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Abstract

Emergency medical service (EMS) systems play a fundamental role in society by providing a vital service in initial
emergency care. The purpose of this research is to present the first literature review of hospital selection operational
decision within the context of the EMS system. The main findings were the following: The hospital selection problem
is integrated with the location, dispatch, routing, and size of the ambulance fleet. The main selection criteria were
closeness, hospital care capacities and the shortest queue or greatest number of free beds. The most used performance
measures were the shortest transport and waiting time. Solution techniques include discrete event simulation, queuing
models, mixed linear integer programming, and CPLEX and Arena software. The application of metaheuristics is
scarce; mobile applications and Internet information systems have been implemented for real-time decision making.
It is recommended that the design of hospital selection methods be implemented as well as the technological
developments, considering the participation of the actors of the EMS system.

Keywords: Ambulances, emergencies, health services administration, information technology.

Resumen

Los sistemas de servicios médicos de emergencia (SME) desempefian una funcion fundamental en la sociedad al
prestar un servicio vital en la atencion inicial de urgencias. La investigacion presenta la primera revision de la
literatura que estudia el problema de seleccion de hospital en los sistemas de SME. Los principales hallazgos fueron:
la integracion de la decision de seleccion del hospital con la localizacion y el numero de ambulancias, el despacho o el
enrutamiento de las ambulancias. Los principales criterios de seleccion fueron la cercania, las capacidades de atencion
del hospital y la fila més corta o mayor nimero de camas libres. Las medidas de desempefio més usadas fueron el
menor tiempo de traslado y de espera. Las metodologias cuantitativas mas aplicadas fueron la simulacion de eventos
discretos, los modelos de colas y la programacion lineal entera mixta y los software CPLEX y Arena. La aplicacion de
metaheuristicas es escasa, se han implementado aplicaciones moviles y sistemas de informacion por internet para la
seleccion del hospital en tiempo real. Se recomienda implementar el disefio de los métodos de seleccion de hospitales
y los desarrollos tecnologicos, considerando la participacion de los actores del sistema SME.

Palabras clave: Ambulancias, urgencias médicas, administracion de los servicios de salud, tecnologia de la
informacion.

Resumo

Os sistemas de atendimento médico de emergéncia (AME) desempenham um papel fundamental na sociedade por
fornecer um servigo vital no atendimento inicial de emergéncia. O objetivo desta pesquisa ¢ apresentar a primeira
revisdo da literatura sobre a decis@o operacional de selecdo de hospitais no contexto dos sistemas de AME. As
principais conclusdes foram as seguintes: o problema de selecdo do hospital esta integrado a localizagdo, envio, rota
e tamanho da frota de ambulancias. Os principais critérios de sele¢do foram proximidade, capacidade de atendimento
hospitalar e menor fila ou maior nimero de leitos livres. As medidas de desempenho mais utilizadas foram o
menor tempo de transporte e de espera. As técnicas de solugdo incluem simulagao de eventos discretos, modelos
de enfileiramento, programacao inteira linear mista e software CPLEX e Arena. A aplicacdo de metaheuristicas €
escassa; aplicativos moveis e sistemas de informacdo da Internet foram implementados para a tomada de decisdes
em tempo real. Recomenda-se que seja implementado o desenho de métodos de selecdo de hospitais e também os
desenvolvimentos tecnologicos, considerando a participagado dos atores do sistema AME.

Palavras-chave: Ambulancias, emergéncias, administragdo de servigos de satide, tecnologia da informagao.
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Introduction

The emergency medical service (EMS) refers to the ambulance service and the EMS system
is an integrated general model of a public safety and health care system that includes the
mechanisms for notifying medical emergencies, the provision of pre-hospital and emergency
services, basic and medicalized forms of transportation, hospital care, the work of emergency
regulatory centers, among others. The purpose of EMS is to respond in a timely and efficient
manner to victims of diseases and accidents that require emergency medical attention (1-3).
They are classified in the Anglo-American model and European Model. In the Anglo-American
model, initial care is provided by paramedics who transport patients to the hospital system. The
European model (French, German and Spanish) is medicalized and facilitate in-situ hospital
medical services (takes the hospital to the patient) (4,5).

The importance and sensitivity of the decision making in the EMS have been recognized by
operations research scientists, EMS planners and health professionals who studied problems
in EMS system management (6). These problems can be classified into strategic, tactical and
operational according to the decision-making levels. Strategic decisions are related to the
location of ambulance bases and medical care centers, number and type of ambulances, and
territory division into districts. Tactical problems involve selection and hiring of personnel,
programming of the crew and shifts, and assignment of ambulances to types of tasks such as
emergencies or transfer requests. Operational decisions are made in real time and are associated
to relocation, dispatch, ambulances routing policies, and hospital selection (4,7-9).

EMS systems lack efficient processes for hospital selection decision making that consider
criteria and performance measures focused on improving the patient care experience (10-13).
The selection of the hospital is one of the least studied problems in the literature (11), so it is
recommended that more hospital selection algorithms be proposed (12), as well as new methods
to determine the best ambulance and hospitals, for fast and accurate decision making (14). The
selection of the appropriate hospital with available capacity is a critical and complex decision
in real time that impacts EMS systems efficiency (12,13,15) and affects transfer time (transport
time + queuing time), which is a measure of performance related to the welfare and safety
of patients. The problem of hospital selection is becoming increasingly important due to the
problems of overcrowding in emergency rooms (13).

Below are literature reviews related to the strategic, tactical and operational problems in the
EMS system. An extensive literature examination is made of the recent developments in
operations research techniques for ambulance dispatch and location problems (7). A revision and
analysis of the literature of the EMS system are presented, where the concept of the emergency
care route is introduced following current trends in the health system (6). A general perspective
of the logistical problems that arise for EMS providers is proposed. Approaches and methods
for each strategic, tactical, and operational planning problems are shown (4). A review of the
literature on the EMS vehicle relocation problem was carried out, considering policies, solution
methods, software and performance measures among others (16). A critical overview of the
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existing literature on simulation models applied in EMS operations is provided, pointing out the
problems considered, the modeling assumptions and the results obtained (9).

Many review articles have discussed EMS localization problems (6) and most of the literature
related to EMS systems specifically focus on: location, relocation, dispatch and ambulances
routing policies as manifested in (4,8,12,17-20). In accordance with the above and with the best
knowledge of the authors, there is no evidence of literature review on the selection decision of
the hospital, therefore, this research would be a valuable contribution to fill that gap and promote
scientific advancement in the study of EMS systems.

The purpose of the research was to present a literature review that addresses the problem of
hospital selection in EMS systems. The article presents the following sections: the second
presents the methodology used to search for information; the third presents findings including
research objectives, hospital selection criteria, performance measures considered, quantitative
methodologies, applied software and Information and Communication Technologies (ICT) that
have been evaluated or proposed to address the problem of hospital selection in EMS systems;
finally, the discussion and conclusions of the research are presented.

Methods

As a search strategy, publications that fulfilled the following criteria were selected: 1) those that
involve the operational decision of hospital selection or assignment patients to hospitals, under
emergency conditions, by means of quantitative methods and ICT developments; 2) those that
mention hospital selection criteria, within other strategic, tactical, and operational problems,
treated as main problems in these studies; and 3) those that they have identified the selection
criteria of the hospital, according to the experiences of patients transferred by ambulances.
Publications that did not evidence criteria for hospital selection were excluded.

We initially defined the components of the question according to the PICO strategy
(Patient or Problem, Intervention, Comparator, Outcome) (21), which were P: Selection
of the hospital for ambulance transportation of patients in emergency conditions. I:
Quantitative methods, theoretical models, as well as developments in information and
communication technologies used to choose the best destination hospital. C: Not applicable.
O: Improvement of EMS system performance measures such as reduced transport times,
waiting times, mortality rates, workload balance, among others. Subsequently, the descriptors
were searched in MeSH, corresponding to the components of the question, with which
the following search terms, used in MEDLINE, were constructed: (("Emergency Medical
Services/organization and administration"[Mesh]) AND "Models, Theoretical"[Mesh]) AND
"Ambulances"[Mesh]; (("Emergency Medical Service Communication Systems"[Mesh]) AND
"Models, Theoretical"[Mesh]) AND "Ambulances"[Mesh]; (("Emergency Medical Service
Communication Systems"[Mesh]) AND "Geographic Information Systems"[Mesh]) AND
"Ambulances"[Mesh].
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At the same time, the Scopus, Web of Science, Science Direct and Springer databases were
consulted using keywords such as ("emergency medical service" OR "emergency medical
service system" OR "emergency medical system") AND ("hospital selection" OR "ambulance
logistic" OR "emergency department"). Duplicate documents were removed. Also, more
publications were identified based on the reference list from the selected documents. The
selection was carried out through the review of the title, abstract and the conclusions of
the publications. Finally, 49 documents were selected, including journal articles (47.92%),
conference articles (37.5%), doctoral dissertations (8.33%), book chapters (4.17%) and
technical reports (2.08%). 68.75% were published after 2010, 20.83% during the first decade
of the millennium and 10.42% in the last century. Of the publications, 37.5% were published
in the USA, 6.25% in Canada, 33.33% in Asia, 10.42% in Europe, and the rest in the Middle
East, Africa, Australia and South America.

From the literature review it was possible to obtain the research objectives, the hospital selection
criteria and performance measures, the applied quantitative methodologies and tools, and the
ICT used and developed. Each of these aspects is presented in tables, which organize the
information in order of importance, accompanied by a description of each of the publications,
grouped by hospital selection criteria individually or integrated.

Findings
Main objectives of the publications

The publications that solved the problem of hospital selection considered the following main
objectives: To design a method for the optimal allocation of patients in ambulances to hospitals
(12,22-28); design a system or model for hospital selection decision-making (10,13,28-30);
determine the optimal route to the hospital (15,31-35); evaluate or determine the effects of the
implementation of mobile applications or information systems over the Internet, for hospital
selection (36-39); develop mobile applications or information systems through the Internet for
communications, patient transport, and hospital selection (32,33,40,41).

The objectives considered one or several strategic, tactical, and operational decisions of the
EMS system. The following are the ones that considered a single decision, such as the selection
of the hospital or vehicles routing to the hospital, and those that make multiple decisions of
different nature, such as hospital selection with location, dispatch or routing of ambulances.

Hospital selection. Policies for assigning patients transported by ambulance to the emergency
rooms of the regional hospital network were defined (22,26). The impact of several hospital
selection policies (closer, deviation, join the shorter queue and shorter transfer time) on
response time were investigated and the PCC policy was proposed, which integrates three
decision principles (Proximity, Congestion, and Centrality) (13). Appropriate diversion policies
parameters were found for each hospital in a geographical area, by combining two destination
policies with three ambulance diversion policies (42). A hospital selection policy is proposed
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that includes patient and hospital criteria, with the aim of improving pre-hospital care times, the
results of which improve the policy of closeness and partial data from historical records of the
Bogota emergency medical care service in 2014 (10).

The effectiveness of the different mechanisms to provide information on the status of hospitals
to the EMS and ambulance patients, to decide which hospital will be in better conditions to
provide patient care with minimum waiting times, was studied (30); in (29) a support system
for decision-making on the individual selection of hospitals is presented; and in (24) a model
was designed and implemented to predict the effect of changes in hospital allocation policies,
applied to an EMS, on system performance and patient survival.

Some researchers developed real-time medical information systems, with access by mobile
applications or by Internet: the effects of mobile application for hospital selection of patients
in emergency were evaluated (36); the potential impact of a mobile information system
company to support EMS communications was explored, facilitating patients sending to the
appropriate hospital (37); mobile technology was analyzed for processes between ambulances
and emergency rooms, which helps in the diagnosis and recommends patient admission to a
specialized unit (37); the effect of an information system on the current state of the emergency
rooms was determined in the diversion of ambulances. In the prehospital stage the patient
is classified in the Triage, allowing the EMS to make the decision to transport him to the
appropriate hospital (39).

Routing of vehicles to the hospital. An optimal ambulance routing model was designed from the
dispatch site to the ambulance base location (31); the best route (the nearest and the fastest) was
determined considering the most recent traffic condition. If there are unexpected factors during
the transport, the hospital selection can be changed to a nearby one (35).

Hospital selection - Location and number of ambulances. A joint planning model was proposed,
which integrates the strategic decision on location and size of the ambulance fleet, and
operational decisions on patient allocation in hospitals (23).

Selection of the hospital - vehicle routing. A decision-making system for the selection of an
optimal route and a target hospital was designed, considering dynamic factors such as traffic
flow, population mobility and hospital capacities (15). It was proposed to develop a mobile
application to select the appropriate hospital and the optimal route (32,33).

Hospital selection - ambulance dispatch. 1t is proposed the development of a comprehensive
medical emergency system and its communication processes, for the selection of ambulances
and hospitals (40). An integrated cloud-based architecture was developed, which provides
information for the selection of appropriate ambulances and hospitals (41). A model was
suggested for ambulances dispatch and the selection of the appropriate hospital, based on an
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algorithm that relates the number of available resources of each hospital with transport time,
considering the priority of the patients' urgency (12).

Criteria for hospital selection and performance measures

Table 1 shows the hospital selection criteria and performance measures for the publications that
solved the problem of hospital selection. Table 2 displays the hospital selection criteria and
strategic, tactical, and operational decisions studied in the publications that mention hospital
selection criteria, and the publications that identified hospital selection criteria, according to
experiences of patients transferred in ambulances.

The criteria that presented the greatest application were: closeness with 83.33%; hospital care
capacities with 62.5%, and shortest queue or highest number of free beds in the emergency room
with 45.83%. Some publications consider multiple criteria to select the hospital, others analyze
each of the criteria separately, comparing results with performance measures.
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Table 1. Hospital selection criteria and performance measures

Criteria for hospital selection Performance measures (Minimize - Maximize)
-4
-1 < gl 3; £ E g :
1Sl 8] [BIEI®I8lclelelelolal (8B 2 elelgl |52
I P IR R e - A T
Author(s) HHEEHS HHEE R R HEE
dHEHEEE HHEEHHFHHS B EE T
=
Urgent care
(32) Vijayalakshmi et al. (2018)
(36) Mirino (2017)
(15) Knyazkov et al. (2015)
(31) Ramirez-N. et al. (2011)
(43) Chockalingam et al. (2010)
(10) Rojas Cortés et al. (2018)
(26) Almehdawe et al. (2016)
(22) Leo et al. (2016) -
(23) Yang et al. (2016)
(13) Lee (2014)
(12) Gnanasekaran et al. (2013)
(30) Enders (2010) ._
(29) Chi (2009)
(24) Wears et al. (1993)
Disaster care
(25) Sung et al. (2016)
(27) Bull (2012)
(28) Wang et al. (2012)
(35) Jotshi et al. (2009)
Proposals for the design and development of information and communication systems
(37) Katayama et al. (2017)
(34) Nimbalkar et al. (2014)
(33) Househ et al. (2014)
(38) Schooley (2013)
(41) El-Masri et al. (2012)
(42) Poulymenopoulou et al. (2012)
(39) Holtmann (2007)
(40) Sprivulis et al. (2005) .

Source: Own elaboration.

In addition to the criteria in table 1, some studies considered other hospital selection policies,
such as the preferential selection policy, which considers the historical data of patient transfers
to hospitals, to determine a probability of choosing a particular hospital (30,43,44). In the same
way, an empirical distribution that characterizes the hospital selection process was determined
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(45-47). Hospitals are assigned within a jurisdiction, which must respond to emergencies
presented in this area, considering their proximity to the event (45,48).

Regarding the performance measures in table 1, those that are used most frequently to evaluate
the criteria for hospital selection in an individual or integrated manner are: time of transport to
the hospital and waiting time in the emergency room, with 33.33% each; response time, use of
resources (ambulances and hospitals or trauma centers) and mortality rate, with 8.33% each.

Table 2 exhibits the studies focused mostly on the strategic level, with decisions based on
location and size of the ambulance fleet with 38.89% each, and the dispatch of ambulances with
16.67%. Some publications considered the integration of strategic-strategic, strategic-tactical,
and strategic-operational decisions.
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Table 2. Hospital selection criteria and main decision studied

Author(s)

Criteria for hospital selection

Decision studied

Nearest

Deviation

Shorter queue or free beds
Greater number of beds
Quality of service
Centrality
Patients on the way to the hospital
Attention capabilities
Insurance coverage
Patient resources

Desire of the patient or the family

Location of ambulances

Location trauma centers

Number of ambulances

Number of paramedics

Ambulance dispatch

Relocation of ambulances

Work shifts

Ambulance routing

EMS system design

Planning in disaster care

Urgent care

(14) Laksono et al. (2017)

(19) Phyo et al. (2017)

(11) Aboueljinane (2014)

(44) Stein (2014)

(45) Shin et al. (2013)

(46) Van Buuren et al. (2012)

(47) Lee et al. (2012)

(48) Silva et al. (2010)

[}

(49) Aringhieri et al. (2007)

(50) Ingolfsson et al. (2003)

(51) Su et al. (2003)

(52) Su et al. (2002)

(53) Repede et al. (1994)

(54) Swoveland (1973)

(55) Fitzsimmons (1971)

(56) Savas (1969)

Disaster care

(57) der Heide (2006)

(58) Inoue (2006)

Experiences of patients transported in ambulances

(59) Lam et al. (2015)

(60) Newgard et al. (2013)

(61) Newgard et al. (2011)

(62) Vandeventer et al. (2011)

(63) Rau et al. (2011)

Source: Own elaboration.

— _ o
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Quantitative methodologies and software

Table 3 presents the quantitative methodologies applied to the problem of hospital selection,
which was classified into mathematical programming, simulation, heuristic and metaheuristic
methods.

Table 3. Quantitative methodologies applied in hospital selection research

Quantitative methodology Reference % % Total

Linear programming [27] 3,85

Mixed 1nteger linear 122,23 25] 11,54

programming

Linear mul'tlob] ective 132] 3.85

programming

Non-linear programming [26,29] 7,69

Algorithm for the hyper
Mathematical | diminished road 32] 3,85 65.38
programming | Dijkstra Algorithm [32,35,36] 11,54 ’

Floyd-Warshall Algorithm [36] 3,85

Queue model

(simple, multiple) 15,261 7569

Quepe model with Markov [26.30] 7.69

Chain

Machine learning

(support vector machine) [29] 3,89

Discrete events simulation | [10,12,13,26,30,31] 23,08

Agent-based simulation [28] 3,85
Simulation Simulation with Petri [43] 3.85 34,62

Networks

Discrete-Continuous

Simulation [24] 3,85

Statistical predictive

algorithm 122 %8
Heuristic Search algorithm A* [34] 3,85 11,54

Preparation algorithm

(modified) [12] 583
Metaheuristics | Genetic algorithm [31] 3,85 3,85

Source: Own elaboration.

In table 4, the software used to solve mathematical, simulation, heuristic and metaheuristic
models were identified. Although a great variety of computer tools were used for the simulation,
the Arena software stands out more frequently. The optimization models were mostly solved by
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IBM ILOG CPLEX software. Below is a description of the quantitative methods and software

applied, in each of the publications, which are grouped by hospital selection criteria in an
individual or integrated manner.

Table 4. Software used

Software References % % Total
IBM ILOG CPLEX [22,23,25] 15,38
Optimization | Matlab [26] 3,85 23,08
AIMMS [27] 3,85
Arena [11,13,30,48] | 15,38
E;;E;ggr AMImInG [31,46,47] | 11,54
SIMSCRIPT II.5 [24,53,55] 11,54
eM-Plant [51,52] 7,69
X;S;?iif;‘; for [10,50,58] | 7,69
Simio [44] 3,85
Simulation P, lation AutoMod [41] 3.85 231
US Defense Minisay | B9 | 385
Microsoft Excel [50] 3,85
Promodel [50] 3,85
FORTRAN - GPSS [54] 3,85
Repast Platform [28] 3,85
Anylogic [49] 3,85
o BestFit [51,52] 7,69
Statistics 11,54
IBM SPSS [70] 3,85

Source: Own elaboration.

)
It

Selection of the hospital with the closest criterion. A mathematical model of optimal routing
was designed, which integrates the diffuse multi-objective linear programming and an algorithm
for the hyper-diminished path in the proposed EMS system, which minimizes considered times
(response + transport to hospital + transport to the base) (31). The best route was determined
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using the Dijkstra algorithm to establish the fastest travel time, and then calculating the fastest
distance based on the last traffic condition by applying the Floyd-Warshall algorithm (35). The
Dijkstra algorithm was considered with dynamic factors such as traffic flow, road graph change
and population mobility (15).

Selection of the hospital with the ambulance diversion criterion. A mathematical model of the
flow of patients and resources in a hospital system was developed by means of Petri Nets, which
were simulated in the Automod software. A stochastic differential equation that models the
proximity of hospitals to enter a state of ambulance diversion to the nearest available hospital
was obtained. The utilities and the number of patients leaving the system due to the long waiting
times in the emergency room were considered as metrics (49).

Selection of the hospital with the integration of multiple criteria. Studies found the optimal
thresholds that define the state of “diversion of ambulances”, through multi-objective genetic
algorithms and a simulation model to evaluate the performance of the set of integrated criteria
(nearest hospital-diversion of ambulances, hospital less congested- diversion of ambulances),
for each hospital. The C ++ programming language was used in order to minimize transport,
waiting, and observation times in the emergency room (42).

Patients in ambulances were assigned to emergency rooms by means of a Mixed Integer Linear
Programming (MILP) model that minimizes transportation and waiting time, the penalty of
workload imbalance between emergency rooms, and maximizes quality of the care services
provided. The model was proposed with relaxation (22). For its part, the MILP model (23)
assigns ambulances from location j, to meet a demand in district i and transfers it to hospital
h, considering the level of severity of patients, with the objective of minimizing construction
costs of ambulance fleet location, as well as the cost of response and transport times. The theory
of the loss of quality of Taguchi was used, which obtained a concave quadratic function that
represents the cost of loss of life of patients, in relation to time. The CPLEX software was used
to solve the models.

The research of (26) developed: A stylized queueing network model with blocking following a
decomposition approach, which was validated through a discrete event simulation (DES) study;
a queueing model with Markov chains for a single network of emergency departments, solving
their exact distribution in steady state; and an optimization model for finding the probabilities
of routing ambulances to emergency rooms, minimizing offload delays, which was solved using
Matlab software. In (13) the impact of several hospital selection policies was investigated, which
were evaluated in several scenarios through a DES model implemented in the Arena software,
minimizing the response, transport, and waiting times. The emergency room was simulated on
a single-queue model. (10) The proposed hospital selection policy was evaluated through the
DES (Monte Carlo simulation) that was performed in Excel Visual Basic.

A coordination mechanism (hospital selection criteria) or deviation levels was investigated using
a simplified queue model, and then a wider variety of coordination mechanisms was considered,
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using a DES model implemented in the Arena software, which minimizes waiting time in
the emergency room and maximizes hospital utilities (30). Machine learning methods such as
support vector machines were used. These methods learn a decision function that becomes an
objective function, and then a multi-objective model that combines lower mortality rate, absence
of complications and shorter travel distance was used (29).

The research by (12) modified the preparation algorithm to incorporate ambulance capacity
and patient’s priority. An algorithm that assigns more priority to the relationship between the
available resources of each hospital and the time of transport was proposed. DES was used to
simulate different scenarios. In (24), a discrete-continuous simulation model was designed and
implemented through the SIMSCRIPT IL.5 software, where they experimented with different
hospital allocation policies, considering the emergency severity and metrics such as the use of
resources (trauma centers and ambulances) and the mortality rate.

For the development of mobile applications: In (32) it is proposed to use a statistical algorithm
that will use three data sources to predict the optimal hospital for patients, according to their
medical condition, quality ratings of care, waiting times, and shorter distance; in (33) the
application will provide the optimal route for the hospital by means of the A * search algorithm.

Technological information and communication

Table 5 shows the ICT applied in the publications, which are grouped by individual or integrated
hospital selection policies, which are presented below.
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Table 5. Information and communication technologies applied

Information and cor.nmunication References %
technologies

Mobile apps [33,34,37,38,41] 33,33
GPS [19,33,34,38,41] 27,78
ArcGis [23,44,47] 16,67
Google Maps [10,29,34,36] 22,22
OpenStreetMap [15] 5,56
Yandex Maps [15] 5,56
MapQuest [29] 5,56
Baidu Maps [23] 5,56
Google earth [19] 5,56
Tele Atlas [46] 5,56
GIS [28,49] 11,11
Ef,(;;n;tligé system of the emergency (39-41] 16,67
Electronic health record online [34,41] 11,11
Android operating system Google [34,42] 11,11
Amazon cloud infrastructure [42] 5,56
Apache application server [42] 5,56
Bluetooth Mobile communication (39] 5.56
GSM / HSCSD, GPRS / UMTS

Source: Own elaboration.

Selection of the hospital with the closest criterion. A mobile application with three interfaces is
proposed. The startup interface provides an accurate picture of the location to users. The second
is the address interface, which shows in order the location of the nearest hospitals as well as the
distance and travel time, the hospital image, the address, and the contact number. And the third
is the localization interface, which displays the route for the selected hospital (35).

Data sources such as road charts were used from OpenStreetMap and for optimal routes,
according to current traffic conditions, Yandex.Maps was used (15). In (50) Tele Atlas data
was used for information on road networks and geographic information. The locations of the
emergency services (fire, police, and hospitals) were obtained from the Fire Department, Google
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Earth, and the GARMIN etrex-10 GPS device (19). The distance to the place of the scene was
calculated using the geographic information system (GIS) (51).

Selection of the hospital with the integration of multiple criteria. In (23) a tool was developed
that uses the Baidu Maps JavaScript API functionality, to locate the demand and service nodes
directly with the interface, and then accurately obtain the patients in each district. In addition,
ArcGIS Map to shows the optimal location of ambulances was used, when several sites are
available. In (52) information on the location of candidate sites for trauma centers and heliport
bases has been coded geographically to generate their coordinates using the ArcGIS commercial
software.

In (45) the incident grouping was done by first drawing all incident coordinates as points on a
map, using ArcGIS. Then, a grid overlay was created to cover the extent of the plotted points,
using the ArcGIS network tool. Finally, the map layer containing incident points was joined to
the grid, and a count of points was made per cell of the grid. In (28), GIS data were used to build a
transportation network, along with data on ambulances and hospitals locations, and ambulances
available capacity, EMS personnel, and hospital beds. To estimate road distance, (52) proposes
to use MapQuest program or Google Maps, (10) used Google Maps API to estimate ambulance
travel time.

The following publications are evaluations of mobile applications or information systems in
real time, such as:

The ORION application of (36) allows choosing the symptoms listed according to the patient’s
vital signs and medical background, and then the appropriate hospitals are listed with their
availability, and a telephone call is automatically made to the chosen hospital to confirm
acceptation. The application of (37) allows to capture and transmit digital images, video and
digital audio, about patients and information related to emergency incidents to the appropriate
hospital before arrival, as well as the location, using global positioning system (GPS).

The application of (41) allows the selection of appropriate ambulances and hospitals, based on
patient triage, availability of hospital resources, proximity and, optionally, the load balance.
Amazon’s cloud infrastructure was used for the prototype. The workflow module, the REST
services, and the developed web application were hosted on the Apache application server, while
the mobile application was developed on Google's Android operating system.

The Stroke Angel system of (38) helps in the diagnosis of cerebrovascular accidents and manage
of other patient data, where the system issues a stroke alert and recommends the patient's
admission to a specialized unit. The information is sent to the emergency room so that it is
prepared. The system is connected via Bluetooth to a mobile phone, which establishes a wireless
data link using mobile communication technologies such as GSM / HSCSD, GPRS or UMTS.
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An information system, accessible via the internet, was proposed in real time, which provides
data on the current status of the emergency departments, regarding workload conditions (http:/
/www.health.wa.gov.au/emergencyactivity/edsv/index.cfm) (40).

The following publications propose designs for mobile applications, such as:

The application of (33) will allow access to the electronic medical record of the patient, use the
database to find the nearest specialized hospital available and suggest a list to the user, depending
on the type of emergency, doctor availability, and distance from the patient. In addition, it will
provide the optimal route and current hospital data, such as available beds and the number of
physicians available with their respective specialization. The application will use Google Maps,
GPS, and Google's Android mobile operating system.

The application of (32) will provide patients with an interface to choose the optimal emergency
room with the shortest travel time and the shortest route (using Google Maps and GPS), the
shortest waiting times and the best quality of attention. The system proposed by (40) will allow
locating the nearest ambulance, creating a record of the patient's medical condition that will be
communicated to the hospital, and this will be linked to their electronic medical record, then the
application selects the nearest specialized hospital, presenting information on the availability
of beds and resources. It will be necessary that mobile phones and ambulances are equipped
with GPS.

Discussion

The objectives defined in the publications propose one or several decisions at a strategic, tactical
and operational level of the EMS system. The selection of the hospital has been oriented towards
the design of models or the assignment of patients in ambulances to emergency rooms, with little
implementation. The hospital selection has been integrated with the location, dispatch, routing
or size of the ambulance fleet. In (7) the programming approach was identified at two levels,
including location decisions and routing strategies, such as problems incorporated within one
another.

The study reveals that the most frequent criteria for hospital selection were closeness, hospital
care capacity and a shorter queue or greater number of free beds in the emergency room. In
Pittsburgh (USA) (30), about 90% of patients have an emergency room preference based on their
health insurance or the location of their home. However, in Edmonton (Canada), more than 50%
of patients are not transported to the nearest hospital (44). In (53,54) it was identified that the
desire of the family or of the patient victim of trauma are the most common reasons for selecting
hospitals. In (55) the selection criterion is the hospital's capacity for care, but there were patients
with mild severity who were transported to a high-level hospital, without considering a longer
waiting period, contributing to the over-occupation of the emergency rooms. In (9) the results
of the simulation showed that the combination of decision criteria worked better than decisions
based on few or no criteria (random assignment) with respect to the measure of mortality.
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According to the hospital selection criteria identified, it can be analyzed that closeness does not
always have good results in the case of non-critical patients, since emergency rooms may have
long waiting times. In the case of the criterion of the shorter queue or free beds (congestion),
not all EMS systems have this information in real time, since some lack information and
communication technologies. Hospital care capabilities are not always well used, since high-
level hospital mostly care for patients with mild or moderate medical conditions. And insurance
coverage restricts access to certain hospitals that might be good candidates. Because of this, the
EMS system could be affected in the following way: overcrowding in the emergency rooms, in
the time slots and days of the week of greater demand; long delivery times of the patient in the
emergency room; delays in the return of stretchers, leaving the ambulances out of service; and
diversion of the ambulances to other medical centers, which puts the health of the patient at risk
and affects the efficiency of the EMS system.

The most used performance measures were the shortest transport and waiting time in the
emergency room. In (4) there are few EMS planning studies at the operational level related to
the transport of patients. Hence the importance of investigating the improvement of transport
times, to provide solutions to real problems, considering (7) the dynamic and complex nature
of the EMS systems and the variability of transport times.

In general terms, the research that aims to solve the problem of hospital selection by quantitative
methods only reaches the design phase. Few cases show the implementation and permanent
use of the tools designed, such as the study (22) whose methodology and developed software
are currently used by the Department of Epidemiology of Lazio, Italy. Research on mobile
applications or information systems over the internet has been focused on the design and
implementation process; however, in (32) there was difficulty in the design and availability of
information in time real, making modifications to the initial approach.

The majority of researchers considered the design of optimization models, using exact methods
such as linear programming, MILP, nonlinear programming and single or multiple queue
models, which were validated by DES models. In order to determine the best route to reach the
scene and then to reach the hospital, the traditional, dynamic and modified Dijkstra algorithm
was used. Some publications also consider current traffic conditions. There is little application of
metaheuristics in the problem of hospital selection. The optimization models and the simulation
models were mostly solved through the CPLEX and Arena software, and the C ++ programming
language, respectively.

In (16) and in (56) DES and mathematical programming were also identified as the main
quantitative methodologies, for the problems of the relocation of vehicles of EMS and the
optimization of the emergency rooms, respectively. In (57) the queuing theory was identified
to solve the problem of overcrowding in emergency rooms. For (9) simulation, mathematical
programming, and queuing theory models have been used to improve the performance of EMSs.
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Most of the simulation studies focused on the location decision, and the mathematical models
for the relocation problem. In (6) most simulation approaches are based on DES. Despite the
availability of many mathematical tools and information technologies that support decision-
making, in Italy, the EMSs usually locate and manage their ambulances based on the experience
of the operators and not on quantitative tools (58).

For (6) further research is required in optimization hybrids with other quantitative
methodologies, to understand when the simulation should be preferred to analytical models. The
combination of optimization techniques with stochastic (generalized) Petri Nets, which can be
solved more efficiently than a DES model, seems unexplored. Due to the nature of uncertainty
in the EMS system, (7) they state that robust optimization models are useful to consider the
worst scenarios, providing valuable insight for decision making.

In the literature reviewed, some mobile applications have been developed or planned to be
developed in Google's Android operating system. To determine a specific location, information
on the road network and the shortest route, the researchers used or plan to use a wide variety of
GIS software, most often ArcGIS and Google Maps, along with the requirement that ambulances
and mobile devices have a GPS. In (9) GPS in ambulances, to determine geographical position,
and GIS, to model travel times, are useful to evaluate more realistic contexts and to measure
the impact of periodic updating of the positions of rescue teams throughout the day, in terms of
costs and punctuality. The importance of the use of GPS and GIS are highlighted, which have
allowed obtaining and processing data in real time, necessary to work on the problem of vehicle
relocation (16). In (6) to manage over-occupation, a pilot project on the use of ICT that provide
real-time data on the workload is underway in Italy.

The development and implementation of ICT, using mobile applications and internet
information systems, require an investment in the EMS system for its operation and functioning,
such as equipment, software, devices, and personnel, which guarantee the transmission of
information and communication in real-time, between the actors of the system. As countries
develop in science and technology, and as a political class committed to health includes this
type of technical and technological development in its budget, the probability that developing
countries will adopt these technologies and improve the delivery of services in the EMS system
increases.

The reality of some EMS systems is that they make decisions subjectively, based on experience
as presented in Italy (58) and in Bogota, Colombia, where the selection of the hospital is made
by the regulating physician, from the emergency regulation center, without any support from
a quantitative tool (10). Another aspect is that emergency rooms are generally overcrowded,
so selecting the appropriate hospital is very important (13), to maintain a balanced workload
in the emergency network, applicable in countries with a universal health care system, such
as Australia and Canada (29), and ensure timely care for patients. Therefore, this literature
review presents a variety of applied methodologies for government, health authorities and
EMS managers to conduct research and implement appropriate information and communication
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methods and technologies, with scientific support from universities and specialized research
centers through the establishment of agreements to contribute improve the management and
operation of the EMS system.

Conclusions

There is a widespread concern among researchers to improve the performance of EMS systems
in developed countries in North America, Asia and Europe, where the largest number of
studies is evident. Publications show that the hospital selection has been integrated with other
decisions such as location, dispatch, routing and size of the ambulance fleet. Among the hospital
selection criteria and the performance measures considered in the EMS system are proximity,
hospital care capacity, the shortest queue or the largest number of free beds, and the shortest
transport time and wait in the emergency room, respectively. The application of the DES and
the mathematical programming methods that were solved through the software CPLEX, Arena,
and the programming language C++ were identified. The application of metaheuristics in the
problem of hospital selection is scarce.

Due to technological advances in information and communication systems, mobile applications
and Internet information systems have been implemented in developed countries such as the
USA, Japan, Germany, and Australia, which provide real-time information on the occupation
conditions of the emergency rooms, and allow online data transmission of the patient's medical
history, to support decision-making processes at the operational level, such as hospital selection.

It is recommended that investigations continue to be carried out in the hospital selection decision
since it is one of the least studied in the literature of the EMS system. This decision should be
integrated with others at a strategic, tactical and operational level considering the integration of
selection criteria that include health insurance coverage (it depends on the health system of each
country), the quality of service and the patient's desire. Likewise, it is recommended that they
are evaluated by means of DES models such as Petri Nets, due to the complex and stochastic
nature of the system, adopting the appropriate performance measures for the improvement of
the EMS system. Finally, it is recommended that the design of hospital selection methods be
implemented as well as the technological developments, considering the participation of the
actors of the EMS system.
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