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Abstract

Background. The emphasis on using big data is growing exponentially in several sectors
including biomedicine, life sciences and scientific research, mainly due to advances in
information technologies and data analysis techniques. Actually, medical sciences can
rely on a large amount of biomedical information and Big Data can aggregate
information around multiple scales, from the DNA to the ecosystems. Given these
premises, we wondered if big data could be useful to analyze complex systems such as
the Emergency Departments (EDs) to improve their management and eventually
patient outcomes.
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Methods. We performed a systemaitic review of the literature to identify the studies that
implemented the application of big data in EDs and to describe what have already
been done and what are the expectations, issues and challenges in this field.

Results. Globally, eight studies met our inclusion criteria concerning three main
activities: the management of ED visits, the ED process and activities and, finally, the
prediction of the outcome of ED patients. Although the results of the studies show good
perspectives regarding the use of big data in the management of emergency
departments, there are still some issues that make their use still difficult. Most of the
predictive models and algorithms have been applied only in retrospective studies, not
considering the challenge and the costs of a real-time use of big data. Only few studies
highlight the possible usefulness of the large volume of clinical data stored into
electronic health records to generate evidence in real time.

Conclusion. The proper use of big data in this field still requires a better management
information flow to allow real-time application.

Introduction

There is a huge and increasing interest on Big Data and its applications, even if there is
not still a unique definition for it. Big Data could be defined as a massive volume of
heterogeneous data [1], or as electronic data sets so large and diverse that they cannot
be easily managed with traditional software [2]. But the clearest and common definition
is through the "4 Vs": volume (scale or quantity of data), velocity (speed and analysis of
real-time or near-real-time data), variety (different forms of data, often from disparate
data sources), and veracity (quality assurance of the data). The first 3 Vs are found in
most literature [3,4] and could be considered distinguishing characteristics of big data
[5]. The fourth V could be considered as a goal [6]. Thus, the label “big data” refers to
more than just the volume of data; it also refers to the use of a wide variety of sources,
such as genetic sequences, social media, purchase records, mobile device tracking,
medical monitoring devices, electronic health records (EHRS), wearable video devices,
health-related mobile phone apps, and other electronic traces left by the progressive
digitization of modern life [7].

Despite the challenges that big data needs to overcome, the advanced analytics that
are promised through big data offer incredible opportunities for most stakeholders in
health care. Emergency Departments (EDs) are one of the most important units of
hospitals and one of the main way of patient’'s admission. EDs produce daily a vast
amount of data and can really benefit from big data analytics which, in turn, may offer
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a great opportunity to improve resource use, reduction of costs, optimize supplies and
staffing, decrease wait times and eventually improve the quality of care provided to
patients and outcomes [8]. Gathering also nontraditional digital information, such as
social media (like Facebook and Twitter), Google Trends and environmental data could
be useful to perform disease surveillance and to operate in real-time in emergency
situations.

Two of the most important opportunities offered by big data in ED are the development
of useful forecasting tools and simulation models [9]. Classic prediction models have
few variables and need to be very simple, to be easily managed by providers, but with
the advances in technology it can be possible to have tens or hundreds of variables
enabling a more tailored medicine, able to manage patients with complex disease too.
This prediction tools could consider the entire patient's clinical profile and benefit from
nonclinical factors [10].

The aim of this systematic review is to analyze the results of the studies that
implemented the application of big data in ED and to describe what have already been
done and what are the expectations, issues and challenges in this field.

Methods

Literature search and eligibility criteria

To describe the application of big data in ED, a systematic review of the literature was
performed between January 2017 and March 2017 through PubMed and Scopus
databases, using the following search string: (big data) AND (emergency care OR
emergency department). The articles were retrieved from electronic database and
hand search of references of retrieved studies and duplicates were removed. After
screening for title some articles were excluded. Articles were considered eligible if the
studies focused on the topic of the application of big data in ED and were in English
language. No restrictions were applied to type of publication (e.g. editorials papers,
short reports, systematic review, conference proceedings, commentaries, books
reviews, dataset) and to setting and country of the studies. Two authors reviewed
abstracts and full text of the resulting articles and disagreements were resolved by
consensus. Articles not pertinent to big data and management of ED or emergency
care or not providing sufficient details were excluded.

Data collection and analysis
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Two authors independently extracted results from the retrieved articles, disagreements
were resolved by a third author. Reviewers used a summary table to identify the key
points from each article. The most relevant trends founded were discussed by
researchers during one more consensus meeting after which reviewers were able to
identify some common themes that emerged about the application of Big Data in
Emergency Department that permeated multiple articles.

Results

Globally, eight articles met the inclusion criteria and were included in the systematic
review (Figure 1). Because of the relevant heterogeneity of emerged themes, the
retrieved articles were categorized into specific subtopics. Researchers identified three
subtopics described separately below: (a) management of ED visits; (b) ED process and
activities; (c) prediction of the outcome of ED patients (Table 1).

Management of ED visits

Araz et al. [1]], Ram et al. [12] and Scales et al. [13] investigated the possibility to use big
data to predict the amount of ED visits in specific situations to improve the
management of patient’s access, triage and high-cost patients. First two studies
correlated internet data with data from electronic health records (EHRs) and clinical
data to predict the amount of ED visits. Araz et al. [11] developed, through a cross-
sectional study, a forecasting model to better manage hospital and other health care
resources and improve service quality in near real time during the seasonal influenza
outbreak. To evaluate which were the most accurate variables to predict influenza-like-
illness-related (IL-related) ED visits, authors performed a correlation analysis using the
following variables: Omaha and Nebraska Google Flu Trends (GFT) data, Douglas County
positive laboratory test results for influenza antigen, Douglas County ILI surveillance
data, and Nebraska ILI provider data. After the analysis to estimate ILI-related ED visits,
they showed that the use of GFT data can greatly improve statistical forecasting and
surveillance of ILI-related ED visits. Ram et al. [12] introduced a new prediction model to
estimate the number of asthma-related ED visits in a specific area. Authors combined
asthma-related ED visits data from EHRs, social media data from Twitter, internet users’
search interests from Google and pollution sensor data from the United States
Environmental Protection Agency (EPA), all coming from the same geographic area and
the same range of time. By the analysis of the relationship between data from ED visits
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with each data source, they showed that the higher prediction accuracy was achieved
combining air quality data with Twitter data. The aim of Scales et al’s [13] retrospective
cohort study was to assess both the incidence and the variables associated with
revisits to ED of patients affected by kidney stones. The data of all patients of California
were collected from three databases: the California Emergency Department Database
(SEDD) that collect the total sample of ED visits which do not lead to hospitalization; the
California State Inpatient Database (SID) that collect also the ED hospitalizations; the
State Ambulatory Surgery Database (SASD) that gather all the ED revisits that required
urgent ambulatory procedures. Through multivariate analysis, the authors showed that
the 11% of all patients had at least one secondary ED visit within 30 days of the first visit.
Analyzing covariates of all the cohort study, the authors did not found differences in
revisits proportion between males and females, while small difference emerged in
Hispanic and young patients. Moreover, revisits were directly associated to insurance
status (the risk was lower in patients with private insurance vs. Medicaid payee), and
inversely associated to the density of urologic care in different residential areas and the
performance of a complete blood count at the first ED visit.

Emergency Department process and activities

Three studies described how to increase the quality and safety of first aid management,
creating real-world simulations using advanced technologies capable of capturing
large data volumes [14,15,16]. Chong et al. [14] aimed to build an efficient operating
system to improve the management of the EDs taking into account waiting time,
occupancy, admission volume and staff numbers. The authors built a patient flow
model integrating a qualitative phase (conceptual model development, expertise
review, conceptual model finalized) with a quantitative phase (stock and flow
development, model equations development, data integration, scenario design and
testing, sensitivity analysis, model validation). Through the use of a system dynamic
model, which is an approach to understand the nonlinear behavior of complex systems
over time, the inputs (i.e. acute bed numbers, maximum waiting room capacity, average
staff numbers per site), collected from different sources (expertise review, Hong Kong
Hospital Authority, Hong Kong Census and Statistics Department statistics, Accident &
Emergency Medicine Academic Unit), were integrated into the patient flow model to
estimate the outputs (i.e. duration in ED, occupancy in waiting room, acute bed
occupancy). A pilot simulation showed that modulation of some parameters, like staff
number and bed capacity, can improve the time of permanence in the EDs during
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daytime. Kuo et al. [15] described a methodology to improve the collection of data about
patients’ activities in order to build accurate models of ED processes and activities
through the use of radio frequency identification (RFID) system. The RFID system consists
in three components: RFID tags (embedded into a wristband given to patients during
the registration in ED), RFID readers and middleware. The authors claim that such a RFID
model can be used by the ED to examine the impact of various factors that happen
inside the ED and to support in decision making paths. The aim of Bruballa et al. study
[16] was to obtain knowledge about the ED behavior in emergency situations (e.g.
pandemics, mass accidents), from data generated by a simulation of the real system.
Data were generated by an ED simulator (modelled on a real system), integrated and
stored in a data warehouse and then analyzed using data mining techniques to
observe patterns and trends. The simulator included six primary areas (admission areaq,
triage boxes, waiting rooms, diagnosis boxes, treatment boxes and x-ray area) and five
different types of active agents (patients, admission staff, nurses, doctors and x-ray
technicians). The authors believe how actually, the only way to best manage
emergency situations is to use simulation model to better understand real situations
that may arise.

Prediction of the outcome of Emergency Department patients.

Yang et al. [17] and Taylor et al. [18] described the potential use of big data in predicting
health conditions of patients admitted in ED. Yang et al. [17] described how fractionall
information from different data sources (i.e. ambient non-invasive data sensors
supported by appropriate collecting techniques), can be gathered in real-time and can
be applied for specific studies, integrating these information with expert knowledge of
clinicians into an automated learning process. As an example of the benefits of using
massive data for early trauma outcome prediction, authors described the utilization of
photoplethysmograph waveform, of the corresponding each-minute heart rate and of
and peripheral capillary oxygen saturation measured through a pulse oximeter and of
associated ECG to discriminate internal bleeding from non-bleeding patients and to
predict autonomous resuscitation in a trauma center. In Taylor et al.’s article [18], a
retrospective cohort study, the authors highlighted the strength of using large volume
of data stored in electronic health records (EHRs) of health care systems to improve the
quality and the timing of mortality prediction in patients admitted in ED with sepsis.
Clinical data of adult patients admitted in ED with a diagnosis of infection or with
systemic inflammatory response syndrome (SIRS) from October 2013 to October 2014
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were collected from EHRs of four trauma center and include various information:
demographic data, ED procedures, laboratory results, nursing interventions, past
medical history, vital signs etc. All data collected were analyzed using three models
(Logistic Regression Model, classification and regression tree model, Random Forest
Model). The predictive accuracy of each model was compared with traditional clinical
decision rules (CDRs) accuracy and validated analytic models (Confusion, Urea
Nitrogen, Respiratory Rate, Blood Pressure, 65 years of age and older score, Mortality in
Emergency Department Sepsis score, Rapid Emergency Medicine Score). They showed
that the random forest model was more accurate in estimating mortality for sepsis
than the traditional models, proving the usefulness of local big data-driven approach.

Discussion

The changes that take place in the health of a population show themselves explicitly
within EDs that, for this reason are considered the ‘canary in the coalmine for the
healthcare system’ [19]. Overcrowding in EDs is producing negative effects in different
international contexts about patient care: delays in the treatment of serious iliness,
increase in patients who sign their discharge without being visited and, lastly, increase
in mortality rates [20, 21, 22, 23, 24]. Many of these aspects and issues can be attributed
to the inadequacy of accesses in the ED, providing us with a clue to identify weaknesses
and critical problems within the primary care system, and, in a more general mind-set,
about the management of psychological, social, and socio-economic support.

It is well known that access to the Emergency Room, and therefore the demand for
emergency services by the population, is heavily dependent on timely and satisfactory
access to primary care services as well as the distribution of risk factors regarding
acute, chronic, traumatic, and mental iliness, and, lastly, by the percentage of socio-
economic vulnerable people in each territory or area.

This complex network of details and specific factors can be understood and studied
through ED-based Big Data Research. Through the analysis of the situation in EDs, it is
possible to create simulation models that work as sensors of the actual system,
succeeding in helping to plan actions that can act as decision support to prevent
Emergency Medicine from becoming the epicentre of the healthcare system [25].
Therefore, in noting the usefulness of such a system of data to support the
measurement of a population’s health needs, the critical aspect that lies in the analysis
of the Big Data from EDs concerns the need to synthesize and summarize these data
with other information sources, including those from the data banks of territorial health
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services, social services, justice and legal services, educational services, etc. Other non-
strictly medical data sources consist of trends that can be obtained from various web
search engines or socials, such as Google Flu Trends, Facebook or Twitter. However, the
accesses to a huge amount of data per-se is not a guarantee of success, and indeed
poses new challenges, such as storage, quality, standardization, analysis, and
interpretation of the data collected.

One of the biggest challenges in utilizing data generated from different sources is that
data are often unstructured and non-standardized, making difficult to share them even
within the same organization [26]. Furthermore, the quality of these data is often
suboptimal [27] and most of the EHRs relies on self-reported data [26]. Data obtained
from the web or from the socials often overestimate the variables of interest and are
prone to trends manipulation [28]. Currently GFT is no longer publicly accessible [29].
Regarding the statistical analysis, a main challenge is represented by the hyper-
dimensionality of the data, i.e. the individual characteristics greatly exceed the
individuals observed. The statistical analysis techniques that are able to handle such a
mass of data (i.e. machine learning, data mining, high-dimensional correlation) have
not yet been clearly defined in their use in the medical field [30] and, above all, they are
often used without a background theory on the relationships they want to examine [31].
Real-time implementation of big data in clinical context has been deepened little in
literature, although it is a fundamental step for their daily use. As show by our
systematic review of the literature, algorithms and models have been built to take
advantage of big data to improve the management of different aspects of ED:
management of visits, process and activities and outcome of patients. Although these
models have been proved to be useful for better manage ED activities, like planning
clinical and economical resources and improve clinical outcome in specific situation,
they have been applied only in retrospective study, not considering the challenge and
the costs of a real-time use of big data. Only few studies highlight the possible
usefulness of the large volume of clinical data stored into EHRs to generate evidence in
real time [32]. However, some issues about the globalization of these data emerged in
literature [26]: fragmentation of data, language barriers, different terminology used,
data acquisition and cleansing and lack of data standardization [26].

In conclusion, two of the most important opportunities offered by big data in ED are the
development of useful forecasting tools and simulation models [9]. Classic prediction
models have few variables and need to be very simple, to be easily managed by
providers, but with the advances in technology it can be possible to have tens or
hundreds of variables enabling a more tailored medicine, able to manage patients with
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complex disease too. This prediction tools could consider the entire patient’s clinical
profile and benefit from nonclinical factors [27].

Processing Big Data and performing real—time actions in critical situations is a
challenging task [1] that needs increasing knowledge and experience to make it possible

in the near future.

Figure 1. Flow diagram for selection of studies included in the Systematic Review
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Table 1. Summary characteristics of the studies included in the systematic review
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Affiliation

First Author Country, Year Journal Title Type of Specific Data set Type of study Objective of the study
of publication publication topic
College of Public USA, 2014 The Using Google Flu Article ina Management of | Data frem: Cross-sectional Adeseription of a forecasting model with whom better
Ozgur M_Araz (11) Health , University of American Trends data in periodic journal Ed visits -ILl-related ED visits manage hospital and other health care resources and
Mebraska medical Journal of forecasting data; improve service quality in near real time during the
center Emergency | influenza-like- - Omaha and Nebraska seasonal influenza outbreak,
Medicine illness related ED Google Flu Trends
visits in Omaha , data;
Nebraska -Douglas County
positive laboratory
test results for
influenza antigen;
- Douglas County ILI
surveillance data ;
- Nebraska Ll provider
data.
the Department of UsA 2015 IEEE Predicting Article ina Management of | Data from: Cross-sectional A new prediction medel elaboration to estimate the
Budha Ram (12) Management Journal Of Asthma-Related periodic journal Ed visits -hospital number of asthma-related emergency department (ED)
Infarmation Bimedic Al Emergency administrative data visits in a specific area.
Systems, University of And Health | Department from Children’s
Arizona Informatics | Visits Using Big Medical Center of
Data (2) Dallas;
- Google Flu Trends;
- Twitter data;
- Sensor data from
EPA;
Duke Clinical Research | USA 2015 Academic Emergency Article ina Management of | Data from: Retrospective The evaluation of the incidence and the variation of a
Charles D. Scales Institute and Division Emergency | Department periodic journal Ed visits California State cohort study second readmigsion in ED of patients affected by
13) of Urologic Surgery, Medicine Revisits for Emergency kidney stones, and the preventable causes of revisits,
Duke University Patients with Department Database
Medical Kidney Stones {SEDD);
in Califernia (3) -the
California State
Inpatient Database
(SID} and the State
Ambulatory Surgery
Database
(SASD);
-part of the
Healthcare Cost and
Utilization Project
[HCUP) of the Agency
for
Healthcare Research
and Quality.
JC School of Public China 2015 2015 IEEE Patient Flow Paper Emergency Data from: Na The creation of a simulation model to achieve greater
Mare Chong (14) Health and Primary Internation | Evaluation with Department - Expertise review efficiency taking into account waiting time, occupancy,
Care al Congress | System Dynamic process and - Hong Kong Hospital volume, staff bers in an v
on Big Data | Modelin an activities Authority (HA) situation in ED.
Emergency - Hong Kong Census.
Department (4} and Statistics.
Department
statistics
= Accident &
Emergency Medicine
Academic Unit
Stanley Ho Big Data China 2015 2015 IEEE Embracing Big Paper Emergency Data from: NA The use of RFI {radio frequency identification), to
[fong-Hong Kuo (15) | Decision Analytics Internation | Data for Department -Hospital data from capture patient flow and activities in EDs through 2
Research Centre al Congress | Simulation process and The Prince of Wales simulation model which obtain all relevant treatment
on Big Data | Modelling of activities Hospital (FWH), Hong processes.
Emergency Kong
Department
Processes and
Activities (5)
Tomis Cerdi Barcelona 2014 | 2014 Simulation and Paper Ernergency NA A Obtain knowledge from data generated by simulation
Eva Bruballa (16) Computer Stience Internation Big Data: A Way Department of the real system, integrated and transformed in a
School al to Discover process and data warehouse and analyzed using data mining
Universitat Autdnoma Conference | Unusual activities techniques to observe patterns and trends.
de Barcelona (UAB) on Future Knowledge in
Barcelona, Spain Internet of Emergency
Things and Departments (&)
Cloud
University of UK 2014 British ‘Big data” Review Prediction of NA NA ‘With ambient non-invasive data sensors and
Shiming Yang (17) Maryland School of Journal of approaches to the outcome of ppropri llecti hniques, fractional
Medicine, Baltimore Hospital trauma outcome Emergency information from different data sources can be
Medicine prediction and Department’s gathered in real-time and be applied for specific
autonomous patients studies.
resuscitation (7]
Department of USA 2016 Academic Prediction of in- Article in a Prediction of Data from: Retrospective The strength of using the large volume of data stored
R.AndrewTaylor Emergency Medicine, Emergency hospital mortality | periodic journal the outcome of 1} urban, academic, cohort study in electronic health records (EHRs) to improve the
18) Yale Univeristy Medicine in emergency Emergency level | trauma center quality and the timing of sepsis mortality prediction of
department Department's 2) urban community- patients admitted in ED with sepsis.
patients with patients based, academic level
sepsis: a local big ii trauma centre
data-driven, 3} community-based
machine learning centre
approach [8) A)sub-urban free-
standing ed
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