see whether it is doing what
the analyst wants. The model is used as an operational model to produce some results, or some conclusions, or
for implementation after the operational model has been validated against the real world. The conceptual model
is formulated from the analysis of the patient flow. The model includes both the outpatient and the emergency
sectors. It considers the human and material resources related to each process. The processes are the
registration, the triage, the outpatient care and the emergency care.

Parameters estimation

The data collection is performed in stages. The first stage is the elaboration and the analysis of the
treatment flow. Data collection, statistics and analysis of the flow made for each type of patient. The results are
validated by members of the hospital administration. The second stage is the assemblage of the necessary
information for the definition of the conceptual model. That is: service times, rate of service for outpatient and
emergency patients (in the reception, the general clinic, the pediatrics, the orthopedics, the surgical clinic and
the emergency room). The third stage is the collection of data referring to typical days in the emergency unit
operation. The patient arrival process is compiled from the service report, as well as the service time in the
reception, in the general clinic, the pediatrics, the orthopedics, the surgical clinic and the emergency room.
Table 2 shows the average service time and probability distributions for some of the services.

Table 2 - Service time and probability distributions.

Specialty Average Time Service-Time Parameter
General Medicine 4,18 Erlang ER (4,18;1,00)
Pediatrics 7,27 Lognormal L (7,27;2,56)
Orthopedics 9,9 Lognormal L (9,90;3,52)
Surgery 9,9 Lognormal L (9,90;3,52)

These probability distributions are adjusted to the data, according to Qui-Square, Kolmogorov-
Smirnov and Anderson Darling tests. The result suggests that the arrival of patients occurs according to a
Poisson process. The time interval between the arrivals is estimated as 3 minutes for the outpatients and of 30
minutes for the emergencies. The service time for the pediatrics, orthopedics and surgical clinics are best
adjusted to a lognormal distribution and the Erlang distribution is adjusted for the general clinic. It is often
difficult to try and collect a reliable number of data points when several patient profiles and many caregivers are
involved. When this is the case, an estimate of the distribution should be made. The estimation is based upon
the doctors’ experience. It is established that the service time varies between 20 and 40 minutes, 30 minutes
being the most common. The triangular distribution for the doctors’ activity time in the emergency room is
estimated as: minimum of 20, maximum of 40 and the most frequent value equals 30 minutes.

Experiments with the model
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There are several ways to execute a simulation. The approach to be adopted depends on the nature of
the problem. The most common approaches to build a DES are: events, activities and processes. All approaches
have in common the fact they produce programs with a three-level structure: The executive level is a control
program, responsible for sequencing the operations. The operation level has statements that describe the
interactions that make up the model. The third level includes details of the system, sampling, statistics and
reports.

In the event approach, the executive produces a “diary” into which future event notices are written.
The time scan determines the time of the next event, moves the simulation clock and produces a current event
list. The next step is to carry on the event execution. In this approach the analyst is required to state all possible
outcomes from each event. The second level produces a set of “event routines” which describes the operations
that could follow from a particular change in the system. The activity approach concentrates on the interactions
of the various classes of entity. The basic building block is the activity. The test head are the conditions that
must be satisfied and the actions are the operations which constitute the activity. The executive makes a
repeated activity scan, checks the attributes of the permanent entities and indicate, when each activity is due to
change state. The process approach concentrates in the sequence of operations through which an entity faces
during its life within the system. Its progress continues until the entity is “delayed”. The activity is like an
unconditional delay and the queues are like a conditional delay. The level 2 consists of a set of processes. There
is a reactivation point and the entity is held until reactivation occurs, due either to the end of a scheduled delay
or to favorable conditions within the simulation.

The simulator adopted here uses the process approach that suits the available data and reflects the
patient flow. The model covers a running period that starts at 7am and ends at 11pm. The model simulates the
flow of patients through the emergency hospital. It examines individual patients as they arrive and pass through
the system. The arrival cycles, priority rules and type of service are included to provide the necessary detail to
reflect real-life processes. Alternative scenarios can be compared and modified. The knowledge gained from
each scenario can be evaluated against set criteria, the status quo, and each other to determine the best option.
The focus of this study is the reduction of the patient’s waiting time between reception and effective treatment.
The target is increasing the capacity to achieve quality. Simulation is a powerful tool to investigate several
“what- if” scenarios. The visual representation the entities of the hospital environment has helped the medical
staff to understand their role in the process.

Validation

The validation is the process of ensuring that the model is an accurate representation of the current
system and performs in the same way. This process is achieved through the calibration of the model comparing
the current model to system performance and identifying failures. The developed model is validated by the
hospital management and by the medical staff involved in the research. The model is an accurate representation
of the real system. Several simulation runs are carried out. The animation component allows a good
understanding of the experiment. The participation of the hospital staff is fundamental to ensure consistency and
reliability of the project.

The verification is the phase of ensuring that the simulation model is correct and performs accordingly.
It can be performed by running the simulation and monitoring its operation. The interaction between the users
and the analyst speeds up the verification and increases the reliability of the model. The following procedures
have been adopted: The logical sequence and the entities scripts are compared with the flow of patients in order
to confirm its correct representation in the computational model; The tracking of the model allows monitoring
the system’s performance event after event, guaranteeing the accurate representation of the real system; The
experiment is carried out several times. The reports are compared to reality and analyzed until the model is
finally accepted by the users.

Implementation

After the validation and the authentication of the model, an experiment is performed to evaluate the
effect of the changes in the admission system after the implementation of new features. The first experiment is
the evaluation of a new triage system. The parameters taken into consideration are the waiting time for
emergency patients and the average number of patients waiting for service in the emergency room. The
experiments cover a period of 16 hours (from 7am to 11 pm). Each experiment is carried out 100 times in order
to eliminate distortions and to guarantee the accuracy of the results. Fig 4 shows the average waiting time that
an emergency patient has to wait to start treatment in the current system and after the introduction of the new
scheme.
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It is clear that the introduction of more qualified people in the triage reduces considerably the average
waiting time. This measure points to the value of a risk classification scheme. It is interesting to reinforce that
this was not detected before this experiment. The rise of this constraint restriction has caused a significant time
saving and a reduction of the risk involved with the emergency patients. Another important point is the
influence of this action in the performance of the treatment flow. Fig 5 shows the relative size of the waiting
line before and after the changes. The inclusion of the specialized triage people causes a reduction of the
relative number of patients waiting for emergency service.
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Fig. 6 shows the effect of the increase of the number of qualified nurses in the emergency sector. It
can be a considerably reduction of the average waiting time as the number of nurses increases.
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Fig 6 — Average waiting time.
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V. Conclusion

This method improves the access and quality of public emergency hospitals in Brazil. It is noticeable
that the hospital managers have been able to take strategic decisions based on the results of the model. Some of
the problems found here are common to other hospitals. One of the rewards of this approach is the possibility to
foresee the consequences of operational changes before its implementation in the real world. It offers logical
procedures that encompass important features of the emergency service.

The management of the critical constraints observed in this particular hospital has contributed to
improve the performance of the admission system. The improved scheme of risk classification with the presence
of skilled professionals represents a paradigm break in Brazilian hospitals. The added information generated by
the model leads to improvements in the value of the service. The reduction of the patients” waiting time from
the time of registration and the beginning of the emergency treatment is a very significant achievement and has
important implications for the patients and medical staff. The assistance level rises and the patients’ risk
declines. The prediction of the possible changes enables the hospital management to evaluate the whole medical
care process.

In practice, the changes in the system are dependent on where and when changes have to be made. The
principles proposed here can be used as a course of action, which leads to improvements. It is expected that the
knowledge acquired here can be used by other public emergency hospitals.
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