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Abstract: This work uses a simulation model to analyze the use of ambulances present in
emergency medical services (SAMUs) in relation to the schedule of beginning work shifts and the
time patients wait in relation to shift start times. For the development of the model, information
was collected from studies present in the literature and applied government recommendations for
ambulances by inhabitant. The model was executed for different amounts of effective calls per
day to analyze system congestion and the impact of changing shift start times on waiting times.
The results demonstrate that the system has congestion with 25 effective calls per day, and shifts
started at 8 am and 11 am have a shorter average waiting for patients for care. These results
validate that the change in the start time of shifts improves system performance without increasing
costs.
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Resumo: Este trabalho utiliza um modelo de simulagdo para analisar a utilizagdo das
ambulancias presentes no servigo de atendimento médico de urgéncia e emergéncia (SAMU)
com relagéo ao horario de inicio dos turnos de trabalho, e também o tempo que os pacientes
esperam em relagédo aos horarios de inicio dos turnos. Para o desenvolvimento do modelo foram
coletadas informagbdes de estudos presentes na literatura e aplicadas as recomendacgdes
governamentais de ambulancias por habitante. O modelo foi executado para diferentes
quantidades de chamados efetivos por dia para analisar o congestionamento do sistema e o
impacto da mudanga de horario de inicio do turno nos tempos de espera. Os resultados
demonstram que o sistema possui um congestionamento com 25 chamados efetivos por dia e
os turnos iniciados as 8h e as 11h possuem menor tempo médio de espera dos pacientes por
atendimento. Tais resultados validam a alteragdo do horario de inicio dos turnos melhora o
desempenho do sistema sem aumento de custos.
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Study of the impact of the start ...

1 Introduction

With the increase in the population of cities, it is necessary to correctly size urgency
and emergency care services, the correct types of vehicles and the correct allocation
of resources in work shifts. In Brazil, there are two main public urgent and emergency
medical care services: SAMU, 192, (Mobile Emergency Care Service) and the Fire
Department, 193. In many cities, these services have different call centers without
integration, and if there is an accident on a public road with some witnesses, it is
possible that two witnesses call different services and request two care vehicles. In
addition, these services have different configurations of ambulances, which can be of
different types depending on the specific needs of each region, which makes the
answering and classification of the call crucial for the proper functioning of the system
and increased chance of survival of the citizen.

Public ambulances are used to care for people in cases of urgency and emergency
and are also used in hospitals, emergency rooms, and health departments to meet the
needs of the municipal health system for the internal needs of patient locomotion. Thus,
an ambulance can be used to take patients to other cities to perform consultations or
tests or be transferred from one hospital unit to another (Andrade, 2012).

The correct distribution of ambulances available in health systems is crucial for large
cities to reduce the risk of death of patients due to the waiting time for care.

The correct number of available vehicles and their correct positioning is a critical
factor of the urgency and emergency system, with the various types of ambulances and
their configurations. Examples are (i) motolance, composed of a motorcyclist qualified
with equipment necessary for initial care in cases where the individual's locomotion is
not necessary; (ii) Basic Support Unit (UBS), composed of nurses and/or nursing
technicians; (iii) Advanced Support Unit (USA), composed of doctor and nurse/nursing
technician; and (iv) Mobile ICU, which are vehicles with higher technology and
equipment for the most severe cases, usually the need for calls to the advanced
support units and Mobile ICU are lower.

Critical factors in the care of emergency medical systems are the response time,
the affordable number of ambulances and their location as problems that have been
widely studied in the literature.

1.1 Contributions of the article

Studies in the literature analyze emergency medical care systems under two main
aspects: i) Location of bases/vehicles, as can be found in Ciconet (2015), Souza et al.
(2013) ii) Dimensioning the number of vehicles present in the system. Different
techniques are used for the correct analysis of the systems to determine the best
solutions for these environments. However, no study analyzes the relationship between
the demand for care, which is highly variable, the dimensioning of resources and the
start time of work shifts.

This study aims to analyze the volumes of demand, i.e., number of calls, for daily
service, governmental ordinance no. 1.864, of September 29, 2003, when followed by
the municipality, the results in satisfactory levels of service to the population in relation
to the congestion of the system considering the number of vehicles available in the
system and the start time of the lathes in the service system.

As in most service systems, at some time of the day, the demand for service can
exceed the amount of available resources, and changing the start and end times of
work shifts can facilitate the adjustment of demand curves and available resources
without the need to increase the number of vehicles and professionals available in the
system as a whole.

The main contribution of this study is to present an analysis of various times of
beginning and end of work shifts for the profile of demand for care of the studies
analyzed for data collection.
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For this study, the amount of demand present in the system is gradually increased
by 5 daily calls to the limit of 50 effective calls. The analysis is based on the increased
demand for care and the provision of services by the public manager with the
determination of the number of vehicles available in each work shift and the start and
end times of the shifts.

2 Literature review

Simulation is the representation of the operation of a real-world process over time.
It can be performed manually or with the aid of a computer. The simulation involves the
generation of an artificial history based on real data collected from the system for an
analysis of the process characteristics (Banks et al., 2014).

Nevertheless, according to Banks et al. (2014), the use of simulation allows the
analysis of multiple experiments in complex environments, proposing new policies and
resource allocation. Thus, the use of simulation is recommended for the analysis of
urgent and emergency medical care systems because it is a complex system with
highly variable demand and resources that may be unavailable during the day.

Studies of response times in emergency systems with data taken from cities are found
in Ferrari et al. (2017), Maruyama & Souza (2018), Ciconet (2015), Coelho & Pinto (2018).

Studies on the location of vehicles are found in Toregas et al. (1971), Church &
ReVelle (1974), Larson (1974), ReVelle & Snyder (1995), Souzaetal. (2013),
Barreto et al. (2016), Takeda et al. (2001), Figueiredo & Lorena (2005), Silva (2010),
Souza et al. (2013), Ghussn & Souza (2013) and Nogueira et al. (2016).

Table 1 shows the classification of articles present in the literature for the problem
of positioning and sizing the number of vehicles required in emergency medical care
systems and the technique used to solve the problem.

Table 1. Techniques used in the literature.

Simulation Mathematical/ Hybrid Data analysis

Articles .
analytical

Takeda et al. (2001) X

Tavakoli & Lightner X
(2004)

Figueiredo & Lorena X
(2005)

Rajagopalan et al. X
(2008)

Barros et al. (2009) X
Wu & Hwang (2009) X

Silva (2010) X

Silva & Pinto (2010) X

Souza et al. (2013) X

Nogueira et al. (2016) X

Ciconet (2015) X
Barreto et al. (2016) X

Ferrari et al. (2017) X

Maruyama & Souza X
(2018)

Coelho & Pinto X
(2018)

Source: authors.
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Table 2 shows the variables considered by the authors in the respective articles.
For Table 2, the following legend of the variables will be used: 1) arrival by period;
2) variable arrival rate; 3) demand fractionation; 4) variable service time; 5) variable
demand; and 6) service shifts.

Table 2. Variables considered in the solution of the problem.

Articles 1 2 3 4 5 6
Takeda et al. (2001) X X X
Tavakoli & Lightner (2004) X X X X
Figueiredo & Lorena (2005)

Rajagopalan et al. (2008) X X
Barros et al. (2009) X X X X

Wu & Hwang (2009) X X XX X X X
Silva (2010) X X X X
Silva & Pinto (2010)

Souza et al. (2013) X X

Nogueira et al. (2016) X X X X X
Ciconet (2015) X X X X X X
Barreto et al. (2016)

Ferrari et al. (2017) X

Maruyama & Souza (2018) X
Coelho & Pinto (2018) X X X

Source: authors.

In the present study, all variables presented in Table 2 are used, with a difference
in the focus of the study compared to the other studies. The main contribution in this
study is the impact of the change in shift start times on the service capacity of the
system and, consequently, the change in the waiting time of patients.

The response time of the SAMU was studied by Ciconet (2015), where data were
collected from 1580 visits performed in 2013 in the city of Porto Alegre - RS. The author
conducted a complete survey and treatment of data to classify the calls and determine
the response time for the effective calls. The proportion of consultations that used
advanced support vehicles was approximately 2.72% of the total. To analyze the
number of effective calls per day, four periods were considered: dawn (0 h to 6 h),
morning (6 h to 13 h), afternoon (13 h to 19 h) and night (19 h to 24 h), and the average
proportions of calls per period were 10%, 32%, 37% and 21%, respectively.

3 The proposed simulation model

This study presents a discrete event simulation model that aims to describe the
operation of the emergency response system for cities that use governmental
ordinance no. 1,864 of September 29, 2003, which recommends one USB per 100 to
150 thousand inhabitants and one USA per 400 to 450 thousand inhabitants. Thus, for
the system to have at least one advanced support unit available 24 hours a day, a city
with 800,000 inhabitants was adopted as an example. Similarly, one can define any
city size and number of vehicles present that respect the ordinance; for example, a city
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with 300 thousand inhabitants is expected to have at least 3 basic support units and 1
advanced support unit.

The spatial distribution, i.e., geographic distribution of the vehicles, is considered
uniform according to the number of inhabitants, and thus, the model has 8 regions in
which a vehicle will be responsible for the service. Two 12-hour work shifts are
considered, in which the first shift has eight vehicles available and in the second work
shift four of the vehicles.

The settings for the distribution of ticket arrival, service time at the regulatory center,
travel time and service at the call site were made from state-of-the-art research using
articles that present data from several cities. The arrival was considered exponential,
and the other distributions were approximated by triangular distributions for greater
proximity to the data observed in the articles. The experiments were performed with
the objective of determining the number of effective calls per day that the system can
handle without waiting for the patient to be longer than 15 minutes and to identify how
the change in the start time of work shifts from 7 hto 8 h, 9 h, 10 h, 11 h or 12 h will
affect the waiting time of patients. The relationship between the possible demand and
the amount of available resources.

Based on the above, this study presents a discrete event simulation model that
represents a city with 800,000 inhabitants that has a basic support ambulance for every
100,000 inhabitants and an advanced support ambulance for every 400,000
inhabitants. There is also the division of the city into regions with 100,000 inhabitants
with one basic support vehicle per region. To represent the reduction of resources
present in the service systems, during the night shift, only half of the vehicles will be
available. At any time, a vehicle that is available in a region other than the originating
call may travel for assistance. For the care of patients who require advanced support,
the model considers two large regions with one vehicle in each region. The flowchart
in Figure 1 represents the process of answering calls in the simulation model.

T1 = Exponential according to T2 = Normal(10.9,9.5) minutes T3 = Normal (18.6,9.5) minutes
time of day

Service request by the
regulation center

The ambulance goes to the
place of the call

Initial on-site service

Patient delivery and release
of the stretcher; Cleaning
and sanitizing the vehicle

and returning to base

End

Travel to the hospital

Y
T4 = Uniform(10,20) minutes
Figure 1. Flowchart of the service process. Source: authors.

Effective calls arrive at the system (T1), and then, a vehicle is assigned for service
to a team that prepares for the exit and then moves to the location of the occurrence
(T2). If necessary, initial care was performed at site T3, and the patient was referred to
the hospital. At the hospital, the patient was moved to care, the vehicle stretcher was

Gestéo & Produgéo, 29, e4421, 2022 5/15



Study of the impact of the start ...

released, and the vehicle team sanitized the stretcher and the vehicle to return to the
hospital. basis for new care (T4). The moment the vehicle leaves the hospital unit
sanitized, it is available for new care.

For the insertion of data in the model, state-of-the-art surveys of the problems of
locating bases and ambulances were performed, and the following assumptions were
applied:

* Vehicles: The city has 1 basic care ambulance per 100,000 inhabitants and 1
advanced care ambulance per 400,000 inhabitants, according to government

regulations (Brasil, 2003);

* Proportion of basic and advanced care: The type distribution in the model was
95% for basic support vehicles and 5% for advanced support vehicles. This division
was determined from the average of the values of the articles studied;

+ Travel time to the location of the ticket: For the travel time, two variables are
considered: 1) the vehicle belongs to the region of the ticket, triangular travel time
(5; 8.27; 19); 2) the vehicle does not belong to the region of the ticket; for this case,
an additional time of 5 minutes was considered to be triangular distribution, thus
being triangular (10,13,27; 24). The triangular distribution was used based on the
mean, minimum and maximum of the studies analyzed;

* Local care and release: The time for local care and patient preparation for travel
follows a triangular distribution with a minimum of 6, mode 11.9 and maximum of
38 minutes. The triangular distribution was used to represent the mean, minimum
and maximum of the studies analyzed;

+ Displacement to the hospital and release of the vehicle: the times of sending
the patient to the hospital, release of the stretcher, cleaning of the vehicle and return
have a variation that can be represented by a uniform distribution with a minimum
of 12 and a maximum of 38 minutes, considering the minimum times and maximum
values of the studies analyzed;

+ Geographical distribution of calls: calls are evenly distributed among the 4
regions;

»  Work Shifts: The work shifts have a duration of 12 hours and are initially from 7:00
am to 7:00 pm (day) and from 7:00 pm to 7:00 am (night), and these shifts were set
to start. of simulation as standards of urgent and emergency care services. The
period from 7 am to 7 pm is called Shift 1, and the period from 7 pm to 7 am is called
Shift 2; for Shift 2, a 50% reduction in the number of available vehicles is considered;

+ Variation in demand during the day: for the variation in demands, three periods
during the day are considered: period 1 (night) from 00:00 to 8:00 with the arrival of
20% of the daily demand; period (morning) 2 from 8:00 am to 4:00 pm concentrating
on meeting 35% of the demand and period 3 (afternoon) from 4:00 pm to 0:00 am
with the receipt of 45% of the daily demand. To determine these proportions, the
studies of Ciconet (2015), Silva (2010) and Maruyama LY and Souza RM (2018) were
analyzed, and then the mean between the times found in these studies was used.

+ Change in shift start time: To analyze the variation in demand during the periods
of the day and its relationship with the beginning of shifts, the beginning and end of
the work shift was changed, and the impact on the maximum waiting time of the
patient by the vehicle was analyzed.

« Congestion of the system: To verify the service capacity for the different configurations
of the system, an experiment was developed with the variation of the number of effective
arrivals per day between 5 and 50 arrivals per day, as shown in Table 3. The variation of
5 arrivals is made only by simplicity and computational economy.
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Table 3. Rates of arrival by day period.

Number of patients

per day (number of Early morning Morning Late
patients)
5 0.12 0.27 0.24
10 0.24 0.54 0.48
15 0.36 0.81 0.71
20 0.48 1.08 0.95
25 0.59 1.34 1.19
30 0.71 1.61 1.43
35 0.83 1.88 1.66
40 0.95 2.15 1.90
45 1.07 2.42 2.14
50 1.19 2.69 2.38

Source: authors.

The simulation model was developed and executed using FlexSim software version
2020.0.1 on a computer, Core i7-6700HQ 2.6 GHz with 16 GB of RAM, and the model
execution range represents one month of system work for 24 hours per day. Thus, for
each work shift analyzed, from the work shift starting at 7 am to the work shift starting at
12 pm, 30 samples are generated, and the results found are presented in the next section.

4 Results

The simulation model was initially performed with 5 effective calls per day. With this
configuration, there is no generation of queues for basic support units. The system has
waiting times for basic support units with 20 effective calls per day or more.

The results of the average waiting times for patients for the different work shifts are
shown below. Thus, the waiting time for the daily demands presented was collected for
the basic and advanced support units. The results of the average waiting times for the
shift start times are shown in Table 4 below.

Table 4. Average waiting time for basic support vehicles.

Patient arrival/day

x Shift start time 7h 8h 9h 10 h 1h 12h
5 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.03 0.00 0.08 0.03 0.05
25 0.18 0.00 0.03 0.10 0.08 0.05
30 0.13 0.23 0.03 0.20 0.05 0.28
35 0.30 0.10 0.13 0.53 0.23 0.23
40 0.75 0.53 0.08 0.73 0.40 0.43
45 0.83 0.58 0.35 0.53 0.48 0.93
50 1.67 0.48 0.60 0.70 0.40 1.00

Mean 0.38 0.19 0.12 0.29 0.17 0.30

Source: authors.

Gestédo & Produgéo, 29, e4421, 2022 7/15



Study of the impact of the start ...

The results of Table 4 show that congestion in the system is generated when there are
more than 20 effective calls per day. The lowest average congestion of the system is found
for the shifts that start at 9 am and 11 am, and the greatest congestion is in the shifts that
start at 7 am and 12 pm. To verify the differences in the means between the shifts, two-way
ANOVA was performed, and a statistical test was used to analyze the relationship between
the variables present in a study, with the rows representing the arrival rates and the columns
representing the start times of the studies. shifts. For the rows, the observed value of the F
statistic was 16.96 for a critical value of 2.10, which validates the hypothesis of differences
in demands (already proposed in the model). The F value observed for the columns was
3.17, greater than the critical value (2.42); therefore, the hypothesis of equality in the
average service times is rejected, that is, there is a difference in the average waiting time
for the advanced support vehicles with the change in the start time of the shifts. The same
analysis can be performed for the advanced support units (USA). The results for the
average waiting time are shown in Table 5.

Table 5. Average waiting time for advanced support vehicles.

Patient arrival/day x

Shift start time 7h 8h 9h 10h 11h 12 h
5 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 1.00 0.90 1.50 0.30 1.70
25 0.10 0.05 0.70 0.50 1.00 1.20
30 0.10 1.10 1.10 0.90 0.60 0.60
35 1.70 0.00 2.10 1.30 0.90 0.60
40 0.90 0.40 0.90 1.3 0.90 0.40
45 3.90 0.70 0.20 1.40 1.70 0.50
50 2.00 2.30 1.00 0.80 0.80 2.70

Mean 0.87 0.56 0.69 0.79 0.62 0.77

Source: authors.

For the advanced support units (USA), the lowest mean waiting times were found
with the beginning of the shift at 8 am and 11 am, and the highest means were found
in the shifts beginning at 7 am and 10 am. The two-factor ANOVA test was performed
for the average waiting times for advanced support units, the rows representing the
daily demands and the columns with the shift start times. The F observed for the daily
demands was 77.23 greater than the critical value of 2.09, and for the shift start times,
the observed value of F was 1.02 greater than the critical F of 2.42. Thus, it is possible
to affirm that there is no difference in the average waiting time per unit of advanced
support with the change in the start time of the shifts.

To analyze the impact of the number of calls performed during the shifts, the
average number of calls per hour was collected for each demand profile and for each
shift start time.

The results of the average number of clients served per hour for the advanced
support units are shown in Table 6.
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Table 6. Average number of patients seen per hour per basic support unit.

Patient arrival/day x

Shift start time 7h 8h 9h 10h 11h 12h
5 0.42 0.42 0.42 0.42 0.42 0.42
10 0.73 0.68 0.71 0.69 0.69 0.69
15 0.98 0.95 0.89 0.94 0.94 0.93
20 1.17 1.21 1.18 1.17 1.20 1.19
25 1.33 1.36 1.43 1.38 1.35 1.43
30 1.58 1.64 1.61 1.57 1.60 1.56
35 1.81 1.76 1.82 1.79 1.83 1.77
40 1.96 2.06 2.02 1.98 2.04 2.02
45 2.39 2.27 217 2.22 2.23 2.24
50 2.37 2.40 2.34 2.40 2.39 243

Mean 1.47 1.48 1.46 1.46 1.47 1.47

Source: authors.

The average number of clients served per hour does not change significantly for
any time of the beginning of the work shift for the basic support units. The results for
the advanced support units are shown in Table 7.

Table 7. Average number of patients seen per hour per advanced support unit.

Patient arrival/day x

Shift start time 7h 8h 9h 10 h 11h 12h
5 0.02 0.01 0.04 0.02 0.01 0.01
10 0.05 0.04 0.03 0.03 0.03 0.03
15 0.04 0.05 0.04 0.05 0.05 0.06
20 0.06 0.05 0.07 0.07 0.06 0.05
25 0.06 0.08 0.08 0.09 0.06 0.09
30 0.10 0.08 0.10 0.08 0.07 0.06
35 0.08 0.10 0.11 0.09 0.10 0.09
40 0.13 0.11 0.11 0.10 0.11 0.10
45 0.11 0.10 0.13 0.13 0.13 0.13
50 0.14 0.15 0.14 0.15 0.14 0.14

Mean 0.08 0.08 0.09 0.08 0.08 0.08

Source: authors.

The results shown in Table 7 show that the average number of people served per
day is not significantly altered by changing the shift start time for the advanced support
units. Considering the customer waiting and service data, there is a reduction in the
waiting time for the basic support units with the change of the start time of the shifts to
9 h or 11 h without affecting the customer service.

The change in the start time of the work shifts can generate differences in the peak
moments of the system. To analyze the behavior of the system bottlenecks for each of
the shifts, the average waiting times generated in each of the 30 days in the shifts were
compared to 1 and 2.
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The set of graphs below shows the times when bottlenecks appeared in the system
for a daily demand of 50 effective calls; this demand already has congestion, resulting
from the variability and unavailability of vehicles in shift 2.
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Figure 2. System waits - Beginning 7 hours. Source: authors.

The Figure 2 show that in shift 1, which began at 7 am, a long waiting time was
observed, reaching a maximum of almost one hour.
For shift 1 starting at 8 am, Figure 3, the waiting time generated is shorter than the
previous one, with an outlier close to 50 minutes of waiting.
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Figure 3. System waits - Start 8 hours. Source: authors.
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Figure 4. System waits - Start 9 hours. Source: authors.
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For the simulation with shift 1 starting at 9 am, Figure 4, the average waiting times
are shorter and the maximum waiting times are shorter, except for an outlier close to

50 minutes.

For shift 1 beginning at 10 am, Figure 5, there is an increase in the average waiting
time with a maximum time exceeding 60 minutes.
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Figure 5. System waits - Beginning 10 hours. Source: authors.

'i't
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Figure 6. System waits - Start 11 hours. Source: authors.

Shift 1 starting at 11 am has a maximum waiting time, Figure 6, as low as the system
with shift 1 starting at 9 am; however, the mean is naturally higher.

Finally, the Figure 7 shows that the work shift started at 12 o'clock with a maximum
waiting time greater than 70 minutes.
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5 Analysis of the impact of the shift of work shifts

Figure 8 below shows, in a static manner, a possible relationship between variation
in demand for service during the day and the number of vehicles present in the system
in a work shift started at 7 am. The demand curve is greater than the number of vehicles
available in the system between 19:00 and 00:00. The average waiting time found in
the simulation for this system configuration was 0.38 minutes.

Available Ambulances x Demand per service for 20 calls per
day

12

10

I I S S S S N S T S N N I
SELSLL L L L LSS LSS S S LSS
RN AN N N S N SN I VS EE N RN\ R\

B Available Ambulances — e Demand

Figure 8. Demand for care and service with shift started 7 hours. Source: authors.

Figure 9 below shows, in a static manner, a possible relationship between variation
in demand for service during the day and the number of vehicles present in the system
in a work shift starting at 9:00 am. For this scenario, the average waiting time found in
the simulation for this system configuration was 0.12 minutes.

The empty space between the demand line and the blue region, which represents
the available resources, is smaller for the shift started at 9:00 am. Thus, the waiting
times for this shift are shorter. The results of the simulation validate the hypothesis that
the waiting time can be reduced by changing the start time of work shifts.

Available Ambulances x Demand per service for 20 calls per
day

0
P P P LRSS LSS LS ELSELSSS S
CLLLLLLLLLLLLLLLLLL LSS
QTET ST TP DTGPPI S

B Available Ambulances — emm=Demand

Figure 9. Demand for care and service with 9 -hour shift. Source: authors.
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6 Conclusion

This study aimed to analyze the impact of changing the start and end times of work
shifts in an emergency medical care system in a city with 800,000 inhabitants, with a
system configuration respecting government ordinance no. 1,864, dated 29 September
2003, which recommends the number of basic support units and advanced support
units that should be available in the system. The shifts have a 12-hour amplitude with
the proposed start at 7:00 am, 8:00 am, 10:00 am, 11:00 am and 12:00 pm, and the
model was executed for one month of work considering the variables every 12 or
24 hours of work, i.e., amplitude of simulation of 30 samples.

The average waiting time found in the system is lower for the scenarios with the
work shifts started at 9 am and at 11 am for the basic support vehicles, validated by
ANOVA (observed F = 3.17 greater than critical F = 2.42). For the advanced support
units, the test shows that there is no significant impact on the change in working hours
(F observed = 1.01 less than critical F = 2.42).

The changes in the start time of the work shifts did not generate a significant change
in the number of people assisted, as shown in Tables 6 and 7, i.e., the change in the
start time of the shifts can generate a shorter wait time for the patients without
impairment. in the performance of the system.

The maximum waiting times of patients, also important because more severe cases
can result in cases of death, have a lower value for shifts starting at 9 am and 11 am,
and it is therefore recommended to start shifts at these times for the system in question.
analysis.

The results found for the average waiting time, number of clients served and
maximum waiting times in each day and work shift show that the best times to start
work shifts are 9 am and/or 11 am, generating a reduction in the mean time waiting
times, maintenance of the number of clients served, and a shorter maximum waiting
time.

For future studies, this project will be applied to a metropolitan region of the state of
Séao Paulo with a different demand profile and configuration, and the impacts of different
demand profiles for the same system will also be analyzed.

Booth authors worked on the conceptualization and theoretical-methodological
approach. The theoretical review was conducted by Anibal Azevedo. Data collection
was coordinated by Rodrigo Gigante. Data analysis included Rodrigo Gigante. All
authors worked together in the writing and final revision of the manuscript.
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