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ABSTRACT The digital transformations and use of healthcare information system, electronic medical
records, wearable technology, and smart devices are increasing with the passage of time. A variety of sources
of big data in healthcare are available, such as biometric data, registration data, electronic health record,
medical imaging, patient reported data, biomarker data, clinical data, and administrative data. Visualization
of data is a key tool for producing images, diagrams, or animations to convey messages from the viewed
insight. The role of cardiology in healthcare is obvious for living and life. The function of heart is the control
of blood supply to the entire parts of the body. Recent speedy growth in healthcare and the development
of computation in the field of cardiology enable researchers and practitioners to mine and visualize new
insights from patient data. The role of visualization is to capture the important information from the data
and to visualize it for the easiness of doctors and practitioners. To help the doctors and practitioners, the
proposed study presents a detailed report of the existing literature on visualization of data in the field of
cardiology. This report will support the doctors and practitioners in decision-making process and to make it
easier. This detailed study will eventually summarize the results of the existing literature published related to
visualization of data in the cardiology. This research uses the systematic literature protocol and the data was
collected from the studies published during the year 2009 to 2018 (10 years). The proposed study selected
53 primary studies from different repositories according to the defined exclusion, inclusion, and quality
criteria. The proposed study focusedmainly on the researchwork been done on visualization of big data in the
field of cardiology, presented a summary of the techniques used for visualization of data in cardiology, and
highlight the benefits of visualizations in cardiology. The current research summarizes and organizes the
available literature in the form of published materials related to big data visualization in cardiology. The
proposed research will help the researchers to view the available research studies on the subject of medical
big data in cardiology and then can ultimately be used as evidence in future research. The results of the
proposed research show that there is an increase in articles published yearly wise and several studies exist
related to medical big data in cardiology. The derivations from the studies are presented in the paper.

INDEX TERMS Big data, medical big data, visualization, healthcare, cardiology, systematic literature
review.

I. INTRODUCTION
Medical information system (IS) has massive data with the
increase of digital transformations and the use of health-
care IS system, electronic record, uses of wearable devices
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it for publication was Mervat Adib Bamiah.

and handheld. Devices such as remote sensor and wearable
technologies continuously produce abundant heterogeneous
structured and unstructured data. According to IDC [1],
in late 2011, about 1.8 ZB of data was created as of that year.
Worldwide, electronic data of approximately 1.2 ZB (1021)
are generated per year by different sources [2]. By 2020, data
is expected to 40 ZB, as per IDC [3]. A huge bulk of data is
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generated in the field of healthcare especially in cardiology.
Thus, effectivemanagement techniques and tools are required
to handle big data in the field.

Visualization of data is a key tool for producing images,
diagrams, or animations to convey amessage from the viewed
insight. The role of cardiology in healthcare is obvious for
living and life. The function of the heart is to control the
blood supply to the entire parts of the body. Recent speedy
growth in healthcare and the development of computation in
the field of cardiology enable researchers and practitioners to
mine and visualize the new insights from patient data. Dif-
ferent algorithms are used for the detection of diseases like
diagnosis gallbladder stone with using medical big data from
Internet of Things [4], Parkinson’s Disease [5], analytical
method for diseases prediction [6]. B. Li, et al. shared their
experiences fromChina’s Xiangyamedical big data. The goal
of the project is the establishment of policies for data sharing,
personal privacy, security, and availability of information,
cooperation among agencies, and establishing a large data
centre [7].

The role of visualization is to capture the important infor-
mation from the data and visualize it for the easiness of
the doctors and practitioners. Data visualization is about
how to show the data to the right people at right time,
in order to facilitate them to gain insights most efficiently.
Data visualization let you interact with data and goes beyond
analysis. Visualization of data keeps audience eye on the
screen and gets them to take interest in it. Visualization
of data has several benefits, like, effective way to com-
municate an abstract and concrete message, revolutionary
methods of technical drawing for engineering and scien-
tific purpose. Visualization of information is ‘‘the graphical
presentation of abstract data’’ which ‘‘attempts to reduce
the time and the mental effort users need to analyze large
datasets’’ [8]

The proposed study presents a detailed report of the exist-
ing literature on the visualization of data in the field of
cardiology to help the doctors and practitioners. This detailed
study will eventually summarize the results of the existing
literature published related to visualization of data in the
cardiology. This research uses the systematic literature review
(SLR) protocol as presented by Kitchenham et al. [9]. The
data was collected from the studies published during the
year January 2009 to September 2018. The current study
focused on the systematic literature review of medical big
data in cardiology and identified a total of 53 studies that
were selected based on the defined inclusion/exclusion, and
quality criteria. The following are the main contributions of
the proposed research work:

• To highlight the research work been done from Jan-
uary 2009 till September 2018 (10 years) in the field of
visualization of big data in cardiology

• To present a brief summary of the techniques used for
visualization of data in cardiology

• To highlight the benefits of visualizations in field of
cardiology

FIGURE 1. Effective insights in data.

The organization of the paper is as follows; Section 2 shows
the detail process of the research based on the guidelines to
conduct SLR. Results and discussions along with the answers
of the research questions are briefly presented in Section 3.
The limitations and conclusion of the present research work
is given in Section 4.

II. RESEARCH METHOD
Visualization of data gives an exclusive insight into the
dataset. Diverse approaches are used for the visualization
of data, such as tables, figures, and charts [10]. Tables are
normally used when the data is having a small number of data
points. The table shows the amounts and labels in a structured
and organizedwaywith the facilitation of sorting and filtering
the data. The charts are used to map the dimension of data
and to visualize the properties of geometric shapes [10].
To meet the user expectations, the tool for big data visual-
ization should give the following features [11]:

- Ability to process different types of incoming data
- Ability to apply different filtered to justify the results
- Ability to cooperate with the dataset during the analysis
- Ability to communicate with other tools to exchange
data

- Ability to provide options of collaboration for users
Figure 1 shows to find more effective insights in data [10].

Different SLRs have been carried out for different studies
published in diverse areas [12] and it is confirmed as a way to
analyze and examine a problem area objectively. The appli-
cations of visualization in the field of medical are obvious
especially in the area of cardiology. The reason of using sys-
tematic literature review is to systematically discover, assess,
and deduce all of the accessible and published materials
associated to the pre-defined questions of the research to
give complete information to the community of research [12].
The protocol implemented for carrying out the SLR [9], the
activities are categorized into three key phases which consist
of; development of the protocol, conducting the SLR, and
the reporting. A proper way of an SLR is followed which
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makes the process more objective and repeatable. Follow-
ing the formal process will play an essential responsibility
in the appreciation of the primary nature of the conclusion
presented by the study. The formal process of conducting the
SLR and the steps involved, define the review protocol, define
search strategies, document search strategies, inclusion and
exclusion criteria, quality criteria assessment and qualitative
meta-analysis [12]. Figure 2 shows the phases of the protocol
developed and followed for conducting of the SLR.

The following sub-sections briefly describe the research
method and the SLR Protocol.

A. RESEARCH QUESTIONS
The following are the key research questions identified for
conducting the proposed study:
RQ 1. What research has been done since January 2009 till

September 2018 in the field of visualization of big
data in cardiology?

RQ 2. What techniques are used for visualization of data
in cardiology?

RQ 3. What are the benefits of visualizations in
cardiology?

B. SEARCH STRATEGY
A well-formulated search process devises it promising to
thoroughly execute the resources available in order to identify
all the associated existing studies which meet the defined
search criteria. SLR is an essential and formal search pro-
cess of conducting a systematic literature review to search
each individual source. To maintain the standard of SLR and
conduct this study a proper search process has been done
to identify the related materials which are published in the
given well-reputed libraries. The proposed study uses five
keywords related to the medical big data in cardiology based
on the research questions were searched in these libraries.
The following are the libraries that were used for the search
process of the defined keywords for the related studies to the
proposed research;

a. PubMed
b. ScienceDirect
c. SpringerLink
d. Taylor and Francis Online
e. Wiley Online Library

C. SEARCH STRING
Initially, the authors decided to choose the libraries and
appropriate keywords related to the present research. The
scope of the searched terms was defined to be in the
range of the current research. The keywords defined which
include (‘‘Cardiology’’) AND (‘‘Visualizing medical big
data’’ ‘‘OR’’ data visualization ‘‘OR’’ big data visualiza-
tion ‘‘OR’’ medical data visualization’’. The information and
detail received from the sources based on the keywords were
then used as a channel for the development and validation
of the key search terms. These keywords were then mod-
ified, as different sources have the different syntax of the

TABLE 1. Inclusion criteria.

TABLE 2. Exclusion criteria.

searching process. The detail of the searched term and the
articles obtained are shown in figure 2. The information
collected from different sources includes journal articles,
books chapters, books, conference proceedings, and other
online materials available. The final list of articles obtained
is shown in table 3. While the initial, filtered by title, fil-
tered by abstract and filtered by content is given in figure 2.
Figure 3 shows the steps involved in the search process.

D. PUBLICATION INCLUSION AND EXCLUSION CRITERIA
During the search process, a large number of articles includ-
ing journal publications, books, conference, workshops, and
many other published materials were found. All the men-
tioned libraries were manually searched using the pre-defined
keywords. The required references and bibliographic infor-
mation were managed by using the Endnote reference man-
ager software [13]. The bibliographic information included in
the Endnote library contains author name, article title, con-
ference/journal name, publishing year, and page numbering
of a specific article. The detail of the overall search process
according to the defined keywords in the given libraries is
shown in figure 2. This includes the initial search, inclusion
and exclusion, filtered by title, by abstract and by full content.
The authors decided to include the paper with the following
inclusion criteria shown in Table 1.

The authors decided to exclude the papers with the follow-
ing exclusion criteria shown in Table 2.

Figure 4 shows the initial results obtained from searching
process of the proposed research.

The study selection process in the proposed research was
performed in different stages. Initially, the articles titles were
reviewed by the authors based on the defined criteria of
inclusion and exclusion. The papers which are not relevant
were excluded based on the exclusion criteria. After that,
the articles were filtered by reading the abstract and as a

VOLUME 7, 2019 115947



S. Nazir et al.: Big Data Visualization in Cardiology—A Systematic Review and Future Directions

FIGURE 2. Phases of the protocol designed and followed to conduct the SLR.
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TABLE 3. Details of the selected papers.
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TABLE 3. (Continued.) Details of the selected papers.

TABLE 4. Year-wise division of selected papers.

result, several irrelevant papers were excludedwhichwere not
according to the defined questions. Furthermore, the criteria
of inclusion and exclusion were defined and are shown in
section 2.4.

Table 3 shows the list of the selected papers based on the
inclusion criteria. The process selected only the most relevant
papers, clearly assessed based on the given inclusion and
exclusion criteria [14]. The list of papers selected with their
title, and citations is given in Table 3.

According to the tendency shown in table 4, there is year-
wise rise in the research and papers, spotting the gaining
significance and applications of in the field. Figure 5 presents
the number of papers in the selected year range.

E. QUALITY ASSESSMENT
The quality assessment (QA) process plays an important
role in the SLR protocol. QA of the included papers was
performed after the process of selecting papers. All the
included articles were reviewed by the authors and the quality
assessment of the papers with respect to each defined research

FIGURE 3. Steps of the search process.

question was evaluated. In proposed study the Quality Crite-
ria (QR) was defined for each research question and is given
below:

QR1. The paper provides the description of the research
questions defined.

QR2. The paper provides the work been done from
January 2009 till September 2018 in the field of visualization
of big data in cardiology.

QR3. The paper gives details of the techniques used for
visualization of data in cardiology.

QR4. The paper describes the benefits of visualizations
in cardiology.

In the list of included papers, each paper was reviewed
and analyzed manually by the authors. Weights to each paper
were assigned according to the review and quality assessment
against above-mentioned criteria. Weights were assigned in
the manner of 1 for a question completely explained in the
paper, 0.5 for question somewhat explained and 0 for paper
when does not provide any detail concerning the defined
question.

To quantify this evaluation for more analysis, the total
score assigned to each paper shows the relevancy of paper
with the present research. All the assigned values of the three
research questions are added for each paper. Further details
to show the quality evaluation of the selected papers is shown
in figure 6.
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FIGURE 4. Initial results obtained from the searching process for the proposed research.
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TABLE 5. Description of the answer for the questions defined in the proposed study.
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TABLE 5. (Continued.) Details of the selected papers.
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TABLE 5. (Continued.) Details of the selected papers.

F. DATA EXTRACTION
The relevant data were extracted from each of the included
paper based on the review, assessment, and defined research
questions. The significant data extracted is shown in different
figures and tables and are briefly given as follows;

• Table 3 shows all of the finally selected papers, with their
titles, reference, and year of publication.

• Table 4 provide year-wise breakup of publications
selected in which the number of publications is men-
tioned against each year

• Figure 5 shows the number of publications for the pro-
posed research from 2009 – 2018. In the figure the high
number of papers are published in the year 2016 which
shows that more research work have been done in this
year.

• Table 5. Shows the answers of the research questions
defined in section 2.1. This table shows show the
details of each question and their answer with brief
descriptions.

G. DATA SYNTHESIS
The process of data synthesis was done by the primary
reviewer with the support of secondary reviewer. As a result,
the data extraction phase presented in Section 2.7, a list
of factors from the sample of 53 papers was created. The
primary reviewer read these in order to obtain a list of cat-
egories to organize the success factors. Figure 2 shows the
research questions, keyword terms, search process, inclusion
and exclusion, and the filtering process based on the key-
words for articles. Separate folders were maintained for all of
the above-mentioned libraries and a total of 1412 titles were

FIGURE 5. Number of publications for the proposed research
from 2009 – 2018.

found. At the start, each folder of the library was checked
manually and all of the articles were properly named by
their titles. The paper duplications were removed by check-
ing the title of papers in each folder. The initial process of
selection and filtering was performed manually for all of the
libraries by titles and 127 articles were obtained. These arti-
cles obtained were then scrutinized manually by abstract, and
a total of 81 articles were included. Finally, these articles were
again filtered manually by contents and a total of 53 articles
were selected. The process of exclusion and inclusion was
very tricky as each of the paper was checked manually. These
53 papers along with their citations management process
were done in the Endnote library. The process of making the
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FIGURE 6. Quality assessment of the selected papers.

references was done manually as mostly when downloading
a citation from the internet then some of the information’s
are missing. For example, this information may be in the
form of author name, year, the title of the article, place of
publishing, page no. and so on. The selected articles were
then used for the defined research questions in the proposed
literature review process protocol.

III. RESULTS AND DISCUSSIONS
SLR is an established protocol used to systemati-
cally study a specific research [68]–[71]. The cur-
rent research is an endeavor to study visualization of
medical big data in cardiology. This section briefly
describes the answers of the research questions defined
below:
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1.1 What research has been done since January 2009 till
September 2018 in the field of visualization of big data
in cardiology?

1.2 What techniques are used for visualization of data in
cardiology?

1.3 What are the benefits of visualizations in cardiology?

Table 5 shows the description of answers for the questions
defined in section 2.1.

IV. CONCLUSION
The first limitation of the proposed research is the proposed
study is limited to big data visualization in cardiology and
maybe some papers are skipped. The second limitation of the
proposed research is that the search process was performed in
five most commonly referenced libraries and skipped the rest
of the libraries. The reason was to focus on only high-quality
peer-reviewed conference and journals papers. It was decided
by the authors to pass up keyword searching in googlescholar,
as it provides access to all the papers, and the other reason
was to save from duplicate entries. There is a probability that
a paper might have been skipped to discuss about the ideas
associated to big data in cardiology, but not uses the term
at all.

Visualization of data plays an important role in creating
images, diagrams, or animations to communicate a message
from the insight viewed. As the digital transformations and
the use of healthcare medical information system, electronic
medical record, wearable, and smart devices and handheld are
increasing with the passage of time. Recent prompt devel-
opment in healthcare, especially, in the field of cardiology
enables researchers and practitioners to visualize the insights
from patient data. Visualization of data is to capture the
important information from the data and plot it for the eas-
iness of the doctors and practitioners. To help the doctors and
practitioners, the proposed studies presents a detailed study
report of the existing literature on the visualization of data in
the field of cardiology.

The proposed research uses SLR protocol and the data was
collected from the research published from January 2009 to
September 2018. Initially, a total of 1412 titles were found.
Separate folders were maintained for the libraries. Each
folder of the library was checked manually and all of the
articles were properly named by their titles. The duplication
of these publications was done by checking the titles in each
folder. The inclusion and exclusion process were performed
manually for all of the libraries by the titles and 127 arti-
cles were included. These 127 articles were then reviewed
manually by abstract, and 81 articles were included. Finally,
these 81 articles were reviewed by contents and 53 articles
were selected. The process of exclusion and inclusion was
very tricky as each of the paper was checked manually. These
53 papers along with their references were managed in the
Endnote library.

This research summarizes and organizes the existing liter-
ature in the form of published materials related to big data
visualization in cardiology. The proposed research will help

the researchers to view the available research studies on the
subject of medical big data in cardiology and then can ulti-
mately be used as evidence in future research. The results of
the proposed research show that there is an increase in articles
yearly wise and several studies exist related to medical big
data visualization in cardiology.

Limitations of the study-
• The first limitation of this research was to only carried
out search in five of the widely referenced libraries.

• It was also decided to avoid keyword searching in
Google Scholar, as it provides access to all the papers,
and to save from the trouble of duplicate entries. Sec-
ondly, the search was performed using a limited set of
keywords mainly ‘‘medical big data in cardiology’’ to
get only related results, as there is quite a lot of research
published in the area.

• There is a chance that a paper might have been skipped
which talks about the idea related to medical big data in
cardiology but not uses the term at all.

Future scope of the work-in future, we trying to establish a
detailed report of the advanced techniques used in the analysis
of medical big data in healthcare in general while specific in
cardiology. This will help the practitioners to easily support
decision making in healthcare.
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