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Abstract 

The senior population has been increasing worldwide throughout the years as well as the Emergency 

Department (ED) demand. Consequently, resources consumed by the patients, such as X-Rays, 

Computed Tomography Scans, Blood Tests and other tests performed in the ED, are also increasing. 

This situation happens due to the increase in the current ED demand associated with the increase in 

aged patients, who are normally assigned with higher priorities in the ED triage, leading to a higher 

consumption of resources. 

This research aims to forecast the future ED demand according to the future demographic evolution, to 

understand the resource consumption in the future. Therefore, a population evolution projection is 

performed by a system dynamics simulation model. Furthermore, the current ED patients are evaluated 

according to the demographic characteristics (age and gender) and the needs in the ED, i.e. priority 

level and resource consumption in the ED visit. Future ED patients’ needs are met by projecting the 

current ED demand characteristics in the future population projection.  

Therefore, the number of future ED visits by priority and resource consumption is reached and is used 

as input in a discrete event simulation model to evaluate the performance of the ED. The method is 

tested in the context of the Complejo Hospitalario de Navarra. The results show an increase of patients 

with higher priority levels, leading to a higher consumption of resources. Furthermore, the results also 

show that an additional physician should be scheduled in one shift to meet future demand. 
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Resumo 

A população sénior tem vindo a aumentar mundialmente nos últimos anos assim como a procura no 

Serviço de Urgências (SU). Consequentemente, os recursos consumidos pelos doentes deste 

departamento, como por exemplo Raios X, Tomografia Axial Computorizada (TAC), testes sanguíneos 

e outros exames, também têm vindo a aumentar. Esta situação acontece face ao atual aumento da 

procura do SU associado ao aumento de doentes idosos que têm níveis de prioridade mais elevadas, 

levando a um maior consumo de recursos. 

Este trabalho tem como objetivo prever a futura procura do SU de acordo com a evolução demográfica 

e obter o futuro consumo de recursos. É realizada uma projeção da evolução da população usando um 

modelo de simulação de sistemas dinâmicos. Para além disso, os doentes atuais do SU são avaliados 

de acordo com as suas características demográficas (idade e género) e as necessidades de recursos 

no SU (nível de prioridade atribuída na triagem e recursos consumidos). As necessidades dos futuros 

doentes do SU são conseguidas através da projeção das características dos atuais doentes na projeção 

da futura população. 

Consequentemente, os futuros doentes do SU são obtidos por nível de prioridade e recursos 

consumidos e são usados para avaliar o desempenho atual do SU. O presente método é testado no 

Complexo Hospitalario de Navarra. Os resultados evidenciam um aumento de doentes com prioridades 

elevadas, o que leva a maior consumo de recursos. Para além disso, é necessário adicionar um médico 

num dos turnos de trabalho do SU para abranger todos os futuros doentes. 
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1 Introduction 

Overcrowding in Emergency Department (ED) is a current problem in numerous hospitals around the 

world (Aboagye-Sarfo, et al., 2015). This problem is a consequence of the increase in demand in this 

department, since the ED visitors have been increasing throughout the past years. Overcrowding 

compromises the level of performance and the efficiency of this department since it leads to an increase 

in the patients’ waiting time in order to be attended by a physician, as well as the increase in the 

physicians’ working hours (Aboagye-Sarfo, et al., 2015). Thus, it is important to identify potential sources 

of the overcrowding problem in order to increase the level of efficiency in this department and to 

contribute to the patients’ satisfaction.  

One of the sources of the ED’s overcrowding is the aging population, since aged patients have a higher 

impact on the ED performance (Liu, et al., 2017): they are the main patients of this department and they 

also consume more medical resources (aged patients require more medical tests and require more 

medical attention). As the senior population has been increasing worldwide in the past years, the number 

of aged ED patients has also been increasing, which has led to an overcrowding problem (Reeder, et 

al., 2002). Based on that, future ED demand can be forecasted according to the demographic 

characteristics, since patients’ age can be considered as an important factor that influences the increase 

in the ED demand. 

In this context, this thesis aims to forecast future ED demands and their needs based on the future 

demographic transition. The idea is to evaluate the current needs of the ED patients according to their 

demographic characteristics (age and gender). Future patients’ needs are achieved based on the 

demographic characteristics of the future patients. 

To achieve a future population projection, different population trajectories are created and the impact of 

each one in the ED is studied. For each situation, future ED patients are assessed according to their 

clinical characteristics, which cover the priority level that is expected to be assigned the future ED 

patients as well as the resources that they will consume in the ED: X-Rays, Computed Tomography (CT) 

Scans, Blood tests and other medical tests. With this analysis, the future capacity required for the ED, 

according to the future patients’ needs, can be forecasted.  

ED performance is also evaluated, where the future patients’ characteristics are compared with the 

current ones to find the potential differences in the ED to meet the future demand. In this thesis, the ED 

performance is measured by evaluating if the patients are attended according to their urgency, i.e. each 

patient is assigned with a priority level that has a maximum time limit to receive medical attention, and 

this limit should not be exceeded. Since the demand will be higher in the future and more complex cases 

are expected, some changes in the ED will be necessary to meet the future demand.    

The overcrowding of ED is a global problem. It is related with the aging population that is verified 

worldwide and the increase in the senior population will tend to continue throughout the following years. 

Since the clinical characteristics of the aged patients create a huge impact on the ED efficiency, it is 

fundamental to understand the population transition to prepare this department in order to be able to 
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meet the future demand. The method developed in this study is conceptualized and generalized to be 

applied in several ED contexts with different patients’ characteristics.  

In this thesis, the method is applied in the context of Complejo Hospitalario de Navarra (CHN) in order 

to achieve the future ED demand in this hospital and their clinical needs (priority levels and resource 

consumption). The CHN is the main hospital in the Navarra region and it is the hospital with the highest 

impact in this region. Besides, an increase in the ED visits at CHN has been observed throughout the 

past years, as well as an increase in the senior population in Navarra. Therefore, the main service 

directors and administrators of CHN are interested in forecast future ED demand to plan the ED 

resources according to the future demand. 

This thesis highlights how the patients’ needs and demographic characteristics of the population can be 

related with each other. This factor is used to forecast future patients’ needs and to evaluate the future 

ED capacity to meet future ED demand. The objective of this study is to forecast the future ED patients 

by priority level and to forecast the amount of resource needed in future to meet the future ED patients. 

1.1 Thesis outline 

This thesis uses current ED patients’ needs and population projections to forecast the future ED 

demand. The characteristics for the future ED demand forecasted are used to evaluate the performance 

of the ED and to evaluate the necessary changes in this department to meet future demand. To cover 

these subjects, the present document is organized in six chapters: 

The first chapter is an introductory chapter where the main motivations, context and objectives of the 

thesis are highlighted. The objectives created for this thesis and the contributions achieved are 

explained in this chapter. 

The current problem at the ED of CHN that motivated the present study is presented in the second 

chapter. Chapter 2 explains the current situation of the ED and the main problems verified in this 

department that are expected to be overcome in the future with the projections created under the scope 

of this thesis. 

A Literature Review is developed in chapter 3. Studies that focus on the demographic transition, patients’ 

characterization and the prediction of future patients of a certain healthcare department are presented. 

Studies that evaluate the performance level and the efficiency of EDs are also discussed. Moreover, 

studies that use demographic transition as a key to forecast future demand are given special attention 

in this chapter.  

This thesis proposes a multimethodology with four steps. The multimethodology is described in chapter 

4, detailing each step: (1) for the population projection, (2) for the characterization of the current ED 

patients, (3) for the projection of the future ED patients and (4) to evaluate the ED performance. 

Chapter 5 discusses the results achieved for each step. Finally, chapter 6 covers the main conclusions 

of the thesis, discusses the limitations and suggests future research directions.  
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2 Background – case study 

This chapter describes the current situation in the ED of CHN, which is one of the reasons that motivated 

the development of this thesis. Details of the potential sources of the increase in demand in the ED at 

CHN are described. Section 2.1 explains how the healthcare units and the medical attention are 

distributed in the Navarra region. Section 2.2 characterizes the CHN and the ED at CHN. Section 2.3 

describes the current ED patients based on past data recorded. This section highlights the demographic 

characteristics and the priorities assigned in the triage interview and the resources consumed by the ED 

patients. Section 2.4 presents the increase in the senior population in Navarra throughout the past years. 

Section 2.5 concludes the chapter. 

2.1 Distribution of healthcare units and medical attention in Navarra 

Servicio Navarro de Salud-Osasunbidea (SNS-O) is the entity responsible for the public health system 

in Navarra. Facing the new challenges of the society, SNS-O needs to adapt the available resources to 

satisfy the population’s health needs and to give medical attention in emergent situations. Currently, the 

main problems verified in Navarra related with the health management are (Servicio Navarro de Salud 

- Departamento de Salud, 2018): 

• The aging population; 

• Rural depopulation; 

• The increase in chronic diseases; 

• Expensive costs in technological equipment, treatments and drugs; 

• Economic crises. 

Based on these current factors, SNS-O has an important role in satisfying healthcare needs for the 

whole region of Navarra, regardless of the location of the population. The main objectives of SNS-O are 

(Servicio Navarro de Salud - Departamento de Salud, 2018): 

1. To achieve a proactive health system proactive, resulting in self-care and the prevention of 

diseases; 

2. To prioritize vulnerable people; 

3. To improve medical care, focusing on patients’ needs and professional training; 

4. To increase patients’ satisfaction and increase the service quality (for example, decreasing 

waiting times); 

5. To achieve an adequate resource consumption; 

6. To provide a good management system. 

Therefore, SNS-O has several medical centres distributed in the Navarra region in order to reach all the 

population. Thus, it is possible to reach all the population and to provide the required healthcare needs 

for each zone of Navarra. Based on that, Navarra’s health system is organized according to the territorial 

health areas present in the Navarra region: there are small territorial zones (Figure 2.1) that are grouped 
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in three main health areas, where each one has a hospital: Pamplona, Estella and Tudela represented 

in Figure 2.2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Health areas in Navarra (Gobierno de Navarra, 2018). 

Figure 2.2: Main health areas in Navarra (Servicio Navarro de Salud - 

Departamento de Salud, 2018) 
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Besides Navarra’s health area, there are also 234 consultation rooms, 47 centres for the provision of 

urgent and continuous care, normal services for urgency and other emergency centres. Each main 

health area (Pamplona, Estella and Tudela) has a hospital but SNS-O created a specialized centre for 

medical attendance. This specialized centre is the Complejo Hospitalario de Navarra (CHN) that is 

located in Pamplona and is the main hospital of the Navarra region. 

2.2 CHN and ED characterization 

CHN is a recent organization that was created in 2014 due to the merger of two different hospitals in 

Pamplona: Virgen del Camino and  Hospital de Navarra. This new organization covers specialized 

services for all the population of Navarra, and it has only one entity for the management of services. 

CHN has more than 1,000 beds, covers about 6,000 professionals and has 43 clinical services. As it is 

the result of the merger of the two main old hospitals, CHN has a set of buildings and it is organized in 

the following way (IdiSNA, 2019):  

• Centro A: corresponds to the old Hospital de Navarra; 

• Centro B: general, maternity and paediatric area and corresponds to the old Virgen del Camino 

Hospital; 

• Centro C: ambulatory services; 

• Centro D: trauma and orthopedics area; 

• 13 areas for sexual and reproductive healthcare.  

The merger of the two old hospitals has led to the creation of a new ED where the main goal of this 

department is to provide medical attention for all the patients in Navarra with urgent conditions, since 

this is a specialized centre. Comparing the new ED with the previous one, it has an area of 3,500m2 , 

leading to an increase in the patients’ comfort, has 15 rooms for specialization areas, 6 waiting rooms, 

one more nursing room and three more rooms for radiology (Gobierno de Navarra, 2019). Figure 2.3 

shows the new location and outside structure of the ED building. 

 

 

 

 

 

 

 

 

 Figure 2.3: New ED location in CHN and structure 
(Gobierno de Navarra, 2019). 
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The building named “Nuevas Urgencias”, covers patients whose age is equal to or higher than 15 years 

of age and it is this department that is studied in this thesis. 

Although this department covers all adult urgent patients from Navarra, patients that go to the ED 

present different levels of severity and some of them cannot wait for medical attention for long. On the 

other hand, there are other patients that can wait more time to have medical attention. Furthermore, the 

level of resources used in the ED is different according to the patients’ situation (priority level). In the ED 

of CHN, the priority levels are assigned using a range of 1 to 5, where the level 5 represents the least 

severe situation and the level 1 represents the most complex case. 

Due to the different severities assisted, the ED of the CHN has two main circuits: one that attends the 

least urgent patients (circuit A) and the other that attends the most urgent patients (circuit B). Besides 

this, there is also a resuscitation room, which is covered by circuit B, for those patients who need medical 

attention immediately (considered as circuit C). Thus, there are three circuits to attend the different 

severity levels of the patients (Sánchez & Pérez, 2014): 

• Circuit A: the resources available in this circuit are sufficient to attend patients with the least 

severity; 

• Circuit B: the resources available in this circuit are intended to attend patients with the highest 

severity; 

• Circuit C: attend critical patients with the resources available in circuit B. This circuit is 

characterized by a reanimation room and the staff of circuit B. 

Thus, according to the severity level, the patient follows a specific circuit with specific resource 

availability. However, besides each ED circuit being intended to attend a certain severity level, there are 

fluctuations in demand during the day that can compromise the capacity of each circuit. Table 2.1 shows 

the fluctuations in demand in the ED for each circuit.   

Table 2.1: Fluctuation in demand circuit A and B. Adapted from (Sánchez & Pérez, 2014). 

Hours of the day 
Patients/Hours 

Circuit A Circuit B + Circuit C 

08h-11h 9.0 4.7 

11h-15h 11.1 7.6 

15h-18.30h 10.7 6.8 

18.30h-22h 8.3 5.2 

22h-01h 2.1 4.4 

01h-05h 1.4 2.7 

Between 05 and 08 1.4 2.3 
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Table 2.1 shows the fluctuations in demand for the least urgent patients (circuit A) and for the most 

urgent patients (circuit B), during the day (Sánchez & Pérez, 2014). 

There are several fluctuation is demand during the day, meaning that the ED visits can be a result of 

social behaviour since there is more demand during the working day than during the night, especially 

for least severe situations (circuit A). This means that the current increase in the ED demand provided 

by the least urgent patients can be reduced after the implementation of some policies. 

Furthermore, due to the fluctuations in demand, the resources planned for each circuit can be adapted 

in order to achieve a higher efficiency in the other circuits, decreasing the patients waiting time since 

each circuit can attend different levels of priorities. Table 2.2 shows the priorities covered by each circuit 

as well as the maximum time that a patient can wait to receive medical attention, according to the 

assigned priority level. 

Table 2.2: Priority levels covered by each ED circuit and maximum waiting time. Adapted from 
(Sánchez & Pérez, 2014). 

Circuit A B C 

Priorities Priority 5 Priority 4 Priority 3 Priority 2 Priority 3 Priority 1 Priority 2 

Waiting time 

(minutes) 

240 120 60 15 60 
Medical attention 

immediately 

 

In the ED visits, the patient can do some medical tests and the request of these test can be influenced 

by the priority assigned to the patient. Thus, resource consumption, i.e., medical tests performed by the 

ED patients, are also evaluated in this thesis, inside each priority level. Based on the historical data 

recorded from the ED of CHN, the resources most used in the ED are:  

• X-Rays; 

• CT Scans; 

• Electrocardiograms (ECGs); 

• Blood Tests. 

Historical data recorded also shows higher requirements of a Specialist in the ED, which is a 

participation of a specialist physician, regarding the diagnosis of the patient, after the evaluation of the 

ED physician (Sánchez & Pérez, 2014). Thus, besides the resources mentioned, the “specialist 

requirement” during the ED visit is also evaluated in this thesis and considered as a resource.  

Aged patients tend to present more complex cases in the ED and to have a higher consumption of 

resources (Liu, et al., 2017). Based on that, in this thesis, the ED patients are characterized according 

to the age and gender (demographic characteristics). Furthermore, the priority level assigned (on a scale 

of 1 to 5), and the resources consumed in the ED (X-Ray, CT Scans, ECGs, Blood Tests and specialist 

requirements), are also evaluated. The following section presents the historical data recorded about the 

ED of CHN. 
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2.3 Current ED patients of CHN 

Historical data recorded shows the details of the patients that visited the ED of CHN. The data displays 

the patients’ age, gender, priority level assigned in the triage interview and resources consumed during 

visit. Figure 2.4 shows the yearly number of ED visits in 2015-2017, where a general increase in demand 

between 2015 and 2016 is evident. 

 

 

 

 

 

 

 

 

Besides the differences between the genders in the ED visits for each year, Figure 2.4 shows a general 

increase in the ED visits for both genders. Furthermore, it is evident that there are more male than 

female visits in this ED, which means that the analysis of the populations’ gender is also an important 

point to characterize the ED visits, since the evolution for both genders is different throughout the years 

recorded. 

Regarding the patients’ age, it is also an important characteristic to consider in the ED visits, since it is 

an important factor in the triage interview process: aged patients tend to be assigned with higher priority 

levels than the young patients. Associated with this, the patients’ age is also related with the resource 

utilization, since higher priority levels tend to consume more resources in ED. Figure 2.5 shows the 

priorities that were assigned in 2015, 2016 and 2017 according to the patients’ age. 

Priorities 4 and 5 are always grouped in this thesis since there are no enough data that covered the 

patients with priority 5 in the historical data recorded. For 2015-2017, the priorities assigned show almost 

the same fluctuations through the patients’ age. Furthermore, currently the priorities 3, 4 and 5 are the 

ones more frequent in the ED triage of CHN. 

ED visits assigned with Priorities 1, 2 and 3 increase though the patients’ age. On other hand, ED visits 

assigned with priorities 4 and 5 decrease through the patients’ age. Thus, as it was expected, an aged 

ED patient represents a situation with higher level of severity than a young patient, and, as the higher 

priorities are associated with more utilization of resources, an aged patient will spend more resources 

in ED. 
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Figure 2.4: ED visits in 2015, 2016 and 2017, by gender. 
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Based on that, it is expected that in the future, if there is an increase in the senior population in Navarra, 

this increase will be followed by an increase in the aged ED visits, which means that there will also be 

an increase in the severe situations and the resource consumption. Figure 2.6 shows the current ECG 

utilization according to patients’ age and for each gender. 

It is also important to distinguish the consumption of resources by gender. Since there are more male 

visits in the ED, a higher utilization of resources by the male patients should be expected. However, this 
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is not verified for all patients’ ages since the number of resources used in ED is different according to 

the patients’ age and gender.  

Both genders are shown in Figure 2.6: the darkest lines correspond to the male visits and the lighter 

ones correspond to the female visits. The amount of ECG utilization is higher in male visits until the age 

of 80 and after that, this resource is more used during the female visits. On the other hand, there is a 

general increase in this resource utilization throughout the patients’ ages for both genders. This means 

that the patients’ age and gender affect the amount of resource utilization in the ED. The behaviour of 

this plot throughout the patients’ age is also verified for the other resources analyzed in this thesis, which 

suggest that the aged patients consume more resources in the ED than the youngest patients. 

2.4 Population’s evolution in Navarra 

The increase in the ED demand at CHN is also due to the increase of the senior population in the 

Navarra region. Figure 2.7 shows the evolution of the population of Navarra in the past years. The past 

data recorded cover the years from 2009 to 2017 and the data is shown according to the populations’ 

age: the horizontal axis is defined by the representative age of each populations’ age group (for example, 

the age of 2 represents the age group between 0 and 4 years of age and the age of 7 represents the 

age group between the age of 5 and 9). 

Figure 2.7 shows the changes in each age group of the population of Navarra from 2009 to 2017. The 

decrease of the youngest population is evident, where the first age group represents a decrease 

throughout the years. On the other hand, Figure 2.7 also displays the increase in the senior population 

through the years (that is represented in the upper layers of the population pyramid). This is shown in 

the right bars of the graph, where this increase is verified from the age of 40 to 44 (representative age 

of 42).  

Based on the recorded data of the population’s age of Navarra, and if the tendency remains the same 

through the following years, it is expected that the senior population in Navarra will continue to increase. 
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Figure 2.7: Population evolution in each age group of 5 years. 
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If this happens, an increase in the aged patients in the ED at CHN in the future is also expected, which 

will lead to a higher consumption of resources due to the increase in the more severe situations. Based 

on this, it is very important to understand the future demographic transition to provide adequate 

resources in the ED to meet future ED demand. 

2.5 Chapter conclusions 

An increase in the ED demand at CHN in past years due to the aging population in Navarra’s region is 

verified. Planning the required resources of the ED is fundamental to meet the demand. Based on this, 

members of the CHN are very interested in the projections of future ED demand to forecast future 

scenarios of the ED visits. These forecasts are a supportive tool to aid in the decision making, in order 

to provide adequate resources to meet all the needs of future demand.  

This chapter shows how the healthcare units are distributed in the Navarra region and the current 

scenario of the ED demand at CHN, where an increase in the ED visits has been observed throughout 

the past years, as well as an increase in the senior population in this region.  

This thesis is based on these two main concepts: the increase in the ED visits in the CHN and the 

increase in the senior population in the Navarra region. The aim of this thesis is to forecast the future 

ED demand at CHN and to assess the resource capacity in the near future. The idea is to use the 

demographic evolution of the Navarra population to forecast the clinical needs of the future ED patients. 

Based on this, chapter 3 presents some studies found in the literature that relate to the demographic 

changes as well as in the demand for healthcare departments. 
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3 Literature Review 

Studies that forecast the future patients’ demands associated with the demographic characteristics of 

the patients are discussed in this chapter. The literature found does not only focus on the ED but also 

on other hospital departments, that evaluate the patient’s demographic characteristics as an important 

factor to forecast future demand. Section 3.1 shows how the demographic transition can be used to 

predict future demands in some healthcare departments, and section 3.2 specifies the demographic 

transition in the ED context. 

To forecast future demand based on the demographic characteristics, it is necessary to understand the 

demographic characteristics of the general population throughout the years. Based on that, section 3.3 

covers the methodologies found in literature to forecast the demographic characteristics of the general 

population. Furthermore, future demand needs can be met according to the demographic characteristics 

of the patients. For that, it is necessary to relate the demographic characteristics of the patients with 

their needs. Section 3.4 mentions the patients’ characteristics analyzed in other studies and the 

methodologies that are used to evaluate those characteristics. Moreover, methodologies to forecast 

future demands are presented and discussed in section 3.5. Section 3.6 presents some methodologies 

to evaluate the performance of an ED. Finally, section 3.7 concludes the chapter. 

3.1 Demographic transition and future healthcare impact 

Demographic transition is a pattern resulting from the different rates responsible for the population 

growth, such as fertility and death rates (Sterman, 2000). These demographic factors have been widely 

used to study the impact of future healthcare demand. Characteristics and needs of future patients can 

be forecasted based on the age of the future population, by multiplying historical health data of an age 

group by the future population in the same age group, considering that the demand by the age group 

will continue the same (Vrhovec & Tajnikar, 2016). 

Forecasting future healthcare needs according to the patients’ age is very important due to the aging 

population that has been verified. There are several diseases that are related with the patients’ age and, 

knowledge about the evolution of the population’s age in the future can be helpful to predict the incidence 

of several diseases.  Predicting the future incidence of cancer in society is one example. The impact of 

cancer on the future population is one of the most common issues covered by the future demographic 

changes because it helps to plan the future resource consumption associated with this disease and to 

prevent the evolution of cancer (Poirier, et al., 2019). Besides this, as older people have a higher 

probability of developing cancer, forecasting the future senior population helps to forecast the future 

cancer impacts on society (Liu, et al., 2019). Furthermore, as cancer disease is related with surgery, 

predicting the impact of this disease can help to forecast the number of surgeons required by future 

patients with cancer (Ellison, et al., 2018). Besides cancer, the future impact of other diseases can also 

be achieved based on population characteristics. Demographic transition can be used to forecast 

incidence and the  future impact of osteoarthritis (Turkiewicz, et al., 2014), diabetes (Panton, et al., 

2018) and strokes (Faiz, et al., 2018) in society.  
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This section focuses on some studies that use the demographic transition as a factor to forecast the 

incidence of several diseases and forecasting the incidence of future diseases is an important issue to 

predict future healthcare demand. Thus, projection of future ED patients can also use the population 

transition as a factor to predict future demand.   

3.2 Demographic transition and ED impact 

ED demand has been increasing worldwide as has the senior population and some studies associate 

the overcrowding in the ED with the increase in the senior population. For example, there is a study that 

uses the ED patients’ age to characterize their needs during the ED visit of the Hospital Taulì de Sabadell 

in Spain (Liu, et al., 2017). In this paper, the number of tests and number of consultations are evaluated 

based on the patients’ age group, where each age group has an interval of 5 years. Figure 3.1 shows 

the average number of tests (left) and average number of consultations (right) according to the patients’ 

age (Liu, et al., 2017).  

Figure 3.1 displays the higher number of tests taken and the higher number of consultations in patients 

with higher ages. Furthermore, priority levels assigned in the triage interview can be affected by the age 

of the patients. Figure 3.2 shows the priority level (urgent or non-urgent) according to the patients’ age 

in the Hospital Taulì de Sabadell (Liu, et al., 2017). 

 

 

 

 

 

 

 

Figure 3.1: Average number of tests versus patients’ age (left) and average consultations versus 
patients’ age (right) (Liu, et al., 2017). 

Figure 3.2: Patients' priority according to their age 
(Liu, et al., 2017). 
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With the display of the priority levels according to the patients’ age, it is possible to conclude that aged 

patients are assigned with more severe situations (dark bars) than the youngest patients, and the 

youngest patients are assigned with less urgent situations (light bars).  

With this type of studies, the demographic transition can be very useful to predict the future requirements 

in the ED, such as the number of medical tests and consultations as well as the priorities expected to 

be assigned in the future. Since the demographic characteristics of the patients affects the level of 

severity in the ED visit and the resources consumed, and the patients are members of the general 

population, section 3.3 shows the methodologies found in the literature to project the demographic 

characteristics of the general population. This projection is then used to forecast the demographic 

characteristics of the future patients.  

3.3 Population Projection methodologies 

To meet future patients’ needs it is necessary to understand the evolution of the demographic 

characteristics of the general population, since these characteristics show the needs of the future 

population while patients. Thus, it is necessary to perform a projection of the future population and, 

according to the literature, this projection can be achieved using different methodologies. Table 3.1 

summarizes a set of studies that use the population projection as a key to project the future specific 

patients and the methodologies that they used to perform the projection. The column “Future projection 

to be achieved by the study” means the future projection to be reached with the study of the population 

projection. 

Table 3.1: Methodologies implemented to predict demographic characteristics of future population. 

Study 
Future projection to be 

achieved by the study 

Methodologies 

Cohort 

component 

method 

Recorded 

data 

Statistical 

methods 

System 

Dynamics 

Simulation 

(Coward, et al., 2019) Prevalence of IBD  X   

(Kingston & Comas-Herrera, 2018) Care needs    X 

(Luo, et al., 2018) Lung cancer  X   

(Faiz, et al., 2018) Stroke Mimics  X   

(Stock, et al., 2018) Cancer X  X  

(Chen, et al., 2018) Obesity    X 

(Panton, et al., 2018) Diabetes  X   

(Aboagye-Sarfo, et al., 2015) ED visits  X   

(Turkiewicz, et al., 2014) Osteoarthritis  X   

(Huang, et al., 2013) Kawasaki Disease    X 

(Vickland, et al., 2011) Dementia    X 

(Roskos & Wilber, 2006) ED visits  X   

(Beilman, et al., 2004) Trauma X  X  

This work ED visits X  X X 
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Table 3.1 shows the studies found that use the demographic characteristics projection to perform a 

projection of a specific type of patients, such as future patients with diabetes (Panton, et al., 2018) or 

future patients with lung cancer (Luo, et al., 2018). Furthermore, the projection of future ED patients can 

also be reached based on a population projection and it is evident in some studies (Roskos & Wilber, 

2006), (Aboagye-Sarfo, et al., 2015). All studies mentioned are interested in forecasting future patients 

in order to adapt future resource consumption and to improve the management of the demand. 

• Recorded data 

Some methodologies can be used to achieve the future population projection, such as the recorded data 

method, the cohort-component method, statistical methods or simulation methods. Regarding the 

recorded data, the general population projection is reached using data from statistical offices that 

provides the projection of the demographic characteristics of the future population concerned. With this 

method, it is necessary sometimes to perform data processing on the data recorded to match the other 

data that will be used to perform the projection. For example, there is a study that forecasts future ED 

visits based on the data of the future population projection provided by statistical offices, after the 

compilating of the data in groups of patients with an age range of 5 years, since the ED visits are also 

compiled in groups of patients with an age range of 5 years (Roskos & Wilber, 2006).  

• Cohort-component method 

Regarding the cohort-component method, it is a method where a model is created to study the 

demography evolution, according to the distribution of the ages. Fertility, migration and death rates are 

used in this model to forecast the future population and by changing these rates in the model it is 

possible to achieve different trajectories for the population evolution (Beilman, et al., 2004). With this 

method, it is possible to study the effects of the structure of the population pyramid with the increase or 

decrease of the rates implemented in the model (fertility, mortality and migration rates). The population 

projection achieved with this method can be compared with the population projection achieved by the 

statistics office to see the difference between both and to validate the model created (Stock, et al., 2018). 

Associated with the cohort-component method are the statistical methods. For example, a statistical 

analysis is used to achieve the rates that affect the structure of the population pyramid that are 

implemented in the model, i.e., fertility, mortality and migration rates (Stock, et al., 2018), (Beilman, et 

al., 2004). 

• Simulation 

Finally, simulation is another method used to perform a population projection. Simulation is an approach 

to mimic possible real world situations using an informatic model. Since it is not possible to achieve the 

projection of the population in our real world, simulation is a good method to achieve it. The simulation 

method has three different abstraction levels (Grigoryev, 2018): 

• System Dynamics Modelling: represents discrete items such as products or people by their 

quantities (for example, the spread of a contagious disease model) 
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• Discrete Event Modelling: a sequence of operations that agents perform (for example, 

manufacturing processes); 

• Agent Based Modelling: a model with interaction between the agents with individual behaviours 

(for example, a market model). 

Studies found in the literature that use simulation models to forecast future population characteristics 

use system dynamics methodologies. However, the populations projections performed with this type of 

simulation cover the evolution of the demographic characteristics as well as clinical characteristics, 

which means that the results achieved with these population projections show the demographic and 

clinical characteristics of the future population. For example, to predict the incidence of dementia in 

future populations, a system dynamics simulation model is used, where the fertility, mortality and 

migration rates are added to the model as well as the rates of dementia incidence for each age group 

(Vickland, et al., 2011). Another study uses the system dynamics modelling to project the incidence of 

the Kawasaki disease in future populations. In this case, the incidence of the KD in each age group is 

added to the model (Huang, et al., 2013). Similar methodologies are implemented to forecast the 

incidence of obesity in future populations (Chen, et al., 2018) and to forecast the future care needs of 

the senior population (Kingston & Comas-Herrera, 2018). 

This section presents studies found in the literature that use the population projection to forecast a 

certain type of patient. Section 3.4 shows the patients’ characteristics that are normally considered as 

important to characterize the patients’ needs and how these characteristics are evaluated.  

3.4 ED patient’s characterization methodologies 

A health department can be characterized according to the patients’ characteristics. These 

characteristics can be demographic (age and gender) or clinical characteristics, such as the acuity level 

or type of disease diagnosed. Resource consumption (human or medical tests) for each patient can also 

be another issue to perform this type of characterization. All these features are important to be analyzed 

in a health department in order to aid the forecast of the resource consumption of the future patients.  

The main objective of the characterization of an ED is the adequate planning of the department to meet 

the future demand and to meet the future needs of the population (Diez, et al., 2018). However, inside 

this main objective, each study can focus on a specific issue relating to the characteristics found, to find 

potential sources of ED inefficiency. For example, understanding the characteristics of ED patients that 

are recurrent ED visits (Slankamenac, et al., 2019) or understanding the characteristics of ED patients 

with a certain disease, such as cancer (Hsu, et al., 2018), can motivate the characterization of the ED 

with special attention to these topics, in order to evaluate the impact of these type of patients on the 

ED’s efficiency. 

The patients’ characteristics most used in ED characterization are: the age and gender of the ED 

patients, the priority level assigned, the medical resources used in ED visits, the diagnosis and the place 

the patient comes from. Table 3.2 shows the main characteristics found in the literature that are used to 

characterize ED patients. As many studies focus on the research into the impact of the aged patients 
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on the ED, a column was created, named “Aged patients”, that represents the studies that are focused 

on regarding this subject.  

Table 3.3 shows the methodologies used to perform the evaluation of the patients’ characteristics 

mentioned in Table 3.2. 

Table 3.2: Patients' characteristics used to characterize the ED. 

Study Age Aged 

Patients   

Diagnosis Gender Medical 

Resources  

Priority 

Level 

Region 

(Slankamenac, et al., 2019) X X X X  X  

(Stewart, et al., 2019) X  X X  X  

(Diez, et al., 2018) X       

(Cox, et al., 2018) X X  X   X 

(Gudmundsdottir, et al., 2018) X X X X   X 

(Hsu, et al., 2018) X  X X X X  

(DeMott, et al., 2018) X   X X   

(Or & Penneau, 2018) X X     X 

(Yeniocak, et al., 2017) X   X X   

(Aboagye-Sarfo, et al., 2015) X X  X  X X 

(Keskinoglu & Inan, 2014) X X X X    

(Huang & Choi, 2009) X X X X  X  

(Roskos & Wilber, 2006) X    X X  

(Beilman, et al., 2004) X   X   X 

This work X   X X X  

 

Table 3.3: Methodologies implemented to perform an ED characterization. 

Study Statistical 

methods 

Logistic 

Regression 

Ratio/ Proportion 

estimation 

Regression 

analysis 

(Slankamenac, et al., 2019) X X X X 

(Stewart, et al., 2019)  X   

(Diez, et al., 2018) X  X X 

(Cox, et al., 2018) X X   

(Gudmundsdottir, et al., 2018) X X X  

(Hsu, et al., 2018) X    

(DeMott, et al., 2018) X    

(Or & Penneau, 2018) X  X X 

(Yeniocak, et al., 2017) X    

(Aboagye-Sarfo, et al., 2015) X  X  

(Keskinoglu & Inan, 2014) X    

(Huang & Choi, 2009) X    

(Roskos & Wilber, 2006) X  X  

(Beilman, et al., 2004) X    

This work X  X X 
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Due to the overcrowding of the ED, there has been an increase in the study of the characteristics of the 

ED patients, to find the potential sources of this overcrowding. Thus, the characteristics chosen, should 

be in line with the potential sources that the study wants to analyze: the aging population or the increase 

in patients with cancer are some examples. Based on this, there are different characteristics to be 

analyzed in the ED patients.  

Starting with the characterization of the ED patients associated with the populations’ characteristics 

(demographics), there is a study that analyzes statistically recent trends in the population and 

characteristics of ED visits, based on the hypothesis that the increase in the ED demand is due to the 

population growth and aging (Aboagye-Sarfo, et al., 2015). The characteristics evaluated in this study 

are the patients’ age, gender, region and priority level. Besides this, there is a part of the study that 

focuses on the impact of the aged patients on the ED. Other studies use a similar methodology to 

characterize the ED patients and they found a relation between the patients’ age and their ED visits 

(Roskos & Wilber, 2006), (Beilman, et al., 2004). Thus, the population’s characteristics have an impact 

on the ED demand, and they can be used to forecast scenarios of future demands. 

Therefore, patients’ age is an important factor in the study of the ED characteristics. There is a study 

that performs an analysis of the aged patients in a public hospital in Turkey, since the aged patients 

have higher rates of ED visits when compared with the youngest patients (Keskinoglu & Inan, 2014). 

Thus, the study evaluates two different age groups of patients: one age group covers patients between 

the ages of 65 and 74, and the other age group covers patients aged 75 or more. The results show that 

patients that belong to the second age group have a higher admissions rate in the ED (Keskinoglu & 

Inan, 2014). A similar study evaluates the ED according to the characteristics of the aged patients and 

found that the aged patients are assigned with more severe cases and they require more treatment time 

(Huang & Choi, 2009). This means that the patients’ age is an important factor to be analyzed in the 

characterization of the ED patients. 

Besides population growth and aging, there are other sources for the overcrowding of the ED. One of 

those is the presence of recurrent ED visitors, which can be defined as patients that visits the ED at 

least four times a year (Slankamenac, et al., 2019). Presenting these visitors as proportions and using 

statistical methods, it is possible to evaluate the impact on the ED of these recurrent visitors. 

Furthermore, the study found that being single or unemployed are two common characteristics shared 

by these types of patients (Slankamenac, et al., 2019). Based on these results, it is possible to predict 

future recurrent ED visitors or to create some policies that avoid this situation. 

Moreover, overcrowding of the ED is also mentioned as a consequence of the higher number of patients 

with cancer, since they present some conditions that cause ED visits, such as nausea, fever or infection 

(Hsu, et al., 2018). Based on this, ED patients with a certain disease can be compared with patients 

without the disease, to see the differences between the quantity of the visitors and the resource 

consumption. After the statistical analysis, this study found that there are more older patients with 

cancer, almost 30% of the ED visits are made by patients with cancer and 65% of cancer patients 

performed radiology imaging tests (Hsu, et al., 2018). This means that patients with cancer have a higher 
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impact on the overcrowding in the ED, since they make a lot of ED visits and consume a lot of medical 

resources, spending more time in the ED visit. 

One other cause of characterization of the ED is the presence of mass gathering events that is defined 

as “the concentration of people at a specific location for a specific purpose over a set period of time and 

which has the potential to strain the planning and response resources of the country or community” 

(DeMott, et al., 2018). The study that evaluates this situation, studies the demographics of the patients 

and the resources that they consume in the ED visit and, after statistical analysis, the authors found that 

the ECG is the medical test most used in these cases (DeMott, et al., 2018). Results achieved in this 

study help to predict the future consumption of resources during mass gathering events. 

This section explains the main characteristics found in literature that are used to study the ED patients. 

Some methodologies used to evaluate these characteristics are also shown in this section. Section 3.5 

shows the methodologies implemented to forecast the future ED demand, based on the characteristics 

of the ED patients. 

3.5 Projection of the future patients’ characteristics methodologies 

Predicting future ED patients’ characteristics as well as the incidence of certain diseases in future 

societies, such as diabetes or cancer, are the main reasons to predict the future impact on healthcare 

services. With this type of forecast, it is possible to predict future resource consumption and to manage 

the department accordingly (Ordu, et al., 2019).  

Table 3.4: Methodologies implemented to project the characteristics of future patients. 

Study 

 

Forecast to be achieved 

Methodology 

Forecasting 

techniques 

Regression 

analysis 

Simulation Trends  

(Ordu, et al., 2019) Demand for all specialities X   X 

(Coward, et al., 2019) Prevalence of IBD X   X 

(Faiz, et al., 2018) Patients with Stroke Mimics    X 

(Stock, et al., 2018) Patients with cancer  X  X 

(Luo, et al., 2018) Patients with lung cancer  X  X 

(Kingston & Comas-Herrera, 2018) Population care needs   X X 

(Panton, et al., 2018) Patients with diabetes    X 

(Aboagye-Sarfo, et al., 2015) ED visits    X 

(Turkiewicz, et al., 2014) Patients with osteoporosis    X 

(Beilman, et al., 2004) Trauma demand    X 

This work ED visits  X  X 
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Table 3.4 shows the methodologies found to forecast future demand, where the column named as 

“Forecast to be achieved” shows the objective of each forecast. 

• Forecasting Techniques 

Future demand can be achieved using forecasting techniques, such as autoregressive integrated 

moving averages (ARIMA), exponential smoothing (ES) and multiple linear regression (MLR). A study 

uses these three techniques to develop a forecasting modelling framework for all hospitals acute 

services in order to forecast future demand in each service: ARIMA is a method where the forecasts are 

achieved by means and autocorrelations of the data, ES is a method that gives higher weights to the 

most recent data and MLR is a method that find relationships between the independent and dependent 

variables (Ordu, et al., 2019). The model developed in this study allows the estimation of the demand in 

each service, which is a helpful tool to support the management of each service in order to meet future 

demand accordingly. Another study uses the ARIMA to forecast the future prevalence of inflammatory 

bowel disease (IBD) (Coward, et al., 2019). The prevalence of IBD is projected for 2030 and the total 

number of people with IBD can be achieved. For each age group and gender, the prevalence of IBD for 

2030 is multiplied by the population forecasted by statistical offices in the age group and gender 

concerned, where it is found that there will be an increase in the cases of IBD in the future, particularly 

in the senior population (Coward, et al., 2019). 

• Simulation 

Simulation method can also be used to forecast future demands in healthcare departments. A study 

uses a dynamic simulation model to forecast future demographic characteristics and their health 

conditions, such as health behaviours and chronic diseases, where the model covers the aged 

population, gender and the risks factor concerned for each situation (Kingston & Comas-Herrera, 2018). 

The results of this study show an increase in the senior population with more complex care needs 

(Kingston & Comas-Herrera, 2018). 

• Trends (projection based on past behavior) 

Another method is to use the past trends of the demand, to forecast the future demand.  For example, 

it is possible to perform a stroke mimics projection using the incidence rates achieved by the recorded 

data of the stroke mimics, for each age group and gender, and using the population projection (Faiz, et 

al., 2018). This study evaluates the impact of the stroke mimics on the future population with three 

different scenarios: constant incidence rates, a 1% annual decrease in incidence rates and a 1% annual 

increase in incidence rates, where a general increase in stroke mimics in the future is verified, which will 

require an increased more capacity in hospitals (Faiz, et al., 2018). Another study that forecasts future 

cancer patients uses a similar methodology: the number of future cancer cases is forecasted by 

multiplying the incidence rates forecasted by the population (Stock, et al., 2018). Another study uses the 

current prevalence of osteoarthrosis by gender and age group to predict the future prevalence of this 

disease due to the changes in the population (Turkiewicz, et al., 2014). Similar methodology can be 

applied to forecast the future trauma volume: current trauma rates are achieved by consulting past data 

and applied the projection of population created, to estimate changes in the trauma volume (Beilman, 
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et al., 2004). Finally, ED visits cases can also be studied with similar methodologies: the contribution of 

the demographic changes in the ED utilization can be evaluated by forecasting the number of visits, 

using the forecasted population multiplied by the ED visit rate for each age group (Aboagye-Sarfo, et 

al., 2015). This study evaluates the rates for each priority level assigned, which leads to a deeper 

analysis of the impact of the complex cases in the future and the results show an increase in the ED 

visits, particularly in urgent cases and they explain this increase with the population growth and aging 

(Aboagye-Sarfo, et al., 2015). 

This section presents some ways of forecasting future demand and how they are important to help the 

planning and management of the healthcare facilities. Section 3.6 shows some methodologies used to 

evaluate the performance of an ED. 

3.6 Methodologies for the performance evaluation in ED 

ED demand has been increasing worldwide. This fact increases the costs related with healthcare, since 

the increase in the demand leads to the necessity of adapting the resources available to meet future 

demand, such as the number of physicians and nurses as well as the number of medical tests available. 

Furthermore, the increase in the ED demand leads to the overcrowding  that affects the ED performance, 

which compromise the patients’ attendance in a reasonable time (Akkan, et al., 2019). 

Table 3.5: Methodologies implemented to evaluate the performance of the ED. 

Study 
Analytical 

methods 

Agent Based 

Simulation 

Data 

Envelopment 

Analysis  

Discrete Event 

Simulation 

System 

Dynamics 

Simulation 

(Akkan, et al., 2019)   X   

(Easter, et al., 2019)    X  

(Hajjarsaraei, et al., 2018)    X X 

(Nahhas, et al., 2017)    X  

(Liu, et al., 2017)  X    

(Ünlüyurt & Tunçer, 2016)    X  

(Khalifa & Zabani, 2016) X     

(Oh, et al., 2016)    X  

(Azadeh, et al., 2016)   X X  

(He, et al., 2016)    X  

(Kaushal, et al., 2015)  X    

(Tseng, et al., 2015) X     

(Konrad, et al., 2013)    X  

(Silberholz, et al., 2013)    X  

(Mielczarek, 2013)    X  

(Lin, et al., 2012)    X  

(Brenner, et al., 2010)    X  

This work    X  
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The ED should often be analyzed to find possible overcrowding sources and to test new approaches to 

overcome this problem. This evaluation can be performed to evaluate the current situation of the ED 

demand or to evaluate the impact of the future ED demand, that can be forecasted as was shown in 

section 3.5. Based on this, the performance of the ED should be evaluated in order to meet all the 

demand in a reasonable time. Current improvements in this department should be tested to evaluate 

possible paths to improve the efficiency of this department or to take precautions to meet future demand. 

Some methodologies can be used to evaluate the ED’s performance and to test new solutions in this 

department. Table 3.5 shows the methods used to evaluate the ED performance found in the literature. 

• Data Envelopment Analysis 

To evaluate the performance of the ED it is necessary to know the input and output required to perform 

this evaluation, how they are related, and how the output is modified with the input changes. A study 

measures the efficiency of several EDs using Data Envelopment Analysis (DEA) that indicates which 

input and output should be evaluated to study the ED’s performance. According to this study, DEA 

provides an analytical tool that evaluates the effectiveness of decision making units, producing output, 

using input. For example, a study uses as input the level of the ED (measured by the number of beds, 

the number of ED patients and referrals) and the number of beds (since the number of beds in each ED, 

even if it is the same level, is significant different) and as output the number of patients and the number 

of referrals (Akkan, et al., 2019). Another study also uses DEA models to find the best input and output 

to evaluate the ED’s efficiency (Azadeh, et al., 2016). 

• Analytical Methods 

Another way to evaluate the ED’s performance and efficiency is using the analytical analysis. A study 

uses health analytic methods to identify possible areas of inefficiency in the ED and to present some 

potential improvements in this department: an analysis is performed on the recorded data to find 

variables that support the decision making to improve the ED performance (Khalifa & Zabani, 2016). 

After  the analysis of the recorded data of the ED, the objective is to find possible solutions to improve 

the efficiency of the ED. Thus, this study suggest two ways to improve the ED: a fast track for those 

patients with less severe cases and 20% of the bed capacity dedicated to those patients that can stay 

vertical instead of occupying an ED bed (Khalifa & Zabani, 2016). 

• Simulation Methods 

Finally, another method used to evaluate the ED’s efficiency is the use of simulation techniques, since 

the ED is a complex system and it can be modelled using simulation. Simulation has three levels of 

abstraction: system dynamics simulation (SDS), discrete event simulation (DES) and agent based 

simulation (ABS) (Grigoryev, 2018). Of these three levels, the method most used to evaluate the ED 

found in literature is the DES. However, some studies use the ABS to evaluate the ED (Liu, et al., 2017), 

(Kaushal, et al., 2015) and one study uses SDS (Hajjarsaraei, et al., 2018). 

Regarding the studies that use DES, there is a study that models the ED at the University of Colorado 

Hospital, to design efficient EDs by measuring the impact flow and physical design interventions (Easter, 
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et al., 2019). The model implements the ED layout, the medical staff, the patients’ characteristics (age, 

gender and complaint) and the resources consumed in the ED and the output achieved by the model 

refers to the length of stay, bed utilization rate, number of movements per patient among others (Easter, 

et al., 2019).  

Another study develops a DES model to identify required resources and staffing capacity of a planned 

urgent care centre, based on the number of procedures and examination rooms and staff. The study 

tests five different scenarios, with flexible rooms and flexible staff (Nahhas, et al., 2017). An ED 

represented in a simulation model can also contribute to optimizing the process flow, resource allocation 

and operational policies. The arrival pattern of the ED patients, the priorities assigned and the resource 

consumption in the ED visit (such as blood tests, ultrasounds, X-Rays and CT Scans) can be used in a 

simulation model to find the causes of the flow delay (Oh, et al., 2016). This study uses a simulation 

model that received the input mentioned and by implementing an optimization of the staff and the bed 

capacity allocation, and implementing some operational policies, the results achieved with the model 

show an improvement in the efficiency of the ED (Oh, et al., 2016). 

Besides the general evaluation performed to study the efficiency of the ED, there are studies that cover 

specific issues to deal with the overcrowding of the ED: the number of patients that arrive by ambulance 

(Lin, et al., 2012) and the presence of the residents in the ED (Silberholz, et al., 2013) are some 

examples. 

Patients that arrive by ambulance can also be a source of the overcrowding of the ED, since these 

patients create a huge impact on ED visits. The study that evaluates this issue developed a model that 

evaluates the overcrowding of the ED based on the effectiveness of different ambulance diversion: the 

model inputs are the ratio between the ambulatory patients and the patients that arrive by ambulance, 

the association of a utilization of resources with each priority level and an admission rate; the model 

outputs are the level of overcrowding, the average patient waiting time for the service and the quantity 

of patients that exceed their time limit to be attended (according to the priority level concerned) (Lin, et 

al., 2012).  

Regarding the presence of residence physicians in ED, they can be a source of inefficiency in this 

department. A study evaluates the impact of the resident physicians on the ED’s efficiency (Silberholz, 

et al., 2013). This study uses historical data to implement in the simulation model the arrival pattern and 

the severity of the patients to achieve the effect of residents on the ED’s efficiency (waiting times, 

throughputs and total time in the system). The results of this study show that the presence of resident 

physicians in the ED does not have a negative impact on the ED’s efficiency: the residents help to 

decrease waiting times in most severe cases and increase the throughputs (Silberholz, et al., 2013). 

Thus, simulation models can also be helpful to overcome some wrong ideas about the potential sources 

of overcrowding. 

This section shows the methodologies that can be used to evaluate the ED’s efficiency. DES is the 

method most used to evaluate the ED’s efficiency and, in this section, some input and output is shown 
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that can be used to evaluate the ED with a simulation model, as well as the possible scenarios that can 

be created with this method. Section 3.7 shows the main conclusions of this chapter. 

3.7 Chapter conclusions 

This chapter discusses the literature that use patients’ demographic characteristics to forecast the needs 

of the future patients. To achieve that, it is necessary to perform a population projection for the future 

characteristics of the general population. For that, it is a good approach to use a method where it is 

possible to change the rates that influence the structure of the population pyramid. With this, it is possible 

to create different trajectories for the population evolution. In addition, simulation with system dynamics 

has been applied in population evolution studies combined with the evolution of some chronic diseases, 

where the demographic rates (fertility, mortality and migration) combined with the incidence rates of the 

diseases are applied in the system dynamics model (Huang, et al., 2013). Regarding the 

characterization of the ED patients, the main characteristics evaluated in ED patients to study the 

characteristics of the visitors are the demographic characteristics (age and gender), the priority level 

assigned, the region of the patients, the resources consumed and the diagnosis. The characteristics 

chosen are normally evaluated according to statistical methods to relate the demographic of the patients 

to their clinical characteristics. Based on this and having the projection of the demographic 

characteristics of the future population, it is possible to forecast future ED demand and the patients’ 

needs in the ED. Thus, by forecasting the future demand, it is possible to plan and manage the future 

resources required to meet needs of the future demand. 

Finally, the ED’s efficiency can be measured with different methodologies but the DES is the most used. 

Simulation allows the creation of multiple scenarios by changing the input implemented in the simulation 

model, which enables different scenarios to be tested. Moreover, simulation models are well received 

by the ED managers since they are helpful for planning some strategies to improve the ED and to 

achieve a high quality in patient care and resource allocation (Oh, et al., 2016). Furthermore, it is 

possible to create ED simulation models to study specific issues, such as the impact of the patients that 

arrive by ambulance (Lin, et al., 2012) or the impact of the resident physicians in the ED (Silberholz, et 

al., 2013).  

Chapter 4 introduces the methodology developed in this thesis, to achieve the number of future ED 

patients and their needs in the ED and to study the impact of the future demand on the ED’s efficiency. 
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4 Methodology 

The main goal of this thesis is to forecast the future ED demand to assess the resources capacity in the 

ED at CHN in the near future. This chapter introduces the developed multimethodology which includes 

four steps, with different objectives and methods. Each one of these steps makes a contribution to 

forecasting the future ED demand. Section 4.1. represents the multimethodology overview, where the 

input and output for each step is described and how they are related to each other. The following sections 

(4.2-4.5) explain the four steps used: the details about the methodology of each step are explained in 

the corresponding section. Finally, section 4.6 concludes the chapter. 

4.1 Methodology overview 

The multimethodology developed in this work includes four steps, represented in Figure 4.1, where each 

one makes a contribution to forecasting the future ED demand. Based on that, this section shows the 

path of each step to reach the individual goal: the methodology, the input and output.  

In the ED visit, the patient has a level of severity that specifies how long the patient can wait for medical 

attention. This level of severity is defined during triage. Furthermore, the patient can do some tests in 

that ED visit, such as X-Rays, CT scans or others, which are considered as resources. This thesis 

characterizes each patient’s visit with a priority level and the resources used in that visit, based on the 

age and gender of the patient. The idea is to apply these characteristics in future population projections. 
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2. Characterization of 

current ED visits 
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Figure 4.1: The four steps implemented in this thesis. 



26 
 

To forecast future ED patients and the resources required for that demand, it is necessary to forecast 

future population, characterize current patients according to the demographic characteristics and 

medical needs, forecast the needs for the future patients and use the future needs to assess the 

resource capacity of the ED.  

Each step uses different methodologies. Table 4.1 represents the input and output for the different steps, 

and the methodology implemented in each one. Each step has its specific methodology, however, some 

of them need the output of the previous steps. This dependency is shown in Table 4.1, where the same 

colour represents the same values: the input of step three is the output obtained in steps one and two 

(orange and blue colours, respectively); the input of step four includes the output of step three (green 

colour).   

Table 4.1: Input, output and methodology implemented in each step of this thesis. 

Step/ Goal Input Methodology Output 

1. Population 

Pyramid Projection 
Current population pyramid Simulation Future Population Pyramid 

2. Characterization of 

current ED visits 
Current ED visits 

Ratio/Proportion method 

and regression analysis 

Regressions (for each gender) 

between patients’ age and ratios 

for ED visits, priorities and 

resources 

3. Projection of future 

ED visits 

Future Population Pyramid  

Regression analysis 
Future ED visits by priority and 

future resources consumption 

Regressions (for each gender) 

between patients’ age and 

ratios for ED visits, priorities 

and resources 

4. The impact of 

future patients on 

the ED 

Future ED visits by priority and 

future resources consumption 
Simulation Future ED requirements 

 

Besides the relation between some steps, the methodology implemented in each one is different. The 

following sections (4.2-4.5) explain each methodology described in more detail. 

4.2 Population Pyramid Projection 

The first step of this study is the projection of the future population pyramid. This projection is performed 

using a simulation model. Sections 4.2.1-4.2.3 explain the processes considered to obtain the population 

pyramid projection. Section 4.2.1. describes the simulation model developed to forecast the future 

population pyramid and is followed by the mathematical model used in this simulation model, in section 

4.2.2. As this simulation model developed can be applied to forecast any future population pyramid, 
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section 4.2.3 focuses on the population of Navarra case, where how the input used in the simulation 

model are obtained is explained and how it is implemented in the simulation model and the model 

validation. 

4.2.1 Simulation model to project the future population pyramid 

A population pyramid is a structure that divides the population by gender, male and female, and by age 

group (Sterman, 2000). The objective of this first step is to obtain the future population pyramid and for 

that, a simulation model is used to study the population evolution throughout the years. 

One way of representing a real system is by using the simulation modelling. A simulation model is a 

representation of a real system where it is possible to make changes without being too expensive or too 

dangerous (Grigoryev, 2018). Thus, a simulation model is used to project the evolution of the population 

pyramid throughout the years, since it is not possible to create this scenario in our real world. 

The tool used to perform this simulation is the Anylogic simulation software since it can perform 

simulation with system dynamics. System dynamics simulation is a simulation method that can represent 

discrete items by their quantities (Grigoryev, 2018): in the present model, each age group and each 

gender of the population pyramid is defined as a discrete item with a certain quantity. Each age group 

is represented in a pyramid layer and each layer has two different quantities, one for each gender.  

Furthermore, the simulation model assumes that the pyramid’s layers have intervals of 5 years each 

and the last layer considered is related to the population of at least 100 years of age. For example, a 

person who is 105 years old belongs to the last pyramid layer. In the present model, the population in 

each pyramid layer is defined as quantities. These quantities are represented in Anylogic as stock (one 

for each gender) and they are represented in Figure 4.2 as the blue rectangles on the right side. 

 

Figure 4.2: Layer of the population pyramid represented in the Anylogic simulation model. 
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Inside each stock, the quantities variations are due to a set of flows , that are associated with the stocks, 

represented in Figure 4.2 with white arrows. These flows represent quantities that can be added or 

removed to the stock concerned. Besides the stock and flow, the present model uses others Anylogic 

tools, where the function of each one is described in Table 4.2. 

Table 4.2: Anylogic tools used to implement the simulation model of the population evolution, and their 
respective utilization (The Anylogic Company, 2018). 

Anylogic tool Function Utilization in the simulation model 

 Stock is the static part of the system and 

represents the quantity level. This tool adds 

and removes quantities that arrive and leave 

the stock by flows. 

It represents the population in each age 

group of the population pyramid, for each 

gender. 

 Flows  represent the dynamics of the system. 

They are responsible for adding and extracting 

quantities to and from the stock. 

• Births 

• Deaths 

• Migrations 

• Maturations 

 Parameter is a characteristic. The parameter is used to define the initial 

quantity in the stock (the initial population, 

before the simulation). 

 Table Function is a table with two columns, 

where the Anylogic applies the values defined 

in the table as on XY plot. 

Vertical axis values: 

• Fertility Rate 

• Death Rate 

• Migration Rate 

Horizontal axis values: 

• Time (years) 

 

As each stock represents the population for each age group and for each gender, the simulation model 

has two diagrams, one for each gender, where each diagram has as many stocks as pyramid layers. 

Thus,  each diagram has 21 stocks, where the first stock corresponds to the age group of 0 to 4 years, 

the second stock represents the age group of 5 to 9 years and so on until the stock 21 that represents 

the population that is at least 100 years of age. 

The first four stocks and the respective flows of the female diagram are represented in Figure 4.3. The 

full simulation model with both diagrams used to project the population pyramid is shown in Figure AA1 

and in Figure AA2 attached in Appendix A. 
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Anylogic tools used in the simulation model are named by the gender and layer concerned. For example, 

the stock named as “Female2” corresponds to the female population in population pyramid layer 2 (age 

group of 5 to 9 years) and the flow named as “F_mig2” means the female population that is migrant in 

layer 2 of the pyramid. 

Flows can add quantities to or extract them from the stock concerned. These quantities vary depending 

on the quantity of the stock as well as the rate associated with that flow. These rates are implemented 

as Table Functions in Anylogic because they can assume different values over the years. Each flow has 

different rates because it is considered that the rates are different between genders and between age 

groups. Thus, there are many rates as flows implemented, except for the fertility rate (this is explained 

in Section 4.2.2). 

The Table Functions implemented in the simulation model are shown in Figure 4.4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3: Model used to represent the first four layers of the female population pyramid. 

Figure 4.4: Table Functions implemented in the simulation model. 
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The values used in these Table Functions and in parameter tool are implemented in an Excel file that is 

connected to the Anylogic model. The parameter tool represents the initial population in each stock, i.e. 

the initial population in each gender and in each layer.  

Section 4.2.2 shows the mathematical model associated to the flows of the simulation model: since the 

flows represent the dynamics of the system, they have mathematical equations associated to them. 

4.2.2 Mathematical model 

This section explains the mathematical equations used in the simulation model that allows the evolution 

of the population pyramid. The simulation model has 21 stocks for each gender and each stock has a 

set of flows defined as deaths, migrations and maturations and is due to these flows that the population 

pyramid structure change through the years.  

In Anylogic, when the tool flow is used, it generates a formula (associated to the flow). This formula 

represents the value that is added or extracted to the stock. As the flows have different meaning in the 

stock, the formulas used in each flow are also different. Figure 4.5 shows the flows and respective 

formulas associated to the stock “Female2”. 

 

Regarding to the other stocks for the female population, they have other flows where the formulas 

implemented are the same as the ones represented in Figure 4.5, with the changes of the respective 

layer number and respective rates. For the male population, it is applied the same equations with the 

respective changes. 

Flows are formulated as: 

• Maturation: it is the quantity of population that belongs in the stock that mature for the next 

stock in the end of the year. With exception of the first and last stock, each stock  has two types 

of maturations: the one that comes from the previous stock (adding flow) and other that goes to 

the next stock (extract flow). 

The present simulation model assumes that the average residence time of the population in the 

stock is the number of years that each stock represents, which is 5 years (Sterman, 2000). 

Figure 4.5: Mathematical formulas implemented in the flows of the model (right) for the female 
population in layer 2 (left). 
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Therefore, considering i as the layer of the female population, the maturation that leaves the 

stock “Female(i)” is formulated as follows: 

FemaleMaturation(i) =
Female(i)

5
 

(4-1) 

The maturation that arrives at the stock “Female(i)” is an adding flow and corresponds to one 

fifth of the female population of the previous stock. Thus, the maturation that arrives at the stock  

“Female(i)” is formulated as: 

FemaleMaturation(i − 1) =
Female(i − 1)

5
 

(4-2) 

• Deaths: it is the amount of the population that belongs in the stock that dies during the year. 

This quantity is the result of the population in the stock multiplied by the death rate of that stock, 

that is the ratio between the deaths and the population in that stock (Pordata, 2018). 

Thus, the quantity of deaths for the female population in layer i, that is extracted to the stock i 

every year is formulated as: 

FemaleDeath(i) = Female(i) × FemaleDeathRate(i) (4-3) 

Where the “Female(i)” is the female population in layer i and “FemaleDeathRate(i)” is the death 

rate associated with the female population in layer i.  

• Migration: net migration is the difference between immigrants and emigrants. The migrations 

of each stock are the amount of population in the stock concerned multiplied by the migration 

rate of that stock (Pordata, 2018).  

For example, for female population in layer i, the migrations are formulated as: 

FemaleMigration(i) = Female(i) × FemaleMigrationRate(i) (4-4) 

Where “Female(i)” and “FemaleMigrationRate(i)” represent the female population in layer i and 

female migration rate of layer i respectively.  

Regarding the stocks that represent the male population, the flows are formulated in the same 

way with the respective changes.  

The last stock of each gender’s diagram does not have the next maturation flow as the population that 

belongs to this stock does not mature for the next one: this last stock covers the population aged 100 

years or over and there is no other stock after this one.  

Regarding the first stock of the model, it does not have the previous maturation flow. This stock 

represents the population that belongs to the first layer of the population pyramid. Thus, the previous 

maturation flow is replaced by the birth flow. 

• Births: the number of births is the quantity added to the first stock of each gender: for the female 

diagram, it represents the female births and for the male diagram, it represents the male births. 

To obtain the total births, it is necessary to know the fertility rate and the female population that 

is in childbearing years. The total fertility rate is the average number of children that a woman 

will have during her childbearing years (the period when a woman can have children) and the 
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childbearing years are considered to be those between 15 and 49 years of age (Sterman, 2000). 

The fertility rate is different in each childbearing year and it is necessary to know the specific 

fertility rate for each age group. 

The age-specific fertility rate (ASFR) of a specific age group, is obtained by dividing the number 

of births whose mothers belong to that age group in a given year, by the total number of women 

that belong to that age group in the same year (United States Census Bureau, 2018): 

ASFR(i) =
Births with mothers in the age group (i)

Female Population in the age group (i)
  (4-5) 

Thus, the number of births per year is estimated by (United States Census Bureau, 2018): 

Births = ∑ ASFR(i) × FemalePopulation(i)

10

i=4

 
(4-6) 

The summation starts at pyramid layer 4 and ends in pyramid layer 10 because it corresponds 

to the childbearing years (from 15 to 49 years of age). The yearly number of births in the 

simulation model is controlled by the female population in childbearing years and by the total 

fertility rate. This rate is obtained by the sum of ASFR by five years age group multiplied by 5, 

once each layer is composed by 5 years age (Pordata, 2018) and the total fertility rate is 

formulated as: 

Total Fertility Rate =  5 × ∑ ASFR(i)

10

i=4

 
(4-7) 

Therefore, it is possible to obtain the total number of births per year that are added to the first 

layers of the pyramid.  

However, as the simulation model has one diagram for each gender, it is necessary to have the quantity 

of female births and male births, to add to the first stocks of each diagram. 

To know the number of babies of each gender per year, a statistical test based on the past births of the 

Navarra’s population is performed, since this is the region of the study. The results show that it is 

possible to assume that the female births represent half of the total births. Thus, the flow that is added 

to the first stock of the female diagram represents the total births multiplied by 0.5, and the flow that is 

added to the first stock of the male diagram is also obtained by multiplying the total births by 0.5. The 

results of this statistical test are shown in Table AB1, Figure AB1 and Figure AB2 of Appendix B.   

All rates used in the flows of the simulation model (fertility rates, death rates and migration rates) can 

be different between genders, between layers and between simulation years and they are introduced in 

an Excel file that is connected to the Anylogic model. Thus, the population pyramid projection depends 

on these rates and they can be changed to obtain multiple population trajectories, or to study the 

evolution of other populations by changing the initial population implemented as the rates concerned. 

As this thesis is focused on the Navarra’s region, Section 4.2.3 intends to explain how the rates used to 

project the future population pyramid of Navarra are obtained. 



33 
 

4.2.3 Case study: Population Pyramid Projection of the Navarra region 

The simulation model created to project the future population pyramid is applied in the context of the 

Navarra region. Thus, the simulation model needs the input of this specific population. This section 

explains the acquisition of the data required to perform this projection: initial population, fertility rate, 

death rates and migration rates of the Navarra region. Furthermore, this section also covers the 

validation of the simulation model in this specific context and the scenarios created for the population 

projection.  

4.2.3.1 Data acquisition 

The simulation model developed to project the population pyramid has as input: the initial population 

and the rates that are associated with the flows of each stock: death and migration rates, that can be 

different for each gender, for each layer and for each simulation year. Moreover, the fertility rate is also 

an input of the model and it can also be different between simulation years.  

The input used in the model are from (na)stat- Instituto de Estadística de Navarra, which had collected 

the past population pyramids of the Navarra’s region, as well as the deaths, births, immigrations and 

emigrations, for each age and gender. As the most updated data common to these categories belongs 

to the year of 2016, the data used to obtain the input of the model (initial population and rates) are from 

2016. Each input is obtained as follow: 

• Initial Population: the value for each stock is obtained from the population pyramid of Navarra 

collected for 2016 (each stock is a layer of the pyramid, for each gender). 

• Death Rates: the deaths registered for the year of 2016 in Navarra, were grouped in groups of 

people with an age range of 5 years (like the structure of the population pyramid). To obtain the 

death rate of each age group, the ratio between the deaths of that age group by the total 

population in that age group was calculated (Pordata, 2018). 

• Migration Rates: the immigrations and emigrations registered for 2016 in Navarra were 

grouped by groups of population with an age range of 5 years. The number of migrants for each 

age group is obtained by the difference between the immigrants and emigrants, which means 

that this value can be positive or negative. The migration rate is obtained by dividing the number 

migrants of an age group by the total population of that age group, which can also be positive 

or negative (Pordata, 2018). 

• Fertility Rate: the fertility rate for the year of 2016, is obtained by multiplying the sum of all 

ASFR for 5 (Pordata, 2018). Table 4.3 shows the ASFR and the Total Fertility Rate for the year 

of 2016 in Navarra. 

Death and migration rates implemented in the simulation model, for each gender and for each layer, to 

project the future population pyramid of Navarra’s region are shown in Table AC1 of Appendix C, as well 

as the initial population for each gender and for each layer. The simulation model can project the 

population pyramid until any year. In this thesis, the model runs until the year of 2030 to achieve the 

population pyramid for this year.    
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Table 4.3: Fertility Rate for the population of Navarra in 2016 (data from (na)stat). 

Age group Female Population Nº of births ASFR Total Fertility Rate 

[15,19] * 15402 103 0,00669 

1,43 

[20,24] 14943 326 0,02182 
[25,29] 16288 879 0,05397 
[30,34] 20195 2150 0,10646 
[35,39] 25114 1982 0,07892 
[40,44] 25930 418 0,01612 

[45,49] ** 24849 36 0,00145 

Total 142721 5894 0,28542 

* Includes one birth with the mother’s age of 14 years 

** Includes one birth with the mother’s age of 50 years 

4.2.3.2 Model validation 

When a simulation model is developed, it is necessary to validate that model. Validation is a process of 

the simulation model development, where the results of the validation show if the model can be used to 

represent the system concerned and verify if the objectives of the study can be achieved (Law, 2015). 

To validate the present simulation model, the model runs for one year, i.e. from 2016 until 2017, where 

the input is obtained from the data of the Navarra region in 2016. Thus, the results obtained with this 

simulation represent the population pyramid of the Navarra region in 2017. To validate the present 

model, the population pyramid of 2017 achieved with the simulation model is compared with the 

population pyramid of Navarra in 2017 that is provided from (na)stat. Both pyramids, the pyramid 

achieved with the simulation model and the pyramid provided by (na)stat for the Navarra population in 

2017 are shown in Figure 4.6. 

 

Figure 4.6: Population pyramids structure for 2017: real data (left) and results obtained with the 
Anylogic model (right). 
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Figure 4.6 shows the structure of the population pyramid of the Navarra region for 2017: on the left side 

is the population pyramid of 2017 provided by (na)stat and on the right side is the population pyramid 

for 2017 obtained with the simulation in Anylogic. The structure obtained with the simulation model is 

very similar to the population pyramid recorded by (na)stat for 2017.  

The values for each layer of both pyramids are shown in Table 4.4 as well as the absolute error (module 

of the difference between the real result and the simulation result) and relative error (division between 

the absolute error and the real result) for each layer and each gender between respective values.  

Table 4.4: Errors between real and simulation results. 

Age group 
Real Results Anylogic Results Absolute error Relative error Relative error (%) 

Male Female Male Female Male Female Male Female Male Female 

[100+] 37 218 94 350 57 132 1,541 0,606 154,1 60,6 

[95,99] 359 1143 491 1379 132 236 0,368 0,206 36,8 20,6 

[90,94] 1793 4565 1964 4540 171 25 0,095 0,005 9,5 0,5 

[85,89] 4967 8759 4916 8572 51 187 0,010 0,021 1,0 2,1 

[80,84] 8384 11718 8037 11420 347 298 0,041 0,025 4,1 2,5 

[75,79] 9241 11345 9771 11945 530 600 0,057 0,053 5,7 5,3 

[70,74] 13811 15115 13548 14811 263 304 0,019 0,020 1,9 2,0 

[65,69] 16139 16919 16181 17028 42 109 0,003 0,006 0,3 0,6 

[60,64] 18226 18387 18276 18409 50 22 0,003 0,001 0,3 0,1 

[55,59] 21644 21362 21609 21344 35 18 0,002 0,001 0,2 0,1 

[50,54] 24414 23813 24431 23634 17 179 0,001 0,008 0,1 0,8 

[45,49] 26500 24937 26382 25065 118 128 0,004 0,005 0,4 0,5 

[40,44] 27906 26310 27354 25830 552 480 0,020 0,018 2,0 1,8 

[35,39] 25403 24560 25536 24280 133 280 0,005 0,011 0,5 1,1 

[30,34] 19531 19045 19847 19658 316 613 0,016 0,032 1,6 3,2 

[25,29] 16355 16089 16686 16320 331 231 0,020 0,014 2,0 1,4 

[20,24] 15930 15378 16107 15415 177 37 0,011 0,002 1,1 0,2 

[15,19] 16434 15761 16474 15889 40 128 0,002 0,008 0,2 0,8 

[10,14] 17321 16619 17308 16565 13 54 0,001 0,003 0,1 0,3 

[5,9] 18136 17109 17803 16987 333 122 0,018 0,007 1,8 0,7 

[0,4] 16140 15411 16399 15668 259 257 0,016 0,017 1,6 1,7 

 

The relative error is small for all layers and for both genders except for the last layer of the pyramid (the 

layer that represents the population who are at least 100 years of age). However, in general, as the 

results obtained are small, the simulation model developed in Anylogic is considered to forecast the 

future population pyramid. Section 4.2.3.3. explains the scenarios created for the population projection 

of Navarra region. 

4.2.3.3 Scenarios tested 

The simulation model created to perform the projection of the population is flexible enough to create 

different trajectories of the population evolution. The change in the population pyramid structure is due 
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to a set of rates (fertility, death and migration) that can be different between layers, genders and years. 

Thus, different projections of the population pyramid of Navarra region can be obtained with the present 

simulation model, by implementing different rates. Since the most recent data from the demographics 

of Navarra region is from 2016, the projection of the population pyramid starts in this year: the initial 

population and the initial rates implemented are from the same year.  

Four scenarios for the population projection are created by implementing different rates in each 

simulation, in order to achieve four different projections for the population pyramid of Navarra for 2030: 

1. Scenario 1: this is the base scenario. The population dynamics does not change through the 

simulation years, i.e., fertility, death and migration rates are the same as the rates found for 

2016. Thus, in each simulation year, the rates implemented in each layer and in each gender 

are the same from 2016 to 2030; 

2. Scenario 2: a gradual increase in the fertility rate through the simulation years is implemented: 

this rate increases until the value of 2.1 is reached as this is the value considered as the 

replacement level (Pordata, 2018). Constant migration and death rates since 2016 are 

implemented in scenario 2; 

3. Scenario 3: the fertility and death rates implemented are constant (rates from 2016), but the 

migration rates are always zero since 2017, for all pyramid layers and for both genders; 

4. Scenario 4: the fertility rate increases gradually until the value of 2.1, the migration rates are 

null since 2017 for both genders and for all layers, and the death rates are constant since 2016. 

This section explains the methodology implemented to project the population pyramid of the Navarra 

region for 2030. As the simulation model created is flexible in the ability to change the input, it is possible 

to test different scenarios by changing the fertility rates, death rates and migration rates. With this 

model’s flexibility, this thesis projects four different population trajectories that are explained in this 

section. Section 4.3 explains the methodology used to characterize the current ED visits at CHN (step 

2 of the multimethodology). 

4.3 Characterization of current ED visits 

The second step evaluates the characteristics of the patients that currently go to the ED. The patients’ 

characteristics studied are: age, gender, priority level assigned, and the resources consumed in the ED 

visits. Based on this, section 4.3.1. explains the patients’ characteristics evaluated in the data recorded. 

Section 4.3.2. explains the sources of the data used in this step. Finally, section 4.3.3 explains the data 

processing and how the regressions between the ratios and the patients’ age are achieved. 

4.3.1 Patients’ characteristics evaluated 

Since the CHN is the main hospital in the Navarra region and it is the hospital with the highest impact in 

this region, a characterization of the ED at CHN is performed. This ED characterization is based on the 

characteristics of the patients (demographic and clinical) that currently go to the ED. For that, past recent 
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data from ED at CHN is recorded. Based on the data recorded, the patients’ characteristics evaluated 

in this thesis are: 

1. Demographic characteristics:  

• Age and gender 

To understand the impact of the patients’ age in the ED it is necessary to consider the demographic 

characteristics of the patients. In this study, each patient is evaluated according to the gender and age 

group, as they are defined in the population pyramid i.e., they are grouped in groups of 5 years of age 

according to the gender concerned. The ED at CHN attends patients with ages equal to or higher than 

15 years. Thus, patients registered with an age of less than 15 years age are not considered in this 

analysis. 

2. Clinical characteristics: 

• Priority Level 

In the ED visit, the patient is assigned with a priority according to the severity level that he presents, and 

this priority is related with the time that the patient can wait until receiving medical attention. In the ED 

at CHN, these priorities vary on a scale of 1 to 5, where level 1 is assigned to a patient that needs 

medical attention immediately and level 5 is assigned to a patient with less severe situations and who 

can wait long for medical care. Both these levels are at the extremes of the range and the intermediate 

levels are assigned when the patients are in the intermediate situations. Thus, patients that do not have 

a priority level registered in the data recorded are not considered. 

• Resource consumption 

In the ED visit, the patient can do some  medical tests such as X-Rays, CT Scans and others that are 

considered as resources. The request for these types of tests can be influenced by the priority assigned 

to the patient. Thus, the resource utilization is studied inside each priority level. There are several 

medical tests that can be performed in the  ED. However, they do not have the same impact on the ED 

since there are some that have few requests. Thus, based on the data recorded, only the most used 

resources in ED are evaluated. Furthermore, due to the high number of specialist requests, the 

requirement of a specialist in the  ED is also considered as a resource. 

To perform the ED characterization, two sources of information are necessary: (1) a database with the 

characteristics of the ED patients in recent years and (2) all of Navarra’s population in the same years. 

Section 4.3.2 explains both sources of information. 

4.3.2 Data acquisition and data organization 

The characterization of the ED at CHN performed in this thesis compares the demographic 

characteristics of the ED patients with the demographic characteristics of the general Navarra 

population. Thus, besides the data provided with the patients’ characteristics, it is also necessary to 

have the characteristics of the general population. The data used to characterize the ED at CHN is 

provided by: 
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• Servicio de planificación, evaluación y gestión del conocimiento del Gobierno de 

Navarra: this office provided the ED data that covers the historical data of the ED visits ( 2015, 

2016 and 2017). The data contains the patients characteristics: age and gender of the patients, 

priority level assigned, and the resources consumed in the ED visit. 

• (na)stat: the past data of the CHN evaluated corresponds to the years of 2015-2017. Based on 

that, the characteristics (age and gender) of the population of Navarra for the same years are 

required and they are provided by (na)stat. 

Based on the data provided by both sources, the evaluation of the patients’ characteristics follows a 

structure with different levels, which is shown in Figure 4.7. This structure means that the ED patients 

are evaluated inside the general population (according to their demographic characteristics), the 

priorities assigned in the ED are evaluated inside the ED visits (according to the priority assigned and 

demographic characteristics) and each resource is evaluated inside each priority level assigned 

(according to the resources registered, priority level assigned and demographic characteristics). Priority 

4 and 5 are grouped because there is not enough data that covers priority 5 visits: few patients are 

assigned with priority 5 in ED at CHN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the hierarchy shown, a ratio/proportion method is performed to process the data. Section 4.3.3 

explains this data processing. 
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Figure 4.7: Structure of the data analyzed in the 
characterization of the ED patients.  

 

 

 

 

 

 

 

 



39 
 

4.3.3 Data processing 

The first idea to analyze the characteristics of the ED patients was to use Minitab software to explore 

the logistical function to have only one equation that relates all the characteristics evaluated. Minitab 

gives information about the regression model obtained and it is possible to conclude if the logistic 

regression model fits the model (Montgomery & Runger, 2011). For this case, it was not possible to 

obtain the logistic function that covers all the information (all the characteristics) required: with the 

logistic function, the patients’ age is not considered as an important factor in patients’ characterization, 

and it is. Therefore, it is decided to find a regression for each gender and for each characteristic studied, 

according to the patients’ age. The data processing is performed until reaching the final regressions as 

shown in Figure 4.8. 

 

The first step of data processing is to group the data according to the patients and population’s ages: 

the data is grouped in in groups of population with an age range of 15 years each [15,29], [30,44], 

[45,59], [60,74], [75,89] and [90,100+]. After that a ratio/proportion method is performed on the groups 

created to achieve the ratios for each characteristic evaluated (this step is explained in more detail in 

sections 4.3.3.1-4.3.3.3).  

The ratios by age are a set of points that are used to obtain regressions between patients’ ages and the 

ratios achieved: a regression is a representation of a set of points where relationships between two 

variables are studied (Montgomery & Runger, 2011). Thus, the regressions are represented in a plot 

where the horizontal axis o represents the patients’ age and the vertical axis the ratio. 

This is applied in the three years analyzed (2015-2017) and an average of the three years analyzed is 

performed, between the values of the same ratios of the different years. Finally, the values that result 

from this average are used to find a final regression. Sections 4.3.3.1-4.3.3.4 detail all the procedure of 

data processing from the ratio/proportion method, until the final regressions for each case are achieved 

(regressions for the ED visits, priorities and resources consumed). 

4.3.3.1 Data processing for ED visits 

• Regarding 2015, the ratios for the visits are achieved by comparing the ED visits and the 

population in the same age group and gender. For example, the ratio of female ED visitors aged 

between 75 and 89 years for 2015 is formulated as: 

Data is 
grouped in 
groups of 15 

years age 
each

Ratio/ 
proportion 

method in the 
groups 
created

Regressions 
for each year 

recorded: 
relations 

between the 
ratios and 

patients' age

Average of 
the three 

years 
analyzed, 

between the 
ratios 

concerned

Ratios 
achieved by 
the average 
are used to 

find the 
regressions

Figure 4.8: Data processing to perform the characterization of the ED patients. 
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𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑓𝑒𝑚𝑎𝑙𝑒 𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟 =

=
ED visits by female aged between 75 and 89 years

female population aged between 75 and 89 years 
 

(4-8) 

• These ratios are obtained for the other age groups, for the male population and for the data 

recorded for 2016 and 2017; 

• The ratios for ED visits according to the age in 2015, 2016 and 2017 are shown in Figure 4.9, 

Figure 4.10 and Figure 4.11 respectively; 
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Figure 4.9: ED visits ratios for 2015. 
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Figure 4.11: ED visits ratios for 2017. 
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Figure 4.10: ED visits ratios for 2016. 
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• After displaying the ratios according to the age, an average of the ratios concerned of the three 

years analyzed (2015-2017) is performed, since the behaviour of the graphs of the three years 

is similar: a general increase in the ratio through the patients’ age in the three years is verified 

and the male plot increases earlier than the female plot in the three cases; 

• Based on the ratios achieved by the average of the three years, they are displayed according 

to the patients’ age, and the best regression to fit each set of points is selected. This regression 

can be linear or nonlinear and it is selected according to the coefficient of determination (𝑅2) 

that accounts for the variability of the data. This coefficient is expressed in terms of a range 

between 0 and 1 for the regression model created: a higher coefficient means that the model 

accounts for more variability of the data (Montgomery & Runger, 2011). Consequently, the 

regression selected is the one with the higher coefficient of determination and an equation that 

represent each set of points is achieved. 

4.3.3.2 Data processing for the priorities assigned 

The methodology used to obtain the final regressions for each priority analyzed is similar to the 

methodology used to achieve the regressions for the ED visits: 

• Regarding the data recorded from 2015, the ratios for each priority are achieved by comparing 

the number of patients with a specific level of priority with the total visits in the same age group 

and gender. For example, for 2015, the ratio ED visitors by female aged between 75 and 89 

years assigned with priority 1 is formulated as: 

𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑓𝑒𝑚𝑎𝑙𝑒 𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠, 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 1 

=
𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑏𝑦 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠, 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 1

 𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑏𝑦 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠
 

(4-9) 

 

• These ratios are obtained for the other age groups, for the male population and for the data 

recorded for 2016 and 2017; 

• After displaying the ratios according to the age, an average of the ratios concerned of the three 

years analyzed (2015-2017) is performed, since the behaviour of the graphs of the three years 

is similar, to achieve only one set of points for each case; 

• Displaying each set of points (the average values for the ratios by patients’ age), the best 

regression that fits in each set of points is selected, according to the coefficient of the 

determination. With this, an equation for each situation is achieved: for each gender and for 

each priority. 

4.3.3.3 Data processing for resource utilizations 

The resource utilization is studied inside each priority, i.e., each resource consumption is evaluated in 

each priority level assigned to the patients. The methodology to achieve the final regressions for each 

gender and for each resource inside each priority is as follows: 
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• Regarding the data recorded from 2015, the ratio is achieved by comparing each utilization of 

each resource in each priority with the total visits in that priority. For example, the ratio of female 

ED visitors by female ages between 75 and 89 years, assigned with priority 1 with an ECG 

performed is formulated as: 

𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑏𝑦 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠, 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 1, 𝑢𝑠𝑒 𝑎𝑛 𝐸𝐶𝐺 = 

=
𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑏𝑦 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠, 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 1, 𝑢𝑠𝑒 𝐸𝐶𝐺

𝐸𝐷 𝑣𝑖𝑠𝑖𝑡𝑠 𝑏𝑦 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑎𝑔𝑒𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 75 𝑎𝑛𝑑 89 𝑦𝑒𝑎𝑟𝑠 𝑎𝑔𝑒, 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 1
 

(4-10) 

• These ratios are obtained for the other age groups, for the male population, for the other 

resources evaluated and for the data recorded for 2016 and 2017; 

• After displaying the ratios according to the age, an average of the ratios concerned of the three 

years analyzed (2015-2017) is performed, since the behaviour of the graphs of the three years 

is similar, to achieve only one set of points for each case; 

• Displaying each set of points (the average values for the ratios by patients’ age), the best 

regression that fits in each set of points is selected, according to the coefficient of the 

determination. With this, an equation for each situation is achieved: for each resource according 

to the patients’ age, gender and priority. 

The average is always performed in the three years analyzed because similar tendencies for all cases 

have been verified and the regressions that result from this average are selected according to the 

coefficient of determination. However, after the average of the ratios of the three years, there are some 

cases where it is not possible to find the final regressions with an acceptable coefficient of determination. 

In these cases, an averaging technique to smooth the data to have better results is performed. Section 

4.3.3.4 explains the averaging technique performed. 

4.3.3.4 Averaging technique 

Although the method used to find regressions that relate patients’ age with the ratio concerned fits in 

almost all cases, there are five sets of ratios that do not lead to an acceptable coefficient of 

determination:  

• female visits that use CT Scans and are assigned with priority 1,  

• female visits that need a consultation with a specialist and are assigned with priority 1; 

• male visits that need a consultation with a specialist and are assigned with priority 1; 

• female visits that do Blood tests and are assigned with priority 4 and 5; 

• male visits that do Blood tests and are assigned with priority 4 and 5. 

It is not possible to find a decent coefficient of determination for these cases due to the fluctuations 

verified in the data set. Thus, a smoothing technique to reduce these higher fluctuations is applied. This 

technique considers these fluctuations as random variations of the data and, with this technique, the 

results are smoother (Ozcan, 2009). 

To perform the averaging technique, the patients’ ages and their characteristics are grouped in intervals 

of 5 years of age in the data from 2015-2017, to have 18 points, and the ratios are achieved for each 
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year. After that, an average of the ratios concerned for the three years is performed leading to a new 

data set with 18 points. Based on this data set, new points are achieved with the averaging technique: 

the original point is weighted with 0.5 and the previous point (the ratio from previous age groups of the 

original point) and the following point (the ratio from the next age group of the original point) are also 

considered and weighted with 0.25 each. Thus, the fluctuations of the original data set are reduced, and 

a new data set for each situation is achieved, with higher coefficient of determination. 

However, after the averaging technique, the new data set achieved for the “ratios for male visits that 

need a consultation with a specialist and are assigned with priority 1” does not have a decent coefficient 

of determination. Thus, it was necessary to obtain two different regressions for this data set: one that 

represents the male population with ages between 15 and 52 and another that represents the male 

population ages between 52 and 104. Besides this, it is also necessary to have two regressions for each 

data set that represents each gender for the visits that need a blood test and are assigned with priorities 

4 and 5: one represents the patients aged between 15 and 42 and the other one represents the patients 

aged between 42 and 104. 

With the data processing described and with this averaging technique, the equations that represent 

patients’ characteristics, for each gender, are achieved. The regressions for each situation are shown in 

section 5.2. Section 4.4 explains how the characteristics of the future patients are achieved. 

4.4 Projection of future ED visits 

This section describes the methodology applied to obtain the characteristics of the future ED visits. At 

this stage, a projection of the future population and the characterization of the current ED patients have 

already been performed, and the idea is to apply the current characteristics of the patients in the 

population projection achieved.  

 

Figure 4.12: General methodology implemented in step 3 of this study. 
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Therefore, the methodology described in this section, applies the results found for the current ED 

patients (equations from regressions) in the future population pyramid. To perform a projection of the 

characteristics of the future ED patients, a set of steps that are explained in Figure 4.12 is necessary. 

The future population pyramid is the result of the first part of the study (purple colour), where four 

scenarios with different population trajectories were created. The results of this projection are explained 

in section 5.1. and they are represented in Table AD1 of  Appendix D. The future population pyramid is 

one of the inputs required in this step as well as the final regressions, that are used to achieve each 

specific ratio (light blue) that characterize the current ED patients. The equations that represent these 

regressions are shown in Table AF1 of Appendix F. 

As the projection of the future ED patients requires the ratios (light blue) achieved by the regressions 

that characterize the current ED visits, it is necessary to extract the ratios from the regressions. Thus, 

each following section (4.4.1-4.4.3), is divided into two subsections: one that explains how the ratios 

from regressions are obtained for each case and another that explains how the projection is achieved 

with the ratios obtained.  

4.4.1 ED visits 

4.4.1.1 Ratios from regressions for ED visits 

The regressions obtained relate the patients’ age with a specific rate, i.e. the x represented in each 

regression represents the patients’ age. Table 4.5 shows the ratios obtained from the regressions of the 

ED visits. 

Table 4.5: Ratios obtained from ED regressions for ED visits, for each gender. 

Representative age 
Ratios from regressions 

Male Female 

102 0,983475 0,720237 

97 0,85113 0,627907 

92 0,729885 0,543427 

87 0,61974 0,466797 

82 0,520695 0,398017 

77 0,43275 0,337087 

72 0,355905 0,284007 

67 0,29016 0,238777 

62 0,235515 0,201397 

57 0,19197 0,171867 

52 0,159525 0,150187 

47 0,13818 0,136357 

42 0,127935 0,130377 

37 0,12879 0,132247 

32 0,140745 0,141967 

27 0,1638 0,159537 

22 0,197955 0,184957 

17 0,24321 0,218227 
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To obtain the ratios for ED visits, it is necessary to replace the x of the female and male regressions 

achieved for the ED visits, by the representative age of each age group: the representative age is the 

middle age of each age group, for example, the representative age of the age group between 25 and 

29 years of age is 27.  

The ratios achieved represent each gender and for each age group, according to the representative age 

of that age group. There are different values for each gender since there are different equations for each 

gender. With the ratios from regressions of the ED visits achieved, it is possible to use them to find the 

future ED visits. Section 4.4.2 explains how the ratios from regressions are used to achieve the future 

ED visits. 

4.4.1.2 Future ED visits 

The ratios obtained from regressions for the ED visits are specific for each age group and for each 

gender. To obtain the future ED visits, it is necessary to multiply the ratio obtained from regressions, of 

each gender and of each age group, by the population projection concerned. For example, the ratio 

obtained from regressions for female ED visits between 25 and 29 years of age (representative age of 

27 years age) is multiplied by the female population projection in the same age group. The population 

projection used is the result achieved with the population pyramid projection. To achieve the future ED 

visits for the other age groups, the methodology is the same and for the male visits as well. 

With this methodology the future ED visits are obtained, for both genders and for each age group i.e., 

the results achieved are displayed as the structure of the population pyramid. The future ED visits are 

different according to each scenario of the population projection. The results for the future ED visits for 

each scenario are shown in section 5.3.1 of the results chapter. 

4.4.2 ED visits by priority 

4.4.2.1 Ratios from regressions for ED visits by priority 

The methodology used to achieve the ratios from regressions for each priority is similar to the 

methodology used to obtain the ratios from regressions of the ED visits. There are regressions that 

represent the ratios for the priorities assigned according to the patients’ age (horizontal axis).  

To obtain the ratios from these regressions, it is necessary to replace the x in these specific regressions, 

with the representative age of each age group. With this, it is possible to achieve the ratios from these 

regressions that represent the ratios for priority 1, priority 2, priority 3 and priorities 4 and 5, for each 

gender and for each age group, since there is an equation for each gender and for each priority. Table 

4.6 shows the ratios obtained from regressions, each priority, for each gender and for each age group. 

With the ratios from regressions for each priority, for each gender and for each age group, it is possible 

to perform a projection of the number of ED visits according to the patient’s age, gender and priority. 

The method used to perform this projection is shown in section 4.4.2.2. 
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Table 4.6: Ratios obtained from regressions for ED visits by priority, gender and age group. 

Ratios from 
regressions 

for: 

ED visits with 
priority 1 

ED visits with 
priority 2 

ED visits with 
priority 3 

ED visits with 
priorities 4 and 5 

Age Male Female Male Female Male Female Male Female 

102 0,024696 0,0214 0,33042 0,35694 0,63994 0,70848 0,0244 0 

97 0,023691 0,0194 0,30307 0,31674 0,61799 0,68008 0,0604 0,00628 

92 0,022636 0,0175 0,27722 0,27954 0,59654 0,65268 0,0964 0,06888 

87 0,021531 0,0156 0,25287 0,24534 0,57559 0,62628 0,1324 0,12748 

82 0,020376 0,0139 0,23002 0,21414 0,55514 0,60088 0,1684 0,18208 

77 0,019171 0,0123 0,20867 0,18594 0,53519 0,57648 0,2044 0,23268 

72 0,017916 0,0107 0,18882 0,16074 0,51574 0,55308 0,2404 0,27928 

67 0,016611 0,0093 0,17047 0,13854 0,49679 0,53068 0,2764 0,32188 

62 0,015256 0,008 0,15362 0,11934 0,47834 0,50928 0,3124 0,36048 

57 0,013851 0,0068 0,13827 0,10314 0,46039 0,48888 0,3484 0,39508 

52 0,012396 0,0056 0,12442 0,08994 0,44294 0,46948 0,3844 0,42568 

47 0,010891 0,0046 0,11207 0,07974 0,42599 0,45108 0,4204 0,45228 

42 0,009336 0,0037 0,10122 0,07254 0,40954 0,43368 0,4564 0,47488 

37 0,007731 0,0028 0,09187 0,06834 0,39359 0,41728 0,4924 0,49348 

32 0,006076 0,0021 0,08402 0,06714 0,37814 0,40188 0,5284 0,50808 

27 0,004371 0,0015 0,07767 0,06894 0,36319 0,38748 0,5644 0,51868 

22 0,002616 0,0009 0,07282 0,07374 0,34874 0,37408 0,6004 0,52528 

17 0,000811 0,0005 0,06947 0,08154 0,33479 0,36168 0,6364 0,52788 

 

4.4.2.2 Future ED visits by priority 

Since the analyses of the priorities is performed inside the ED visits, the projection of the future ED visits 

by priority is achieved by multiplying the ratios obtained from the regressions for each ED visit by priority, 

for the projection of the ED visits of the age group and gender concerned.  

For example, to obtain the projection of the number of female visits between 25 and 29 years of age 

assigned with priority 1, it is necessary to multiply the ratio obtained from regressions, which represents 

the female visits assigned with priority 1 with ages between 25 and 29 years (representative age of 27 

years), by the projection achieved for female visits in the same age group. With this, the number of 

female ED visits with age between 25 and 29 years that will be assigned with priority 1 in 2030, at CHN 

it is achieved. This methodology is applied for the other age groups, for both genders and for the other 

priorities (priority 2, priority 3 and priorities 4 and 5). Thus, the number of ED visits expected in the future 

according to the severity of the patients is quantified. 

4.4.3 ED resource utilization on the ED 

4.4.3.1 Ratios for resources utilization by priority 

The ratios from regressions that characterize the resource consumption are obtained by replacing the x 

with the representative age of each age group in the equations of the that represent each resource 

consumption. Thus, the ratios from regressions, that characterize each resource utilization inside each 
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priority, age group and gender are achieved. For example, the ratios that represent ECG are shown in 

Table 4.7. 

Table 4.7: Ratios obtained from regressions for ECG utilization for each gender, age group and priority. 

Ratios from 
regressions for: 

ECG performed in 
priority 1 

ECG performed in 
priority 2 

ECG performed in 
priority 3 

ECG performed in 
priorities 4 and 5 

Representative 
Age 

Male Female Male Female Male Female Male Female 

102 0,7717 0,76178 0,8308 0,8602 0,6236 0,5714 0,11032 0,1194 

97 0,77195 0,76413 0,8033 0,8282 0,5926 0,5424 0,11322 0,1149 

92 0,7697 0,76498 0,7758 0,7962 0,5616 0,5134 0,11512 0,1104 

87 0,76495 0,76433 0,7483 0,7642 0,5306 0,4844 0,11602 0,1059 

82 0,7577 0,76218 0,7208 0,7322 0,4996 0,4554 0,11592 0,1014 

77 0,74795 0,75853 0,6933 0,7002 0,4686 0,4264 0,11482 0,0969 

72 0,7357 0,75338 0,6658 0,6682 0,4376 0,3974 0,11272 0,0924 

67 0,72095 0,74673 0,6383 0,6362 0,4066 0,3684 0,10962 0,0879 

62 0,7037 0,73858 0,6108 0,6042 0,3756 0,3394 0,10552 0,0834 

57 0,68395 0,72893 0,5833 0,5722 0,3446 0,3104 0,10042 0,0789 

52 0,6617 0,71778 0,5558 0,5402 0,3136 0,2814 0,09432 0,0744 

47 0,63695 0,70513 0,5283 0,5082 0,2826 0,2524 0,08722 0,0699 

42 0,6097 0,69098 0,5008 0,4762 0,2516 0,2234 0,07912 0,0654 

37 0,57995 0,67533 0,4733 0,4442 0,2206 0,1944 0,07002 0,0609 

32 0,5477 0,65818 0,4458 0,4122 0,1896 0,1654 0,05992 0,0564 

27 0,51295 0,63953 0,4183 0,3802 0,1586 0,1364 0,04882 0,0519 

22 0,4757 0,61938 0,3908 0,3482 0,1276 0,1074 0,03672 0,0474 

17 0,43595 0,59773 0,3633 0,3162 0,0966 0,0784 0,02362 0,0429 

 

To achieve the ratios for the other resources evaluated (X-Rays, CT Scans, Blood tests and Specialist 

requirement), the methodology is the same. With this, ratios obtained from regressions for all the 

resources evaluated, are achieved inside each priority, according to the age group and gender of the 

patient. Based on these ratios, it is possible to perform a projection of the resource consumption in the 

future, for each priority, for each age group and for each gender. The method used to perform this 

projection is shown in section 4.4.2.3. The ratios obtained from regressions for the other resources 

evaluated in this thesis are attached in Table AG1 and in Table AG2 of Appendix G. 

4.4.3.2 Future resource utilization by priority 

With the ratios from regressions for the resource consumption achieved, it is possible to obtain the 

projection of the resource consumption in the future. For that, it is necessary to multiply the ratios found 

for each priority, for each age group and for each gender by the projection achieved for the ED visits 

assigned with the same priority, the same age group and the same gender. 

For example, the future ECG consumption in the female ED visits assigned with priority 1 in an age 

group between 25 and 29 years of age is achieved by multiplying the ratio from regressions obtained 

for ECG consumption in priority 1 by the female ED visits between 25 and 29 years of age, for the 
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projection of the female ED visits with ages between 25 and 29 years assigned with priority 1. This 

methodology is applied for the other resources evaluated (CT Scans, X-Ray, Consultations with a 

Specialist and Blood tests), for the other priorities, for the other age groups and for both genders. Based 

on this, the projection of the ED visits by priority, age group and gender, and the projection of the 

resource consumption by priority, age group and gender are achieved. The results of this projection are 

shown in section 5.3 in the results chapter. Section 4.5 explains how the ED performance with the future 

patients is evaluated. 

4.5 The impact of future patients on the ED 

This section explains the methodology used to evaluate the ED impact of the future patients, according 

to the characteristics projected for the patients. To evaluate the ED performance, a discrete event 

simulation model that simulates the ED at CHN is used. Section 4.5.1 explains the simulation model 

used, section 4.5.2 explains the comparison of the performance between the current and future demand 

in the ED at CHN and section 4.5.3 explains the validation process of the simulation model used to 

evaluate the performance of the ED. 

4.5.1 Simulation model to calculate the requirements of the ED 

To evaluate the performance of the ED at CHN a discrete event simulation (DES) model that simulates 

the ED at CHN is used, since the ED can be seen as a set of processes with a sequence of operations 

that agents can perform (Grigoryev, 2018). The DES model used to simulate the ED at CHN is based 

on a simulation model implemented in Arena that the group q-UPHS (quantitative methods for Uplifting 

the Performance of Health Services) has used to other research topics. 

The ED at CHN has three main circuits that receive different levels of severity: circuit A that receives the 

patients assigned with the least severe situations and circuit B and C that receive patients with the most 

complex situations. The simulation model used to evaluate the ED’s performance covers circuit A, 

characterized by the patients with the least severe cases, i.e., patients assigned with priorities 4 and 5 

and some of the patients assigned with priority 3. The patients assigned with priority 1 and priority 2 and 

some of the patients assigned with priority 3, i.e., patients that are attended in Circuit B and C, are not 

covered with this simulation model. 

This simulation model receives the characteristics of the ED demand, i.e., the patients’ age and gender, 

priority level assigned to the patients and the resources that the they consume in the ED, to simulate 

the ED processes. After the introduction of the characteristics of the demand, the results obtained with 

this model (model output) are the patients’ waiting time and the physicians’ working hours. Besides this, 

the simulation model used can also change the number of physicians in each working shift: in the ED at 

CHN there are two working shifts for the physicians, the morning shift and the afternoon shift. As the 

simulation model can implement different number of physicians in each shift, the results achieved for 

the patients’ waiting time and for the physicians’ working hours can also be different, according to the 

number of physicians implemented in the model. Figure 4.13 shows the input and output obtained with 

the present simulation model. 
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Therefore, with this simulation model, it is possible to simulate different scenarios in the ED in order to 

understand the impact of different scenarios in the performance of this department: it is possible to 

introduce different characteristics of the demand and to change the number of physicians in each 

working shift. Based on this, the impact of the future ED demand is evaluated by comparing the results 

achieved with the characteristics of the current patients, with the characteristics achieved for the future 

patients. Section 4.5.2 explains how this comparison is performed. 

4.5.2 Comparison between the current and future performance of the ED  

The results achieved with the simulation model used to simulate the circuit A of the ED at CHN, vary 

according to the characteristics of the ED demand introduced and according to the number of physicians 

implemented in the model.  

To evaluate the impact of the future demand in the ED, firstly it is necessary to understand the results 

achieved with this model with the current demand, i.e., it is necessary to collect the patients’ waiting time 

and the physicians’ working hours that are currently verified in the ED at CHN. For that, patients’ 

characteristics collected in the historical data are introduced in the simulation model. Thus, the patients’ 

characteristics recorded for the years of 2015-2017 are used in the model to achieve the current working 

hours of the physicians and the current waiting time of the patients. Besides this, since the ED currently 

works with 5 physicians in each shift, 5 physicians in each working shift is implemented in the model. 

The model runs three times, one for each year.  

Based on this, the idea is to consider the current situation as a reference. Thus, with the implementation 

of the characteristics of the future patients in the model, the objective is to achieve similar results in the 

ED performance, to the results found for the current situation, i.e., in the patients’ waiting time and in 

the working hours of the physicians, by changing the number of physicians in each working shift. 

So, the idea is to use the characteristics of the future ED demand in the simulation model to achieve 

similar results to the results that are currently observed, by changing the number of physicians in each 

working shift. With this, the impact of the future characteristics of the demands in the ED is evaluated. 

Section 4.5.3. shows the process for the model validation. 

4.5.3 Model validation 

To validate the present simulation model, the model runs with the characteristics of the current ED 

patients (data from 2015-2017) and with 5 physicians in each shift, in order to mimic the current situation 

Input

1. Patients in Circuit A

2. Number of physicians 
in each shift

Simulation model

Output

1. Patients' waiting time 
2. Physicians' working 
hours

Figure 4.13: Input and output obtained with the present simulation model. 



50 
 

in ED at CHN. The model is validated in case of the output obtained with this simulation represents the 

current situation (current working hours of the physicians and the current patients’ waiting time). 

The results of this simulation show that the simulation model used is not representative of the current 

situation verified in the ED at CHN. In the real situation, the physicians work more time than the time 

obtained with this simulation test: currently, the physicians have a schedule usage of 80% and the results 

obtained with the simulation model show that the schedule usage is around 60% and 70%. These results 

are shown in Table 5.3.  

Besides the present model is not validated yet, the performance of the ED at CHN is evaluated using 

this simulation model in order to understand the impact of the future patients in the ED. The model needs 

to be improved in future in order to achieve better results with the simulation and this is one of the future 

directions of this thesis. 

4.6 Chapter conclusions 

This thesis proposes a multimethodology based on four steps, to forecast the future ED demand and to 

assess the future consumption of resources. The model developed to perform the population projection, 

is flexible enough to create and test different scenarios for the population projection. This is a very helpful 

tool to study the effects of the increase or decrease in the fertility, migration or death rates in a certain 

age group. Furthermore, the model developed can be used to forecast the evolution of any other 

population for any time period. Based on this, four different projections of the Navarra population for the 

year of 2030 are performed. 

Regarding the characterization of the ED patients at CHN, the historical data recorded from the ED is 

processed with a ratio/proportion method for each year provided (2015-2017), for each gender and for 

each age group to achieve the regressions that characterizes the current ED patients. This methodology 

relates the patients with the general population which is an advantage for forecasting future patients 

according to the future population. Thus, to achieve future ED visits, the population projection and the 

regressions that characterizes the current ED patients are used. Finally, the impact of the future ED 

demand is achieved by comparing the current performance of the ED at CHN and the performance of 

this ED with the future demand. This evaluation is performed by a DES model, that simulates the ED at 

CHN. With this, it is possible to forecast the number of physicians necessary to meet future demand in 

the ED at CHN. Chapter 5 presents the results achieved to forecast the characteristics of the future ED 

patients and the impact of the future demand in the ED. 
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5 Results and Discussion 

This chapter discusses the results of this thesis. As the methodology encompasses four steps, this 

chapter is also divided into four sections, where each one explains the results obtained for each step. 

Furthermore, a discussion of the results is also section is made in each section.  

Section 5.1 shows the results obtained for the population projection of the Navarra region for 2030, for 

the four scenarios created. Section 5.2. shows the results for the characterization of the current ED 

visitors. i.e., the final regressions obtained for the ED visits, ED visits by priorities and resource 

consumption inside each priority. Section 5.3. shows the projection of the characteristics of the future 

ED patients at CHN. Finally, section 5.4 covers the results obtained with the simulation model that is 

used to evaluate the performance of the ED at CHN, with the current and future ED demand. Section 

5.5. explains the validation with experts and section 5.6 concludes the chapter. 

5.1 Population Pyramid Projection 

The simulation model created to perform the projection of the population is flexible enough to create 

different trajectories of the population evolution by changing the rates defined in the model. These rates 

are responsible for the change in the population pyramid structure and they are: the fertility, death and 

migration rates.  

The projection of the population pyramid for the Navarra region starts in 2016 since this is the year with 

the most recent data recorded. The initial population and the initial rates implemented are from the same 

year. However, as the simulation model allows the rates to be changed during the simulation years, four 

different scenarios are created for the population projection for the Navarra region, for the year 2030.  

The first scenario is considered as the base scenario (Scenario 1) and the remaining scenarios are 

similar to the scenario 1 but with a few changes in the fertility and migration rates implemented, in order 

to achieve different trajectories for the population projection. Sections 5.1.1-5.1.4 describe the changes 

performed in each scenario and the population projections obtained with that changes. Section 5.1.5 

shows a comparison between the populations’ ages in 2016 and the population’s age in 2030. 

5.1.1 Scenario 1 – Base scenario 

This is the base scenario and covers the fact that the population dynamics does not change through the 

simulation years, i.e., fertility, death and migration rates are the same as the rates found for 2016. Thus, 

in each simulation year, the rates implemented in each layer and in each gender are the same from 

2016 to 2030. The result obtained for the population pyramid for 2030 with the implementation of the 

base scenario (scenario 1) is shown in Figure 5.1 and the values achieved for each layer and for each 

gender are shown in the third column of Table AD1 (Appendix D). This scenario shows the impact on 

the pyramid structure in the case of the fertility, migration and death rates remaining constant every year 

since 2016. These results show that the structure achieved does not look like a pyramid, where it is 
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supposed to have a much larger bottom than at the top of the pyramid. This happens since the current 

fertility rate in the Navarra region does not cover the replacement level, which is 2.1 (Pordata, 2018). 

 

 

 

 

 

 

 

 

 

The fertility rate currently verified in Navarra is 1.43, which means that on average, a woman will have 

1.43 children during her childbearing years. If the fertility rate remains like this through the following 

years, the population of Navarra region will have considerably more people in the upper layers than in 

the lower levels. 

5.1.2 Scenario 2 

The advantage of having a flexible model to perform a population projection is the possibility of testing 

different scenarios. These scenarios can be tested to know the consequences of implementing some 

policies in society. For example, this model can test the impact, in the population structure, in the case 

of a policy being implemented that motivates the increase in the fertility rate or to decrease the migration 

rates in specific layers of the population pyramid. Based on this, the Scenario 2 for the population 

projection of the Navarra region is created, where an increase in the fertility rate is implemented through 

the years instead of being constant, as the base scenario (where the fertility rate is always 1.43, from 

2016 to 2030). 

Thus, the second scenario is similar to the base scenario with the change in implementing a gradual 

increase in the fertility rate through the simulation years: this rate increases until the value of 2.1 is 

reached as this is the value considered as the replacement level. The fertility rate implemented in this 

scenario is shown in Table 5.1. This scenario implements constant migration and death rates since 2016, 

as well as in the base scenario. Figure 5.2 shows the results obtained for the population pyramid in 2030 

with the implementation of Scenario 2 and the values achieved for each pyramid layer are represented 

in the fourth column of Table AD1, which is attached in Appendix D. 

 

Figure 5.1: Population pyramid projection for the Navarra 
population for 2030, Scenario 1. 



53 
 

Table 5.1: The Fertility Rate implemented to project the population pyramid, in Scenario 2. 

Year Fertility Rate 

2016 1,43 
2017 1,5 
2018 1,55 
2019 1,6 
2020 1,65 
2021 1,7 
2022 1,75 
2023 1,8 
2024 1,85 
2025 1,9 
2026 1,95 
2027 2 
2028 2,05 
2029 2,1 
2030 2,1 

 

 

 

 

 

 

 

 

 

With the results of this scenario, it is possible to verify that the pyramid changes due to the increase in 

the fertility rate through the simulation years. With this gradual increase in the fertility rate through the 

simulation years, an increase of the first layer of the pyramid is verified and consequently an increase 

in the following layers. With this, the population of Navarra will still have a huge quantity of senior people 

however, the number of births increases and the replacement level is achieved.  

5.1.3 Scenario 3 

This scenario is similar to the base scenario but with changes in the migration rates. In this scenario, 

the fertility rates and death rates are constant (rates from 2016), but the migration rates are always zero 

since 2017, for all pyramid layers and for both genders. With the implementation of this scenario, the 

population pyramid obtained for 2030 is shown in Figure 5.3 and the values for each layer and for each 

gender are shown in the fifth column of Table AD1 (Appendix D).  

The structure of the population pyramid achieved with this scenario is similar to the structure achieved 

for the base scenario. 

Figure 5.2: Population pyramid projection for the Navarra 
population for 2030, Scenario 2. 
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However, it is possible to observe some differences since the migrations are implemented as null for 

both genders, for all pyramid layers and for all simulation years after 2016. This means that it is very 

important to understand the migrations in the population since the level of migrations also has an impact 

on the structure of the population pyramid. 

5.1.4 Scenario 4 

Scenario 4 covers the changes of scenarios 2 and 3, compared with the base scenario. The fertility rate 

increases gradually as is shown in Table 5.1, the migration rates are null since 2017 for both genders 

and for all layers, and the death rates are constant since 2016. The population pyramid of Navarra for 

2030 results achieved with this scenario are shown in Figure 5.4. 

 

 

 

 

 

 

 

 

 

 

The values for each layer and for each gender are shown in the last column of the Table AD1 (Appendix 

D). With the results of this scenario, it is possible to analyze that the migrations mostly occur in the 

youngest ages since the layers that correspond to the youngest people are the ones with the highest 

Figure 5.3: Population pyramid projection for the Navarra 
population for 2030, Scenario 3. 

Figure 5.4: Population pyramid projection for the Navarra population 
for 2030, Scenario 4. 
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changes when compared with the population pyramid obtained in the base scenario. The possibility of 

creating multiple scenarios has many advantages: it is possible to study the impact of some policies on 

the strucuture of the population pyramid. 

Section 5.1.5 compares the population’s age obatined for 2030 in each scenario with the population’s 

age in 2016, for the Navarra region. 

5.1.5 Comparison of the age of the current population and the population 

projected for 2030 in the Navarra region 

One way to see the impact of the population transition in the future is to compare the current situation 

with the results achieved for the population projection in 2030. Figure 5.5 shows the four scenarios 

created for the Navarra population projection in 2030 and the population in 2016, according to the 

populations’ ages. 

 

 

 

 

 

 

 

 

Comparing the results obtained for the four scenarios created, it is verified  that scenario 2 (green) and 

scenario 4 (orange) have a higher number of young people at the beginnig of the graph (left side). This 

represents the consequence of the fertility rate increase that is implemented in these two scenarios. 

Furthermore, on the one hand it is possible to verify that in the year of 2016, there is a higher amount 

of the population between 35 and 50 years of age (light blue plot). On the other hand, the results also 

show that in 2030, it is expected that there will be a higher amount of the population between 45 and 80 

years of age, for the four scenarios created. This means that in the near future there is an increase in 

the senior population in the Navarra region. Section 5.2 explain the results achieved for the 

characterization of the current ED patients at CHN. 

5.2 Characterization of the current ED visits 

The ED patients’ characteristics are related according to an equation achieved from regression. This 

regression is the result of the average of the ratios achieved for each year evaluated (2015-2017). This 

section shows the final regressions achieved that characterized the ED patients: the ED visits, priorities 
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and resources consumed. Each equation is chosen according to the coefficient of determination. In this 

section, the graphs built after the average of the ratios of the three years analyzed, the respective 

regressions obtained, the equation associated with each regression and the coefficient of determination 

of each equation are presented. In each figure, the equation represented on the left side (blue colour) 

corresponds to the male visits and the right side (red colour) corresponds to the female visits. 

5.2.1 Final regressions for the ED visits 

The regressions that relate to the ratios for the male and female visits according to their age are shown 

in Figure 5.6. 

 

 

 

 

 

 

 

 

The ratios are obtained through the average of the ratios of the years of 2015, 2016 and 2017. The plot 

for each gender has different behaviours through the patients’ ages: according to the patients’ age, the 

ratios for male visits increases earlier than the ratios for female visits. The equations represented in the 

figure are used to find the ratios to perform the projection of the future ED visits. 

5.2.2 Final regressions for the ED visits by priority 

This section shows the results of the averages of the three years analyzed for each priority assigned in 

the ED visit. Priorities 1-3 are evaluated individually. Priorities 4 and 5 are grouped in this analysis due 

to the few data recorded about priority 5. Thus, for each gender, 4 plots are achieved, one for each 

priority. Figure 5.7-Figure 5.10 show the results achieved for the regressions that characterize individual 

priorities 1-3 and grouped priorities 4 and 5 respectively. The vertical axis of the plots has a range 

between 0 and 1 in order to compare the results for each priority.  

Priorities 1 and 2 have the lowest ratios through the patients’ age, when compared with the other 

priorities. The ratios for ED visits assigned with priority 1 slightly increase through the patients’ age, for 

both genders. Regarding ED visits assigned with priority 2, although the male ratios increase earlier 

through the patients’ age, both plots increase through the patients’ age. ED visits assigned with priority 

3 in a general way, show higher ratios through the patients’ age for both genders and the ratios also 

increase with the increase in the age of the patient.  
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Figure 5.6: Ratios for the ED visits, for each gender, according to the patients’ ages. 
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Figure 5.7: Ratios for ED visits assigned with priority 1, for each 
gender, according to the patients’ age. 

y = 3E-05x2 - 0,0005x + 0,0693
R² = 0,9959

y = 6E-05x2 - 0,0039x + 0,1305
R² = 0,9896

0

0,2

0,4

0,6

0,8

1

15 35 55 75 95

R
a
ti
o

s
 f
ro

m
 E

D
 v

is
it
s
 a

s
s
ig

n
e
d
 

w
it
h
 p

ri
o

ri
ty

 2

Patients' age
Male Female Polinomial (Male) Polinomial (Female)

Figure 5.8: Ratios for ED visits assigned with priority 2, for each 
gender, according to the patients’ age. 
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Figure 5.9: Ratios for ED visits assigned with priority 3, for each 
gender, according to the patients’ age. 

y = -0,0072x + 0,7588
R² = 0,9781

y = -8E-05x2 + 0,0026x + 0,5068
R² = 0,9781

0

0,2

0,4

0,6

0,8

1

15 35 55 75 95R
a
ti
o

s
 f
ro

m
 E

D
 v

is
it
s
 

a
s
s
ig

n
e
d
 w

it
h
 p

ri
o

ri
ti
e

s
 4

 a
n
d
 

5

Patients' age

Male Female Linear (Male) Polinomial (Female)
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Finally, the plots that represent the ratios for the ED visits assigned with priorities 4 and 5 are the only 

ones that decrease through the patients’ age. This fact suggests that an aged patient has less probability 

of being assigned in the ED with priorities 4 and 5, which means that, if there is a greater senior 

population in the future, there will also be more severe cases in the ED. 

5.2.3 Final regressions for resource utilization (ECG example) 

This section shows the regressions that represent the resource consumption in the ED, according to the 

patients’ age, gender and priority assigned. The resource utilization in the ED is studied inside each 

priority assigned, which means that the ratios obtained relate the patients’ age, gender and priority 

assigned. The regressions achieved, the equations and the coefficient of determination obtained for the 

ECG utilization for each priority are shown in Figure 5.11- Figure 5.14.  

The graphs for the ECG utilization increase through the patients’ age, for all priorities and for both 

genders. This means that there will be more utilization of ECGs in the future if there are more aged 

patients. Furthermore, it is also possible to verify that the utilization of resources depends also on the 

patients’ gender. In ED visits assigned with priority 3, the ratio for male visits increase earlier than the 

female visits, which means the male visits assigned with priority 3 use more ECGs than female visits. 
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Figure 5.11: Ratios for ED visits assigned with priority 1 and the use 
of ECGs, for each gender, according to the patients’ age. 
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Figure 5.12: Ratios for ED visits assigned with priority 3 and the use of 
ECGs, for each gender, according to the patients’ age. 
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In a global way, ED visits assigned with priority 1-3 present higher ratios in the ECG utilization than the 

ED visits assigned with priorities 4 and 5. This means that the priority assigned in the triage interview 

affect the ratios of utilization of ECGs.  

The regressions achieved for the other resources studied have a similar behavior: the plot increases 

with the patients’ age and differences between the ratios and the priority level are also verified. The 

graphs that represent the consumption of the other resources studied in this thesis (CT Scan, X-Ray, 

Consultations with a Specialist and Blood Tests) according to patients’ age, gender and priority level are 

shown in Figure AE1 and in Figure AE2 in Appendix E. The equations that represent the regressions for 

the resource consumption, are shown in Table AF1 (see Appendix F).  

5.3 Projection of ED visits in 2030 

This section shows the characteristics of the future ED patients achieved, i.e., the number of ED visits 

at CHN by age and gender, by priority and resource consumed. The future patients’ characteristics 

depend on the population projection performed for the Navarra region in 2030. Thus, as this population 

is projected in four different scenarios, there are also four different values for each patients’ 

characteristics.  

y = 0,0055x + 0,2698
R² = 0,9787

y = 0,0064x + 0,2074
R² = 0,9608

0

0,2

0,4

0,6

0,8

1

15 35 55 75 95

R
a
ti
o

s
 f
ro

m
 E

D
 v

is
it
s
 a

s
s
ig

n
e
d
 

w
it
h
 p

ri
o
ri
ty

 2
 a

n
d
 u

s
e
 a

n
 E

C
G

Patients' age

Male Female Linear (Male) Linear (Female)

Figure 5.13: Ratios for ED visits assigned with priority 2 and the use 
of ECGs, for each gender, according to the patients’ age. 
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Figure 5.14: Ratios for ED visits assigned with priorities 4 and 5 and 
the use of ECGs, for each gender, according to the patients’ age. 
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5.3.1 ED visits projection 

Previous results show that it is expected a greater senior population in the future when compared with 

the current population. Figure 5.15 shows the current number of ED visits according to patients’ age. 

 

 

 

 

 

 

 

 

The highest number of ED visits are represented by patients aged between 35 and 50 years, which is 

in accordance with the higher amount of population of this age in 2016. Based on this factor, it is 

expected that in 2030, the higher quantity of ED visits will correspond to the higher amount of population.  

 

 

 

 

 

 

 

 

The results for the population projection for 2030 show that there will be an increase of the population 

aged between 45 and 80 years. Figure 5.16 shows the projection for ED visits in 2030, according to the 

patients’ age. Figure 5.16 shows that in 2030, there will be more patients between the ages of 45 and 

85 years, which is in accordance with the projection of the future population, where the results show an 

increase of the population with these ages. On the one hand, and compared with the current visits, it is 

expected there will be a decrease in ED visits by the youngest patients but, on the other hand, it is also 

expected there will be an increase in ED visits by patients of senior ages. This is a natural consequence 

of the increase in the senior population in the future. 
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Figure 5.15: Current ED visits, according to the patients' age, for 2015, 
2016 and 2017. 
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Figure 5.16: ED visits projection for 2030, according to the patients’ age, for the 
four scenarios created for the population projection. 
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5.3.2 ED visits projection by priority 

This section covers the results for the projections of the priorities that will be assigned in 2030, to the 

future ED visits at CHN. As the priorities evaluated individually in this study are the priorities 1-3, and 

the priorities 4 and 5 are evaluated in group, the results are also presented in this way. This section also 

shows current priorities assigned in the ED, in order to compare the current situation with the situation 

projection. Regarding the ED visits assigned with priority 1, the results for the current situation and for 

the projection are shown in Figure 5.17. 

Both situations show similar behaviors: there is a general increase in the ED visits assigned with priority 

1 through the patients’ age. The number of visits is almost the same until the age of 45 but, the results 

obtained for 2030 show a higher increase from that age. Furthermore, although there is a peak between 

the ages of 75 and 85, in 2030, this peak has a higher number of ED visits than the current ones. ED 

visits assigned with priority 2 are shown in Figure 5.18.: 

The results show a similar behavior for both situations: a general increase through the patients’ age and 

the presence of a peak around the age of 80 years. The peak obtained for 2030 is different when 

compared with the current peak because it covers more ED visits than the current one. Regarding the 

ED visits assigned with priority 3, the current one and the projection for 2030 are shown in Figure 5.20. 
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Figure 5.17: ED visits with priority 1, currently (left) and in 2030 (right). 
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Figure 5.18: ED visits with priority 2, currently (left) and in 2030 (right). 
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An increase in ED visits assigned with priority 3 is also verified, through the patients’ age, for the current 

situation and for the projection in 2030. The results show a peak in the senior population in both cases, 

but with a higher impact in the situation in the future. The results for the ED visits assigned with priorities 

4 and 5 are shown in Figure 5.19. 

The results achieved for the projection of ED visits assigned with priorities 4 and 5 show that there is a 

general decrease in this assignment through the patients’ age (right). This is also verified in a global 

way, in the current situation (left side). Comparing these results with the results achieved for the other 

priorities, this is the only case where the ED visits decrease with the age of the patient. This means that, 

if there are more aged patients in the future, there will also be more severe and complex cases in ED 

visits, i.e., there will be more ED visits assigned with priorities 1-3 than priorities 4 and 5. Section 5.3.3 

shows the results achieved for the projection of the resource consumption. 
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Figure 5.19: ED visits with priorities 4 and 5, currently (left) and in 2030 (right). 
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Figure 5.20: ED visits with priority 3, currently (left) and in 2030 (right). 
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5.3.3 Resource consumption projection 

The resources evaluated are ECGs, CT Scans, X-Ray, Consultations with a Specialist and Blood Tests 

performed in ED visits. Besides the resources being evaluated according to the priority of the patient, 

the results in this section show the total number of each resources used, according to the patients’ age. 

This section shows the results for the projection of the total number of each resource according to 

patients’ age. Figure 5.21 shows the current consumption of ECGs and the amount of utilization 

projected for this resource: 

The utilization of ECGs depends on the age of the patient: an increase in the utilization is verified through 

the patients’ age currently and in 2030. Currently, there are more ED patients aged between 35 and 50 

years. Based on this, it is expected to there will be more ECG utilization at this age since there are more 

ED visits. However, currently, the peak of ECG utilization is verified to be around 85 years age, which 

means that the age is a very important factor in the utilizations of this resource. This peak is also verified 

in the ECG utilization achieved with the projection for 2030. However, this peak is defined with a higher 

amount of utilization when compared with the current peak. Regarding to the CT Scan Figure 5.22 shows 

the current utilizations of this resource and the utilizations projected in 2030. 

In a general way, the CT Scans are less used when compared with the ECG (the vertical axis assumed 

different values and in the ECG analysis). However, like in the previous case, the current utilization of 
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Figure 5.21: ECG utilization in the ED, currently (left) and in 2030 (right). 
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Figure 5.22: CT Scan utilization in the ED, currently (left) and in 2030 (right). 
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the CT Scans increases with the patients’ age and this behaviour is also verified in the CT Scan 

projection for 2030 (right). This means that the patients’ age also affects the utilization of this resource 

in the ED. 

Regarding the analysis of the X-Rays utilization in the ED, Figure 5.23 shows the current utilizations of 

this resource as well as the projection of this resource utilization: 

This is one of the most used resources in ED. The utilization of this resource is also dependent on the 

age of the patient, as it is possible to observe in the current data (left side). This behavior is also verified 

in the projection of X-Ray utilization in 2030 (right side). A peak in both situations is observed, although 

the peak present in the projection’s scenarios have a higher amount of X-Ray utilization. 

The specialist requirement is also evaluated in this study. The results achieved for the current 

consultations with specialists and their projections for 2030 are shown in Figure 5.24. 

These results show the dependency of the patient’s age on the need of the consultation with a specialist. 

One peak in the current and in the future situations is verified, with few differences in the number of 

consultations: in 2030, it is expected there will be higher number of consultations with specialists than 

in the current situation, in the patients aged between 75 and 85 years. 

Finally, the last resource studied is the blood tests. The results for the current utilization and the 

projections for 2030 of this resource are shown in Figure 5.25. 
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Figure 5.23: X-Ray utilization in the ED, currently (left) and in 2030 (right). 
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Figure 5.24: Consultations with Specialists in the ED, currently (left) and in 2030 (right). 
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The blood tests are also another resource that is widely used in the ED. This resource utilization also 

depends on the patients’ age, where it is possible to see an increase in the blood tests through the 

patients’ age. The peak verified for the blood tests projections (right) also represents a higher number 

of blood tests than the peak verified in the current data (left). 

5.3.4 Comparison between current ED visits and the results for projections 

The previous sections explain the results achieved for the projection of ED visits in 2030. The results 

cover the ED visits, the priority assigned in the ED visits and the resource utilization. This section intends 

to compare the total numbers of the results achieved for 2030 with the current ones. Figure 5.26. shows 

the comparison for each category analyzed. 

Figure 5.26. shows the global values for each category studied and compares the current data (green 

bars) with the projected data for 2030 (blue bars). A general increase for all categories evaluated is 
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Figure 5.25: Blood tests in the ED, currently (left) and in 2030 (right). 
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verified. Table 5.2 shows the ratios of this increase, comparing the most recent year evaluated (2017) 

with the base scenario created for the projection of the population in 2030 (Scenario 1). 

Table 5.2: Comparison between the data of 2017 and the base scenario for 2030 (Scenario 1). 

 
Difference 
(Scenario 1 – 

Scenario 2017) 

Ratio 

(
𝑫𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆

𝑺𝒄𝒆𝒏𝒂𝒓𝒊𝒐 𝟐𝟎𝟏𝟕
) 

Increase 
 (%) 

ED Visits 12893 0,109971 11,0 
Priority 1 337 0,316135 31,6 
Priority 2 2679 0,162966 16,3 
Priority 3 5379 0,093107 9,3 

Priorities 4 and 5 4208 0,103231 10,3 
Total ECG 4896 0,143397 14,3 

Total CT Scan 1373 0,126485 12,6 
Total X-Ray 8128 0,115079 11,5 

Total Specialist 1043 0,065701 6,6 
Total Blood Tests 5104 0,098205 9,8 

 

The base scenario is selected to perform this comparison because it is the scenario that reflects the 

population in case there is no any change in the migration, death and fertility rates, which is the most 

likely situation in the near future in Navarra region. Comparing this scenario with the data of 2017, an 

increase for all the categories analyzed is verified. Section 5.4 shows the results achieved for the 

evaluation of the performance of the ED with the current and future demand. 

5.4 The impact of future patients on the ED 

This section shows the results achieved by the evaluation of the ED performance at CHN. The 

characteristics of the future patients are used as inputs to study the requirements of the ED to meet the 

future demand.  The evaluation of the ED at CHN uses a simulation model that use as inputs the patients’ 

characteristics, i.e., the age, gender, priority level assigned, and resources consumed. Moreover, the 

results achieved with this model can be controlled by the number of physicians defined.  

The simulation only models circuit A of the ED, that covers the patients in the least severe situations 

(patients assigned with priorities 4 and 5 and some of the patients assigned with priority 3). The ED 

performance is measured according to the waiting time of the patients and the physician working hours 

in ED. Based on that, with the future ED visits, the idea is to achieve the same performance that is 

verified in the current ED.  

Thus, the model receives as input the current characteristics of the patients to achieve the current 

waiting time of the patients and the current working hours of the physicians. As there are 5 physicians 

in each working shift (morning and afternoon) this is also implemented in the model. Thus, 5 physicians 

are implemented, and the model runs with the patients’ characteristics of the years of 2015, 2016 and 

2017. The results for these three simulations are shown in Table 5.3.  

The results show the waiting time in minutes for patients with priority 3 with 1 consultation, priority 3 with 

2 consultations and for patients with priority 4 and 5 with 1 consultation and priorities 4 and 5 with 2 

consultations. In the schedule usage output, each line named “Doc” represents the schedule usage of 
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each physician in each shift. As each shift has 5 physicians, there are 5 output for each shift to represent 

the schedule usage of each physicians. The scheduled usage represents the percentage that each 

physician works during their working time. For example, physician 1 in the afternoon shift 

(“Doc1_Afternoon”)  in 2015 works around 65% of their working time.  

Table 5.3: Current ED performance (2015, 2016 and 2017) with 5 physicians in the morning shift and 5 
physicians in the afternoon shift. 

 

To achieve similar ED performances for the visits in 2030, the idea is to increase or decrease the number 

of physicians in each shift to obtain similar results for the waiting times and the scheduled usage by the 

physicians. On the one hand, by introducing the patients’ characteristics achieved for 2030 in the model, 

with 5 physicians in each shift, the results show an increase in the waiting time and an increased 

scheduled usage for the physicians. On the other hand, implementing 6 physicians for each working 

shift, the waiting time and the physician working hours decrease much more than the results for the 

current situations. These results are shown in Table AH1 and in Table AH2 which are attached in 

Appendix H. 

Therefore, to meet similar values in the performance of the ED with the visits of 2030 to the ones found 

for the current situation, it is necessary to implement 5 physicians in one shift and 6 in the other shift. 

Table 5.4 and 5.5 show the results for each one of these cases. 

An increase in the future ED visits is expected and, based on that, the necessity of increasing the number 

of physicians to meet future demand is expected. The results achieved with this simulation model also 

show that it is necessary to increase one physician in each shift to obtain similar patients’ waiting times 

and physicians’ working hours in 2030.  

The method implemented to evaluate the performance of the ED show how the results achieved for the 

projection of the patients can be used. This simulation model can also be used to test different scenarios 

in order to improve the efficiency of this department. 

Output 2015 2016 2017 

Waiting time (min) 

Priority 3 (1 consultation) 15,097 11,578 12,672 

Priority 3 (2 consultations) 28,802 29,743 27,240 

Priority 4 and 5 (1 consultation) 38,482 43,538 37,418 

Priority 4 and 5 (2 consultations) 56,082 67,039 55,943 

Scheduled Usage 
(%) 

Doc1_Afternoon 0,649 0,7109 0,663 

Doc2_Afternoon 0,639 0,697 0,655 

Doc3_Afternoon 0,626 0,695 0,647 

Doc4_Afternoon 0,613 0,685 0,642 

Doc5_Afternoon 0,602 0,673 0,630 

Doc1_Morning 0,705 0,697 0,679 

Doc2_Morning 0,701 0,683 0,674 

Doc3_Morning 0,694 0,677 0,667 

Doc4_Morning 0,689 0,667 0,668 

Doc5_Morning 0,680 0,665 0,670 
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Table 5.4: Future ED performance with 5 physicians in the morning shift and 6 physicians in the 

afternoon shift. 

 

 

Table 5.5: Future ED performance with 6 physicians in the morning shift and 5 physicians in the 
afternoon shift. 

Output 
2030 

Scenario 
1 

2030 
Scenario 

2 

2030 
Scenario 

3 

2030 
Scenario 

4 

Waiting time 
(min) 

Priority 3 (1 consultation) 9,434 8,631 7,955 9,546 

Priority 3 (2 consultations) 23,364 22,907 20,853 22,811 

Priority 4 and 5 (1 consultation) 31,809 29,887 23,860 29,417 

Priority 4 and 5 (2 consultations) 49,152 47,823 37,795 45,998 

Scheduled 
Usage 

(%) 

Doc1_Afternoon 0,649 0,644 0,589 0,639 

Doc2_Afternoon 0,636 0,637 0,587 0,631 

Doc3_Afternoon 0,632 0,623 0,577 0,635 

Doc4_Afternoon 0,603 0,629 0,571 0,620 

Doc5_Afternoon 0,581 0,602 0,555 0,613 

Doc1_Morning 0,724 0,717 0,686 0,736 

Doc2_Morning 0,722 0,716 0,685 0,728 

Doc3_Morning 0,720 0,718 0,692 0,728 

Doc4_Morning 0,719 0,705 0,686 0,724 

Doc5_Morning 0,719 0,709 0,675 0,725 

Doc6_Morning 0,504 0,455 0,484 0,580 

 

However, this simulation model has been not validated yet. The results found for the current ED visits 

(2015, 2016 and 2017) are a slightly different of the real ones that are verified in the ED at CHN. It is 

necessary to improve this simulation model to study the real impact on the ED with the increase of the 

patients in 2030. However, we conclude that the future scenarios of the ED demand will require more 

medical resources in ED. 

Output 
2030 

Scenario 
1 

2030 
Scenario 

2 

2030 
Scenario 

3 

2030 
Scenario 

4 

Waiting time 
(min) 

Priority 3 (1 consultation) 10,131 8,413 9,744 8,478 

Priority 3 (2 consultations) 27,000 25,106 23,572 21,982 

Priority 4 and 5 (1 consultation) 38,068 35,635 28,552 27,0796 

Priority 4 and 5 (2 consultations) 57,573 57,280 43,822 43,544 

Scheduled 
Usage 

(%) 

Doc1_Afternoon 0,629 0,658 0,600 0,604 

Doc2_Afternoon 0,620 0,652 0,596 0,601 

Doc3_Afternoon 0,615 0,651 0,593 0,594 

Doc4_Afternoon 0,606 0,640 0,583 0,594 

Doc5_Afternoon 0,608 0,623 0,564 0,586 

Doc6_Afternoon 0,435 0,476 0,438 0,400 

Doc1_Morning 0,716 0,716 0,680 0,686 

Doc2_Morning 0,714 0,711 0,676 0,675 

Doc3_Morning 0,710 0,705 0,675 0,6778 

Doc4_Morning 0,712 0,702 0,670 0,673 

Doc5_Morning 0,709 0,685 0,652 0,670 
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5.5 Validation with experts 

During this study, the managers and the service directors of the CHN were very interested in the results 

about the projection of the future ED patients and their needs. They consider that studies that forecast 

the future behaviour of the ED are good approaches to manage and adapt the resources accordingly 

with the future ED demand. Based on this, it was prepared a presentation with the results obtained for 

the future ED patients and their needs, to show in a hospital meeting. This meeting was attended by the 

managers and the service directors of CHN: they were very involved in the presentation and a discussion 

was promoted in the end of the presentation. The service directors and the managers mentioned that 

they were already expecting this type of results for the future patients of the ED. This fact also contributes 

for the results validation, since the approval of the results by experts is also a way of validation. 

Besides the results validation, the mangers and service directors also mentioned some improvements 

in this study. They said that the projection of the future patients should cover the regular consultation in 

the CHN, since they can affect the ED demand. They also suggest the individualization of the patients 

with chronic diseases since these patients represent a higher number of ED visits and they also 

consume more resources. Regarding to the region of the patient, they said that a geographical 

characteristic of the patient can be helpful to understand which zone of Navarra has higher number of 

ED patients. 

5.6 Chapter conclusions 

This chapter shows the results achieved in this thesis. Regarding the population projection, it is shown 

that the model created to perform this projection is flexible enough to test different trajectories of the 

population. This can be very helpful to understand the possible impact on the population pyramid 

structure of certain policies. With this model, an increase in the scenario population of the Navarra region 

for 2030 is expected.  

The characterization of the current ED visits shows a strong dependency between the patients’ age and 

the priorities assigned, and between the patients’ age and the resource consumption: it is shown that 

aged patients are admitted to ED with more severe and complex cases and they also consume more 

resources in the ED visit. Based on this, the projection of the future ED patients shows an increase in 

the ED visits as well as an increase in the resources consumed. This is also supported by the increase 

in the senior population in Navarra. Finally, the results achieved for the future ED demand can be used 

to study the number of physicians necessary to meet the future demand. 

In a general way, with the increase of the senior population in Navarra, an increase in the ED visits in 

the future with more complex situations is expected. Associated with this, it is necessary to evaluate the 

available resources in the ED to meet all the demand in an efficient way. As an increase in the number 

of aged patients is expected, an increase in the medical tests performed in the ED as well as the increase 

in the ED staff, such as the number of physicians is also expected.  
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6 Conclusions 

More complex and severe cases in ED are expected in the near future due to the demographic changes, 

where ED visits by the elderly are expected (Roskos & Wilber, 2006) and the results of this thesis also 

show that. ED visits have been increasing worldwide which contributes to the ED overcrowding and 

inefficiency of this department. Population aging has a direct effect on this increase because aged 

patients have a higher impact on ED: they present more urgent cases and they consume more ED 

resources. Thus, patients’ age has a great impact on the increase in ED demand and, by understanding 

the demographic transition though the years of a certain population, the future ED demand of their local 

hospital and their needs can be reached.  

The aim of this study is to forecast the future ED demand and resource capacity to meet future ED visits. 

The ED historical data is evaluated using regression analysis, to associate the demographic 

characteristics of the patients with their needs (priority level and medical tests consumed in the ED). To 

forecast future patients’ needs, a population projection is performed by a system dynamics simulation 

model, and the current patients’ requirements are applied in that population projection. In the end, the 

number of patients is forecasted, and their needs are implemented in a simulation model to evaluate the 

performance of the ED with the future demand. This multimethodology is applied in the CHN context, 

since this is the main hospital in Navarra and it covers all population of this region. 

The results show that the patients’ age and gender influence the priority assigned in the triage interview 

and the resources consumed in the ED visit at CHN. The population projection performed expects an 

increase of the senior population in the Navarra region, which means that a general increase in the aged 

patients in this department is also expected. As these patients have a higher contribution in terms of the 

ED overcrowding and require more medical attention, an increase of the resource consumption in a near 

future is expected as well as the increase in the ED visits with higher urgency, i.e., ED visits assigned 

with priorities 1, 2 and 3. Future patients’ characteristics and needs are used to study the effects of the 

performance of the ED by a simulation models that simulate the ED. A discrete event simulation model 

that simulates the ED at CHN is used, where the patients’ waiting time and the physicians’ working hours 

regarding the future demand are reached. Results show that it is necessary to increase the level of staff 

(one physician in a work shift) to meet future ED demand and their needs, without the time limit of each 

patients’ waiting time being exceed. This is expected since an increase in the ED demand with a more 

complex need of care is motivated by the senior population increase. 

This thesis associates demographic characteristics of the patients with clinical needs in the ED. This is 

a useful approach to forecast the needs of the future ED patients. The model developed to project the 

future population can be used and adapted to project the future population of any other place, for any 

other time period. With the analysis of the current patients’ needs in a certain ED and the population 

projection of the same place, the needs of the future ED demand can be achieved. 
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6.1 Limitations 

Population evolution is performed without considering the geographical reference, i.e., population 

projection considers the same behaviors for the mortality, fertility and migration rates for all the 

geographical zones of Navarra. Moreover, in Navarra region there are three hospitals with EDs: in 

Pamplona (CHN), in Tudela and in Estella. The impact of the hospitals of Tudela and Estella are not 

considered in this thesis since the CHN is the main hospital of Navarra and covers the main geographical 

area.  

The historical data recorded from the Servicio de planificación, evaluación y gestión del conocimiento 

del Gobierno de Navarra do not cover enough cases in ED visits assigned with priority 5. Considering 

this, it was necessary to join the ED visits assigned with priority 4 to those of priority 5 to obtain a 

meaningful number of cases. This is considered a limitation because, although the cases are all covered 

by this thesis, it is important to quantify the priorities assigned in the ED to make it easier to find potential 

solutions to decrease the ED visits with less urgency. 

Furthermore, the study of the impact of the future demand in the ED considers that there are no changes 

in the ED structure, i.e., the processes performed in the ED and the available space to work remains 

the same and technological advances are not considered. Finally, the simulation model used to evaluate 

the performance of the ED is only representative for the ED at CHN. Thus, to evaluate the impact of 

future patients in other EDs it is necessary to build other simulation model with the characteristics of that 

specific department. Besides, the simulation model used to evaluate the performance of the ED at CHN 

is not validated yet. The model needs to be improved to represent the current situation of the ED at 

CHN. 

6.2 Future directions 

The main results of the present study were presented in a meeting with the main service directors and 

administrators of CHN which contributes for the validation of the results achieved with this study. 

Besides, the managers and service directors are interested in similar studies since these results are 

useful to plan the ED resources according to the future demand and to support in the decision making, 

to make it adequate for the real needs of the demand. They already expected there will be an increase 

in the ED visits in the near future due to the increase in the ED visits in the past years. However, this 

increase is not proportional to all priorities studied, since it is expected there will be more ED visits with 

priorities 1, 2 and 3 and this is a bad scenario for the ED, not only due to the general increase in ED 

visits but mainly because of the increase in patients with higher levels of severity. 

The discussion in this meeting suggested the addition of other variables in a future study: assuming the 

ED to be a member of the CHN since there are other factors from CHN that influence the ED demand 

(consultations with specialists for example); individualizing the patients with chronic diseases, since they 

represent a higher percentage of the ED visits during the year and they also consume a higher number 

of resources; removing one specialization from the ED or to removing patients with least severe 

situations (priorities 4 and 5) to other facilities.  
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As there are other hospitals that can receive urgent situations in Navarra and they are not covered by 

this study, a geographical characteristic should also be added to the ED patients at CHN, to understand 

the zones with higher demands and how this affects the performance of the ED. Besides, since the 

projection of the ED patients of this study is performed for 2030, the technological advances should also 

be considered: technological advances are a current worldwide issue and it make a higher contribution 

to speeding processes in the ED and to decreasing the overcrowding.  

The results achieved with this study do not cover any policies related to the ED visits. ED overcrowding 

can be reduced with the reduction of the patients with less severe situations, since some of them can 

be treated by their family doctor. Moreover, recorded data of the ED at CHN shows that there are a lot 

of fluctuations in the demand during the day, especially regarding the patients with less severe 

situations. This means that the ED visits can be motivated by social behaviors, since during the night 

there are fewer cases of ED visits. Thus, it is important to raise awareness in the population that present 

less severe situations, by motivating regular consultations with the family doctor, giving an opportunity 

to increase the efficiency in the ED to attend more urgent cases. 
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Appendix A – Simulation model implemented in Anylogic 

  

Figure AA 1: First part of the population pyramid model (from stock 1 to stock 10) implemented in Anylogic. 

Figure AA 2: Second part of the population pyramid model (from stock 11 to stock 21) implemented in Anylogic. 
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Appendix B – Sex ratio at birth forecast 

The idea of this statistical test is to prove the possibility that half of all future babies can be considered 

as having female gender, and the other half can be considered as having a male gender. For this 

statistical test, Minitab software was used to do hypothesis tests, for each year of the data available. 

The data used for this analysis are the babies born from 1975 to 2017, where it was assumed that each 

baby was registered with zero age in the population statistics provided by (na)stat.  

For each test the One-sample proportion option was used, available as a statistical tool in this software. 

The summarized data option was selected, where the Number of events were the female population 

with zero age and Number of trials were the total population with the same age, for that year. Perform 

hypothesis test option were selected with a hypothesized proportion of 0.5. Regarding the options 

available, the Confidence level selected was 95.0, the Alternative hypothesis was Proportion ≠ 

hypothesized proportion and the Method was Normal approximation.   

Table AB 1: Results of sample p and upper and 

lower values for the CI, for all the tested years 

 

Once the p-value for the last years tested is higher than 0.05, it is possible to assume half of the total 

population with zero years age is female. 

year lower parameter upper p-value 

1975 0.482 0.493 0.504 0.2040 

1981 0.467 0.478 0.490 0.0000 

1986 0.461 0.474 0.488 0.0000 

1991 0.476 0.490 0.505 0.1810 

1996 0.474 0.489 0.504 0.1550 

2002 0.472 0.486 0.499 0.0360 

2003 0.473 0.487 0.500 0.0490 

2004 0.476 0.489 0.502 0.1060 

2005 0.462 0.475 0.488 0.0000 

2006 0.482 0.495 0.507 0.0405 

2007 0.486 0.498 0.510 0.7420 

2008 0.473 0.486 0.498 0.0250 

2009 0.468 0.480 0.492 0.0010 

2010 0.475 0.487 0.499 0.0290 

2011 0.473 0.485 0.497 0.0130 

2012 0.464 0.476 0.488 0.0000 

2013 0.471 0.483 0.495 0.0050 

2014 0.478 0.490 0.503 0.1300 

2015 0.482 0.494 0.507 0.3820 

2016 0.476 0.489 0.501 0.0780 

2017 0.478 0.491 0.504 0.1580 
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Figure AB 1: Time variations for sample p and upper and lower 

values for the CI, for all the tested years. 

Figure AB 2: P-values time variations for all the tested years. 
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Appendix C – Initial population and rates for 2016 in Navarra 

Table AC 1: Initial population and respective rates for 2016 in Navarra. 

 Population Death Rates Migration Rates 

Age Male Female Male Female Male Female 
[0,4] 16477 15619 0.0005 0.0006 0.018 0.017 
[5,9] 18013 17134 0.0001 0.0002 0.0047 0.0081 

[10,14] 17066 16284 0 0.0001 0.0058 0.0096 
[15,19] 16051 15402 0.0002 0.0002 0.0148 0.0213 
[20,24] 15742 14943 0.0003 0.0001 0.0189 0.025 
[25,29] 16644 16288 0.0003 0.0003 0.0117 0.016 
[30,34] 20352 20195 0.0003 0 0.0093 0.0094 
[35,39] 26703 25114 0.0006 0.0001 0.002 0.005 
[40,44] 27622 25930 0.0007 0.0006 0.0011 0.006 
[45,49] 26196 24849 0.0018 0.0012 -0.0003 0.0024 
[50,54] 24154 23350 0.0038 0.0019 -0.0013 0.0015 
[55,59] 21113 20898 0.0046 0.0033 0.0004 0.002 
[60,64] 17780 17802 0.0083 0.0035 -0.0012 0.0037 
[65,69] 16016 16860 0.0125 0.0044 -0.003 0.0005 
[70,74] 13286 14438 0.0218 0.0078 0.0015 0.0018 
[75,79] 9345 11567 0.0366 0.0169 0.0005 0.0002 
[80,84] 8259 11772 0.0624 0.0363 0.0001 0.0029 
[85,89] 4876 8636 0.1226 0.0778 -0.0014 0.0013 
[90,94] 1774 4410 0.221 0.1562 -0.0006 0.009 
[95,99] 334 1094 0.3293 0.206 0.006 -0.0101 
[100+] 37 222 0.4054 0.4189 0 -0.0045 
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Appendix D – Results for the population pyramid projections (four scenarios) 

Table AD 1: Population pyramid projection for the four scenarios created. 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Age 
Representative  

age 
Male Female Male Female Male Female Male Female 

[100+] 102 446 893 446 893 443 909 443 909 

[95,99] 97 942 1920 942 1920 934 1929 934 1929 

[90,94] 92 2536 4790 2536 4790 2544 4699 2544 4699 

[85,89] 87 5560 8791 5560 8791 5569 8610 5569 8610 

[80,84] 82 9521 12874 9521 12873 9497 12598 9497 12598 

[75,79] 77 13394 16295 13394 16295 13373 16021 13373 16022 

[70,74] 72 17001 19267 17001 19267 17032 18802 17032 18802 

[65,69] 67 19995 21493 19995 21493 20196 20922 20196 20922 

[60,64] 62 22415 23279 22415 23279 22532 22431 22532 22431 

[55,59] 57 23827 23945 23827 23945 23783 23118 23783 23118 

[50,54] 52 23648 23849 23648 23849 23507 22760 23507 22760 

[45,49] 47 22660 22840 22660 22840 22034 21269 22035 21269 

[40,44] 42 21006 21335 21008 21338 19771 19177 19773 19179 

[35,39] 37 19728 19930 19736 19938 17767 17291 17774 17298 

[30,34] 32 19638 19826 19667 19856 16781 16238 16806 16263 

[25,29] 27 19777 20310 19869 20405 16594 15965 16672 16044 

[20,24] 22 19751 20310 20012 20579 16534 15912 16756 16134 

[15,19] 17 18458 18778 19104 19441 16106 15545 16662 16101 
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Appendix E – Graphs from ratios for ED visits and resource consumption 
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Figure AE 1: Graphs and regressions obtained from ratios for resources consumption (Part 1). 
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Figure AE 2: Graphs and regressions obtained from ratios for resources consumption (Part 2). 
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Appendix F – Regressions obtained to characterize the current ED patients 

 

Table AF 1: Regressions obtained from the characterization of the current ED patients. 
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Appendix G – Ratios from regressions that characterize the current ED patients 

Table AG 1: Ratios for CT Scans and X-Rays obtained from regressions (M-Male; F-Female). 

Table AG 2: Ratios for Specialists and blood samples obtained from regressions (M-Male; F-Female). 

  

 
CT Scan X-Ray 

 
Priority 1 Priority 2 Priority 3 Priority 4/ 5 Priority 1 Priority 2 Priority 3 Priority 4 and 5 

Age M F M F M F M F M F M F M F M F 

102 0,0686 0,10932 0,26818 0,3185 0,1748 0,1839 0,033768 0,0476 1,0149 0,85526 0,9017 1,0005 0,88376 0,9335 0,3417 0,36064 

97 0,0851 0,13547 0,25578 0,305 0,1668 0,1744 0,031878 0,0451 0,97015 0,85696 0,8887 0,9695 0,84896 0,9005 0,3517 0,37794 

92 0,1016 0,15812 0,24438 0,2915 0,1588 0,1649 0,030088 0,0426 0,9279 0,85566 0,8757 0,9385 0,81616 0,8675 0,3617 0,39324 

87 0,1181 0,17727 0,23398 0,278 0,1508 0,1554 0,028398 0,0401 0,88815 0,85136 0,8627 0,9075 0,78536 0,8345 0,3717 0,40654 

82 0,1346 0,19292 0,22458 0,2645 0,1428 0,1459 0,026808 0,0376 0,8509 0,84406 0,8497 0,8765 0,75656 0,8015 0,3817 0,41784 

77 0,1511 0,20507 0,21618 0,251 0,1348 0,1364 0,025318 0,0351 0,81615 0,83376 0,8367 0,8455 0,72976 0,7685 0,3917 0,42714 

72 0,1676 0,21372 0,20878 0,2375 0,1268 0,1269 0,023928 0,0326 0,7839 0,82046 0,8237 0,8145 0,70496 0,7355 0,4017 0,43444 

67 0,1841 0,21887 0,20238 0,224 0,1188 0,1174 0,022638 0,0301 0,75415 0,80416 0,8107 0,7835 0,68216 0,7025 0,4117 0,43974 

62 0,2006 0,22052 0,19698 0,2105 0,1108 0,1079 0,021448 0,0276 0,7269 0,78486 0,7977 0,7525 0,66136 0,6695 0,4217 0,44304 

57 0,2171 0,21867 0,19258 0,197 0,1028 0,0984 0,020358 0,0251 0,70215 0,76256 0,7847 0,7215 0,64256 0,6365 0,4317 0,44434 

52 0,2336 0,21332 0,18918 0,1835 0,0948 0,0889 0,019368 0,0226 0,6799 0,73726 0,7717 0,6905 0,62576 0,6035 0,4417 0,44364 

47 0,2501 0,20447 0,18678 0,17 0,0868 0,0794 0,018478 0,0201 0,66015 0,70896 0,7587 0,6595 0,61096 0,5705 0,4517 0,44094 

42 0,2666 0,19212 0,18538 0,1565 0,0788 0,0699 0,017688 0,0176 0,6429 0,67766 0,7457 0,6285 0,59816 0,5375 0,4617 0,43624 

37 0,2831 0,17627 0,18498 0,143 0,0708 0,0604 0,016998 0,0151 0,62815 0,64336 0,7327 0,5975 0,58736 0,5045 0,4717 0,42954 

32 0,2996 0,15692 0,18558 0,1295 0,0628 0,0509 0,016408 0,0126 0,6159 0,60606 0,7197 0,5665 0,57856 0,4715 0,4817 0,42084 

27 0,3161 0,13407 0,18718 0,116 0,0548 0,0414 0,015918 0,0101 0,60615 0,56576 0,7067 0,5355 0,57176 0,4385 0,4917 0,41014 

22 0,3326 0,10772 0,18978 0,1025 0,0468 0,0319 0,015528 0,0076 0,5989 0,52246 0,6937 0,5045 0,56696 0,4055 0,5017 0,39744 

17 0,3491 0,07787 0,19338 0,089 0,0388 0,0224 0,015238 0,0051 0,59415 0,47616 0,6807 0,4735 0,56416 0,3725 0,5117 0,38274 

 Specialist Blood Sample 

 Priority 1 Priority 2 Priority 3 Priority 4/5 Priority 1 Priority 2 Priority 3 Priority 4 and 5 

Age M F M F M F M F M F M F M F M F 

102 0,37566 0,4045 0,18374 0,19772 0,2138 0,136264 0,095292 0,100836 0,90556 0,845432 0,8339 0,85 0,746 0,70156 0 0,08192 

97 0,38486 0,431 0,20154 0,20912 0,2073 0,136219 0,093782 0,093881 0,87476 0,831472 0,8229 0,8385 0,7205 0,66976 0 0,10907 

92 0,39106 0,4525 0,21734 0,21952 0,2008 0,135724 0,092172 0,087376 0,84596 0,817912 0,8119 0,827 0,695 0,63996 0 0,13272 

87 0,39426 0,469 0,23114 0,22892 0,1943 0,134779 0,090462 0,081321 0,81916 0,804752 0,8009 0,8155 0,6695 0,61216 0 0,15287 

82 0,39446 0,4805 0,24294 0,23732 0,1878 0,133384 0,088652 0,075716 0,79436 0,791992 0,7899 0,804 0,644 0,58636 0,0413 0,16952 

77 0,39166 0,487 0,25274 0,24472 0,1813 0,131539 0,086742 0,070561 0,77156 0,779632 0,7789 0,7925 0,6185 0,56256 0,0783 0,18267 

72 0,38586 0,4885 0,26054 0,25112 0,1748 0,129244 0,084732 0,065856 0,75076 0,767672 0,7679 0,781 0,593 0,54076 0,1053 0,19232 

67 0,37706 0,485 0,26634 0,25652 0,1683 0,126499 0,082622 0,061601 0,73196 0,756112 0,7569 0,7695 0,5675 0,52096 0,1223 0,19847 

62 0,36526 0,4765 0,27014 0,26092 0,1618 0,123304 0,080412 0,057796 0,71516 0,744952 0,7459 0,758 0,542 0,50316 0,1293 0,20112 

57 0,35046 0,463 0,27194 0,26432 0,1553 0,119659 0,078102 0,054441 0,70036 0,734192 0,7349 0,7465 0,5165 0,48736 0,1263 0,20027 

52 0,2381 0,4445 0,27174 0,26672 0,1488 0,115564 0,075692 0,051536 0,68756 0,723832 0,7239 0,735 0,491 0,47356 0,1133 0,19592 

47 0,2926 0,421 0,26954 0,26812 0,1423 0,111019 0,073182 0,049081 0,67676 0,713872 0,7129 0,7235 0,4655 0,46176 0,0903 0,18807 

42 0,3321 0,3925 0,26534 0,26852 0,1358 0,106024 0,070572 0,047076 0,66796 0,704312 0,7019 0,712 0,44 0,45196 0,1465 0,2633 

37 0,3566 0,359 0,25914 0,26792 0,1293 0,100579 0,067862 0,045521 0,66116 0,695152 0,6909 0,7005 0,4145 0,44416 0,109 0,2658 

32 0,3661 0,3205 0,25094 0,26632 0,1228 0,094684 0,065052 0,044416 0,65636 0,686392 0,6799 0,689 0,389 0,43836 0,1065 0,2583 

27 0,3606 0,277 0,24074 0,26372 0,1163 0,088339 0,062142 0,043761 0,65356 0,678032 0,6689 0,6775 0,3635 0,43456 0,139 0,2408 

22 0,3401 0,2285 0,22854 0,26012 0,1098 0,081544 0,059132 0,043556 0,65276 0,670072 0,6579 0,666 0,338 0,43276 0,2065 0,2133 

17 0,3046 0,175 0,21434 0,25552 0,1033 0,074299 0,056022 0,043801 0,65396 0,662512 0,6469 0,6545 0,3125 0,43296 0,309 0,1758 
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Appendix H – The ED performance for 2030 with 5 physicians in each shift and 

with 6 physicians in each shift 

Table AH 1: Future ED performance with 5 physicians in the morning shift and 5 physicians in the afternoon shift. 

 

Table AH 2: Future ED performance with 6 physicians in morning shift and 6 physicians in afternoon shift. 

Output 
2030 

Scenario 
1 

2030 
Scenario 

2 

2030 
Scenario 

3 

2030 
Scenario 

4 

Waiting time 
(min) 

Priority 3 (1 consultation) 6,346 7,734 8,349 8,175 

Priority 3 (2 consultations) 18,215 20,500 17,995 20,078 

Priority 4 and 5 (1 consultation) 21,595 24,070 18,398 19,601 

Priority 4 and 5 (2 
consultations) 

35,445 38,666 29,611 31,721 

Scheduled Usage 

Doc1_Afternoon 0,615 0,631 0,567 0,580 

Doc2_Afternoon 0,615 0,616 0,555 0,590 

Doc3_Afternoon 0,584 0,606 0,554 0,575 

Doc4_Afternoon 0,578 0,606 0,543 0,569 

Doc5_Afternoon 0,564 0,600 0,540 0,561 

Doc6_Afternoon 0,551 0,586 0,523 0,546 

Doc1_Morning 0,689 0,698 0,657 0,644 

Doc2_Morning 0,682 0,697 0,657 0,640 

Doc3_Morning 0,683 0,698 0,665 0,640 

Doc4_Morning 0,685 0,702 0,658 0,641 

Doc5_Morning 0,683 0,693 0,658 0,634 

Doc6_Morning 0,680 0,687 0,641 0,629 

 

Output 
2030   

Scenario 
1 

2030 
Scenario 

2 

2030 
Scenario 

3 

2030 
Scenario 

4 

Waiting 
time (min) 

Priority 3 (1 consultation) 13,553 19,749 14,769 13,751 

Priority 3 (2 consultations) 36,629 41,370 38,982 32,259 

Priority 4 and 5 (1 consultation) 56,447 62,908 61,292 44,347 

Priority 4 and 5 (2 consultations) 82,570 94,592 90,201 67,909 

Scheduled 
Usage (%) 

Doc1_Afternoon 0,689 0,757 0,771 0,664 

Doc2_Afternoon 0,683 0,738 0,765 0,646 

Doc3_Afternoon 0,666 0,741 0,755 0,652 

Doc4_Afternoon 0,646 0,733 0,737 0,634 

Doc5_Afternoon 0,616 0,706 0,722 0,623 

Doc1_Morning 0,751 0,761 0,774 0,723 

Doc2_Morning 0,749 0,759 0,773 0,721 

Doc3_Morning 0,738 0,753 0,767 0,715 

Doc4_Morning 0,736 0,745 0,757 0,712 

Doc5_Morning 0,738 0,739 0,756 0,708 


