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ABSTRACT

Big data denotes large wvolume datasets that grows
exponentially over time and cannot be processed or stored
using traditional data management tools. There is a huge
amount of new data that is stored daily in all areas of our life.
This data needs to be collected and analyzed effectively to
streamline the decision-making process. Big data analytics
(BDA) are techniques that provide a way to analyze this huge
quantity of data with the purpose of drawing conclusions about
them by driving the business outcomes and real time decisions.
With a wide range of data available in the healthcare sector
including financial and clinical data, research and development,
management and operational data and critical care units, big
data in healthcare can generate meaningful insights to improve
overall operational efficiency in the industry. There are various
benefits for big data analytics in the health-care industry which
encompasses advanced patient care; improved operational
efficiency; evaluation of practitioner performance; reduced
patient cost and researching cure for diseases. The main
objective of this study is to outline the main challenges and
opportunities of applying big data in health care and how it can
help in transforming the healthcare industry towards the value-
based care.
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1. INTRODUCTION

There is a large quantity of heterogeneous data collected from
different sources in health care organizations like claims and
cost data [1][2]. This huge amount of data needs suitable
artificial intelligence (Al) tools to become more beneficial in
real time. Big data analytics can help Al to discover valuable
hidden patterns and additional information such as patient
needs and desires and market trends that can help in developing
patient-oriented decisions. In spite of big data has been used
rapidly and effectively in different industries, its use in the
health care industry has been lagging behind due to poor data
quality and small and inconsistent dataset [3] [4]. Although the
availability of Electronic Health Records (EHR) has led to an

evolution in health information systems, particularly in
improving the quality of patient’s health care, it faces two main
challenges: the increasing volume of electronic data and the
urgent need to use data analytics to interpret the meaning of
this vast amount of data and provides predictability [5]. EHR
have played an important role; especially after they have been
integrated with imaging informatics [6].

Big data like all forms of technology offers many benefits but
its application faces many challenges and problems as it is still
in its emerging stages for some areas and in addition to being a
complex technique. Most of the existing challenges are
identified after organizations begin moving towards the usage
of its technologies. The most important challenge is the
dramatic and significant increase in data, especially
unstructured data [7][8] [9]. Furthermore; companies urgently
need to process updated data along with stagnant data so that
they can build a better vision and enhance their decision-
making capabilities [10] [11]. Moreover; the diversity of data
sources and their regulatory standards makes them suffer from
security problems, all security practices must be provided for
collecting, storing and retrieving data [12]. Also, there is a
shortage of experienced people in the field of big data, which
slows the transition to the application of its technologies [13].
It is necessary to overcome all of these challenges to get all the
positive advantages of this technique in order to better
understand customers and make better decisions.

Big data analytics can be used to develop and support value-
based care. Value-based care or value — oriented health care is
one of the healthcare delivery models [14] whereby payment to
providers is paid according to the level of health outcomes of
the patient instead of the delivered amount of health care
services. This is due to the fact that over the recent period,
consumer demand for premium health care has increased.
Subsequently, the healthcare industry has moved from being a
volume-based industry to value-based industry [15] [16], which
require smarter decisions.

An analysis of 26 big data implementation cases shows how
big data analytics are used as means of transforming
information technology into value-based business [17]. The
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healthcare industry is undergoing a major shift in the use of big
data analytics which will be reflected on five different
directions [18][19]: Value-based patient-centric care, the
healthcare internet of things , reducing fraud, waste, and abuse ,
predictive analytics to improve outcomes , real-time monitoring
of patients.

This study will introduce how big data analytics supports value-
based care and it’s organized as follows: big data architecture in
the healthcare industry is discussed in Section Two. Section
Three illustrates BDAs and Value-based Care, and conclusions
are presented in Section Four.

2. BIGDATA ARCHITECTURE

Health data are huge with structured, unstructured and semi-
structured data. It is practically impossible to process the data
which has fixed schema (unstructured and semi-structured data)
using traditional databases. Instead, to facilitate the analysis and
categorization of this huge amount of data, the data is placed in a
central repository called data warehouse or centralized hub [20]
as shown in Figure 1.
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Figure 1: Data Warehouse

The data is loaded from different data sources into
the staging area which is a temporary storage area responsible
for extract, transform and data cleansing. Then it’s moved to
the data warehouse to be organized for query and analysis. A
data warehouse is where an OnLine Analytical Processing
(OLAP) database exists on top of another OnLine Transaction
Processing (OLTP) databases as shown in Figure 2. The
important fact is that the databases are not structured to do
analytics while data warehouse are [21].
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Figure 2: Data Warehouse vs. Databases

Data Warehouse

\

Databasel

-
-

&

Database?

Data Warehouse is architecture of data repository that handles
structured data, whereas Big Data is a technology to handle
massive structured; unstructured and semi-structured data
which constitutes the variety vector of big data. Big data is a
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modern technology used to launch a business analytics solution
for growing data volumes and types stored in different
applications with different formats. It is the overall system used
by the organization for the purpose of big data analytics [22] and
it is characterized by three key concepts: volume, variety,
and velocity [10]. These three concepts have been introduced in
a 2001 Meta Group research publication [23] [24]. Other
concepts later attributed with big data are veracity and value.
The size and diversity of data is the reason behind the
organization needs of big data analytics.

Big data management architecture in healthcare industry has four
main logical layers [25] as shown in Figure. 3. The layers are
logical; so it doesn’t mean that their functions are run on
separate machines.

Electronic
Health
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Claims Registers Research
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Figure 3: Big Data Architecture for healthcare Industry

The first layer represents the big data sources which may include
EHR, administrative data; etc. The heart of this architecture is
referred to as the hyper scale computing environment and it
represents two logical layers. The first one is the big data storage
layer which located between the big data sources and the analysis
layer. In this layer, data is extracted from different data sources
with different formats; stored in servers with direct-attached
storage like HDFS and then it is converted to a format that is
compatible for the analysis of the data [26]. The second layer is
the analysis layer which receives data from the storage layer.
This layer uses analytical tools like Hadoop, NoSQL,
Cassandra, etc., to determine trends, as well as drawing their
conclusions. The last layer is the consumption layer which
consists of presenting the analysis results to human applications
or business processes.

3. BDAS AND VALUE-BASED CARE

It has become apparent that health care cost has become very
expensive, especially for poor and middle-income families, this
prompting the motivation to think about changing the pay-for-
care approaches from fee-for-service (FFS) to value-based care
(VBC). In the FFS payment model, the payments for health
services depend on increased patient visits and procedures while
on VBC based on payment for the actual health outcomes. There
are many benefits to the VBC model that covers all aspects of the
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health care system which contains patients, providers, suppliers,
payers and society as shown in Figure 4.
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Figure 4: Components of Healthcare Systems.

BDA tools can examine a large number of variables in search
for combinations that accurately predict results [27]. In the case
of health care, these variables may be derived from millions of
health care claims or EHRs and can be used by BDAs to
correct erroneous diagnosis and control the progression of the
disease. The most wasted money in health care is spent on
misdiagnosis, so careful diagnosis is one of the first steps to
getting more value-based care.

BDAs power data-driven transformations that seemingly combine
financial and administrative data to aid patient care efforts,
provide better services, and improve existing procedures [28].
The adoption of these tools over these data can reduce cost and
develop treatment; it may generate a growing concern among
service providers about security. This concern or challenge is
acute when solutions are cloud-based, which means the ability
to access confidential patient information. In the case of value-
based care, instead of paying for each service or visit;
payments are collected, frequent procedures and visits will be
eliminated, patients will move more quickly and the number of
visits to the hospital and to the emergency room will be lower
thus the most important value-based consequence can be
considered as reducing cost.

Treatment can be improved by adopting these tools through
eliminating redundant tests, improving survival rates in the
Intensive Care Unit (ICU) and promoting preventative care
using wearables [21] [29]. Wearables used to detect some
diseases which help users seek timely medical attention will
improve the prevention services. In Reality, the most data-
dependent clinical area is the critical care in all its forms which
includes: Intensive Care Unit (ICU); Pediatric Intensive Care
Unit (PICU), Neonatal Intensive Care Unit (NICU) or Surgical
Intensive Care Unit (SICU). This high-variety, high volume
and high-velocity data — centered areas require a medical
decision support system under the umbrella of big data to drive
the decision- making process as shown in Figure 5 which will
inevitably increase the survival rates [30] [31]. Although there
are many studies of applying big data analytics in this field, there
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are very few implemented examples which led to a lack of
confidence by clinicians in these systems.

Some other benefits of big data which the industry has
experienced are error minimization and precise treatments
through the accurate and detailed knowledge of patients; for
example the problem of dangerous high dose threshold levels
can be solved by using big data. It can be done by reviewing
medication ordering patterns to predict threshold and determine
better parameters [32] [33]. This is one of the value-based health-
care requirements of providing patients with better value rather
than more visits, procedures and tests.

Big Data — Based Decision Support

/ System in Critical Care

Input

e Low-Frequency Demographic data
(Clinical Data)
o Electronic Health Records (EHR).
o Administrative Data

Output

* Increasing the prediction rate for:
o High risk cases vs. low risk cases.
o Mortality.
o Cost overrunincritical ill patients.
o Patient Monitoring.
o Patient Alarm

o Claims Data.
o Patient\disease registries.
o0 Health Surveys.
o Clinical Trials Data.
® High —frequency Physiological data
o Electro diagram : HR (Heart rate)
o Arterial Waveform: BP (Blood Pressure)

Figure 5: Critical Care BD Framework

Whenever health care is directed towards value-based care,
reimbursement should be linked to the quality results due [11]
[34]. First of all, data sets can be used for each patient through
all available data sources. The patient's behavior, attitudes and
habits can be understood and therefore result in sound
decisions making in order to improve patient outcomes. In
addition, they can be used to implement risk management
programs by understanding the clinical and financial risks of
the patient and therefore more targeted interventions can be
conducted for risk sites. Moreover, they can focus in human
and financial resources on areas with the greatest return on
investment through predictability and identifying opportunities
with the highest clinical or financial outcomes. Finally, they
can benefit by improving cost and satisfaction and by avoiding
expensive services.

Additionally BDAs can help the hospitals in tracking staffing
metrics like hours; shifts; etc., that may translate into success
levels which will provide high value care for their patients.
Moreover enhance billing efforts by tracking the patient's
financial payment record as it is possible to determine who has
the ability to pay or not. This feature leads to communicate
quickly with patients to ensure that payments are collected and to
streamline the payment procedures. All the components of health
systems shown in Figure 5 get benefit from these assistances
which latterly will support value-based care. The transform
from FFS to FBS may face many challenges, including
reshaping the design and performance of the current systems
particularly the financial and clinical quality measures [35].
However there is a need to rebuild the technology
infrastructure which provides better means of communication
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and information exchange [36]. Also there is a need to invest in
the human capital in order to enhance human health and well-
being [37].

4.CONCLUSION

Data is available more than ever before. Quantity and quality of
healthcare data can be exploited to raise the quality of the
healthcare industry. Big data is accelerating the movement toward
value-based healthcare. An important aspect of big data analysis
is to discover the true meaning of data by taking advantage of
important parts and neglecting unnecessary parts. Data collection,
regardless of its sources and format, can be stored, using servers
with directly attached storage and analyzed, using different data
analytics like Hadoop which can present the analysis results.
Despite all the benefits of big data analytics in the healthcare
industry, it still face various challenges like the fundamental
need to develop the infrastructure to be able to collect data
from its various sources, as well as access control and security.
In this paper, the structure of the application of big data in the
field of health care has been reviewed. Furthermore, the study
shows how healthcare big data can help in enhancing the value-
based care. In the future; the different formats of the big data
sources in the healthcare organizations will be considered; their
storage mechanisms and the application constraints. Furthermore,
the future of big data in critical care will be studied.
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