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Abstract— Nowadays, many cardiology health care centers
and hospitals adopt new technologies to improve interaction
with their patients. The Electronic Health Records (EHR) offer
health care centers and institutions the possibility to improve
the management of their patients’ health data. Currently, many
physicians are using EHRs to improve health care quality
and efficiency. A large number of companies have emerged to
provide hospitals with the opportunity to adopt EHRs within
a health care platform proposing different functionalities and
services which achieve certain certification criteria. This paper
identifies the current list of certified EHRs for cardiovascular
medicine and assesses the specifications of the EHRs selected.
The result of this paper may assist EHR seekers for cardiovas-
cular medicine in their tasks.

I. INTRODUCTION

Cardiovascular disease is one of the leading death causes
and disability in the world [1], [2]. This chronic ailment can
be better understood by analyzing data from health records
[3]. The usage of health records has been strongly advocated
by health care professionals and institutes to improve health
care quality [4]. Different types of health records exist, such
as electronic health record (EHR) and personal health record
(PHR). PHR is a private application through which a patient
may access, manipulate and keep tracking of his/her health
information [5], [6]. The PHR can include data entered by
the patient and/or from other sources such as laboratories,
and electronic medical records (EMRs) or EHRs. The EHR
is maintained by a health care organization or institution in
which authorized clinicians can enter and manage a patient’s
health-related information. The usage of an EHR can be
tremendously beneficial for a health care center, and can
lead to [7]: potential productivity, financial improvement,
quality of care improvement, rapid and remote access to
patient information, easier chronic disease management, and
improved continuity of care.

Many health care institutions promote the adoption of
EHRs, such as the Health Information Technology for Eco-
nomic and Clinical Health (HITECH) Act which supports
a meaningful usage of EHRs by hospitals and clinicians
through Medicare and Medicaid incentive payments to physi-
cians and hospitals [8]. The American college of cardiology
(ACC) highly encourages health care centers to choose an
EHR certified by the Certification Commission for health
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care Information Technology (CCHIT) [9]. CCHIT is a rec-
ognized certification body for EHRs and their networks, and
an independent, voluntary, private-sector initiative. CCHIT
has developed a set of testing criteria, which include func-
tionality, security and interoperability measures for EHRs
[10]. The benefit of a CCHIT-certified EHR is that the
user knows the application will meet certain standards [9].
Moreover, a hospital can use a certified EHR technology
to: improve quality, safety and efficiency. Also to maintain
privacy and security of patient health information [8].

The aim of our paper is to list, to analyze and to assess
the current CCHIT-certified EHRs which may be used in
cardiology health center and hospitals. The search of these
EHRs has been addressed through the use of the CCHIT
Website [10]. A data extraction form has been designed to
extract the specification of the EHRs selected. Moreover,
each EHR selected has been assessed through a quality
assessment (QA) process.

This paper is structured as follows. Section II describes
the research method that was used in this paper. Section III
shows the main results of the data collected and discusses
the main findings of this study. Finally, Section IV presents
our conclusions and further work.

II. METHOD

This section describes the method used to search for,
analyze and assess the EHRs for cardiovascular medicine.

A. Review and Protocol

In this paper, some quality reporting guidelines, set out
by the Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) group [11], were followed. Before
beginning the search for EHRs and the data extraction,
a review protocol was developed in which each step was
described, including eligibility criteria.

B. Eligibility Criteria

The following inclusion criteria (IC) were used:
• IC1: EHRs which are CCHIT-certified.
• IC2: EHRs for cardiovascular medicine.

C. Information Source

The CCHIT Website [10] was used as an information
source for our research. This Website contains information
related to the use and the creation of EHRs. EHR Scope [12]
which is an online database dedicated to helping physicians
and medical professionals find an EHR, was also used to
get more information about the CCHIT-certified EHRs for
cardiovascular medicine.
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D. EHRs Selection and data collection process

The EHRs selection was organized according to the fol-
lowing phases: (1) The search for EHRs in the CCHIT
Website [10]. (2) The selection of the EHRs found based
on eligibility criteria IC1 and IC2. (3) The exploration of
each EHR Website in order to identify and analyze its
specifications. (4) The exploration of search engines in order
to retrieve more information concerning the EHRs selected.
The above activities were carried out independently by one
author. Any discrepancies were resolved by the rest of
authors. Data collection was carried out by using a data
extraction form. Each EHR was assessed by one author to
explore its specifications.

E. Data Items

We designed a template with the data that should be
extracted from each EHR. The fields were chosen based on
the specification provided by a typical EHR [13]. The data
collected were tabulated to show:

• General: Link of the EHR.
• EHR certification type [10]: Ambulatory EHR [14],

Long Term and Post Acute Care (LTPAC) EHR [15],
Inpatient EHR [16], Emergency Department EHR [17],
or Behavioral Health EHR [18].

• Architecture supported [10]: Web Services,
Client/Server, Mobile Devices, or Thin Client.

• Development tools.
• Platform [12].
• Recommendation. The recommendations, appearing in

the description of the EHR, that have been followed
during the development of the EHR. These recommen-
dations can be provided by: Health Insurance Portability
and Accountability Act (HIPAA), Health Level Seven
(HL7) standard, or other standards.

• Certification program. Other certification than CCHIT,
for example from: Office of the National Coordinator
(ONC)-authorized certification program which qualifies
providers for federal incentive payments, or Surescripts
certification program for software used by prescribers,
pharmacies and payers for access to three core services.

• CCHIT Usability Rating [10]. It is scored out of 5.
• Mobile usage. Mobile applications for the EHR.
• Interoperability. The possibility to exchange information

with other parties.

F. Quality Assessment

We evaluated each EHR using QA questions for each item:
QA1 Has the EHR been certified more than once?
QA2 Has the EHR a good CCHIT usability review

(above 3)?
QA3 Can the user access the EHR via a mobile device?
QA4 Does the EHR support interoperability with other

sources?
The questions were scored as follows:
• Yes = “1 point”. If the EHR provides this characteristic.
• No = “0 point”. If the EHR does not provide this

characteristic.

• “-” = “0 point”. If no information has been specified in
the description of the EHR.

III. RESULTS AND DISCUSSION

A. EHRs Selection

A total of 22 EHRs were selected from 77 EHRs which
are CCHIT-certified. 55 EHRs were discarded since they did
not meet the IC2. Figure 1 shows the process of the EHRs
selection.

Fig. 1. PRISMA Flow Diagram

B. Data collection and quality evaluation of the EHRs

Table I shows the classification of the EHRs selected.
This classification is based on the calculation of the QA
score of each EHR. The average QA score for EHRs is
2.95 of 4 which indicates a good level of quality. Sunrise
Ambulatory Care 2011 Suite 5.5 [19], SuccessEHS 6.1 [20]
and PrimeSuite 2011 [21] are ranked among the best in our
QA and according to CCHIT, they provide the user with a
high usability level. In contrast, NetSolutions 6.4.7 achieved
the lowest score (1 out 4). 64% of the EHRs selected have
not mentioned in their Websites the tools which have been
used in their development. The majority of the EHRs which
have mentioned this information were developed by using
.NET platform and SQL for accessing and manipulating
databases. All the EHRs selected offer interoperability with
other entities such as laboratories and pharmacies.

C. The specifications of the selected EHRs

Figure 2 presents an overview of this study’s results.
According to CCHIT, 45% of the EHRs selected support web
services architecture, 36% support client/server architecture
and 18% support thin client architecture. 73% of the EHRs
selected are ambulatory EHRs while the rest is LTPAC
EHRs. The nature of services required for cardiovascular
medicine should be provided by LTPAC EHRs. Thus, LTPAC
EHRs are expected to be more available than ambulatory
EHRs. It could be hard to meet CCHIT requirements certifi-
cation for LTPAC EHRs which may explain this result. Win-
dows platform is the most platform deployed by the EHRs
selected, followed by Macintosh platform and Unix/Linux
platform. 41% of the EHRs selected have not mentioned in
their description any specific recommendation followed in
their development. The rest of EHRs selected have mainly
followed recommendations from HIPAA and recommenda-
tions from HL7 for Continuity of Care Document (CDD)
or in general. Cross-references taxonomy can be applied to
ensure that EHRs used in cardiology comply with HIPAA
and HITECH to avoid penalties and lost reputation [41].
91% of the selected EHRs have received an extra certification
from ONC. In addition to ONC and CCHIT certifications, the

1355



TABLE I
CCHIT-CERTIFIED EHRS FOR CARDIOVASCULAR MEDICINE

EHR product Certification
type

Architecture
supported

Development
tools Platform Regulations

(QA1)
Other
certification
program

(QA2)
CCHIT
Usability
Rating

(QA3)
Mo-
bile
usage

(QA4)
Interoper-
ability

QA
Score

Sunrise Ambulatory Care 2011 Suite 5.5 [19] Ambulatory Thin Client SQL
Windows,
Mac,
UNIX/Linux

- Yes (ONC) Yes (5) Yes Yes 4

SuccessEHS 6.1 [20] Ambulatory Thin Client -
Windows,
Mac,
UNIX/Linux

HL7 CCD Yes (ONC) Yes (5) Yes Yes 4

PrimeSuite 2011 [21] Ambulatory Client/server .NET Windows HL7 CCD Yes (ONC) Yes (5) Yes Yes 4

iPatientCare 10.8 [22] Ambulatory Web Services

.NET,
Microsoft
Visual
Studio, SQL

Windows,
Mac,
UNIX/Linux

HL7 CCD Yes (ONC) Yes (4) Yes Yes 4

ChartPlus EHR 1.0 [23] Ambulatory Web Services - - - Yes (ONC) Yes (4) Yes Yes 4
NexTech Practice 2013 10.8 [24] Ambulatory Client/server - Windows HIPAA Yes (ONC) Yes (4) Yes Yes 4

American Medical Software-EMR 22 [25] Ambulatory Client/server SQL Windows HL7,
HiPAA Yes (ONC) Yes (5) No Yes 3

Medicat 2011 10.0 [26] Ambulatory Client/server - Windows HIPAA Yes (ONC) Yes (5) No Yes 3
Centricity Practice Solution 9.5 [27] Ambulatory Client/server - Windows - Yes (ONC) Yes (5) No Yes 3

Aprima 2011 [28] Ambulatory Client/server - Windows,
Mac - Yes (ONC) Yes (5) No Yes 3

NextGen Ambulatory EHR 5.6 SP1 [29] Ambulatory Client/server - Windows - Yes (ONC) Yes (5) No Yes 3

LeonardoMD Virtuoso 1.0 [30] Ambulatory Web Services
Microsoft
Visual
Studio, SQL

- HIPAA Yes (ONC) Yes (4) No Yes 3

Cehrus 10.8 [31] Ambulatory Web Services .NET Windows - Yes (ONC) Yes (4) No Yes 3
2011 Waiting Room Solutions Web Based EHR [32] Ambulatory Web Services - Windows - Yes (ONC) Yes (4) No Yes 3

HealthMEDX Vision 7.1.10 [33] LTPAC Web Services - Windows,
UNIX/Linux

HiPAA
HL7 CCD Yes (ONC) - Yes Yes 3

Answers EHR Autumn 2011 [34] LTPAC Thin Client - Windows HIPAA Yes (ONC) - Yes Yes 3
NDoc 12.11 [35] LTPAC Web Services - Windows - Yes (ONC) - No Yes 2

CentriHealth Individual Health Record (IHR) 2011.1 [36] Ambulatory Web Services -
Windows,
Mac,
UNIX/Linux

-
Yes
(ONC and
Surescripts)

- No Yes 2

Pro-Filer 2012 [37] Ambulatory Thin Client - - HL7 Yes (ONC) - No Yes 2

Optimus EMR 7.5.4.3 [38] LTPAC Web Services - Windows HL7,
HiPAA No - Yes Yes 2

ECS-Electronic Chart and Financial System Version 9 [39] LTPAC Client/server SQL - HL7 Yes (ONC) - No Yes 2
NetSolutions 6.4.7 [40] LTPAC Web Services .NET, SQL - HL7 CCD No - No Yes 1

Fig. 2. An overview of the results

EHR CentriHealth Individual Health Record (IHR) 2011.1
[36] has been also certified by Surescripts. 36% of the EHRs
selected have received a very good rating from CCHIT
about their usability. While 27% of the EHRs selected
received a good rating. This review was not available for the
remaining EHRs selected. Usability is a quality characteristic
in ISO/IEC 9126 and was renamed in ISO/IEC 25010 as
Operability. It represents the ease of use and user interface
characteristics among other sub characteristics. 41% of the
EHRs selected can be accessible via smartphones. The major-
ity of this application are running on iOS smartphones [20],
[24], [33]. Other EHRs, in addition to iOS, are running also
on Android smartphones [19], [21], [34]. Only one EHR [22]
runs on Windows smartphones besides iOS smartphones. The
EHR mobile usage is expected to increase in the near future
due to the increasing usage of smartphones all over the world.

D. Limitations

This study may have several limitations such as: the
search was limited to CCHIT-certified EHRs which may
have omitted other EHRs for cardiovascular medicine which
might have been relevant to this study. The QA process could
include criteria which have advantaged some EHRs from
others. Adding more criteria may lead to different result in
the QA score classification.

IV. CONCLUSIONS
This paper analyzed and assessed the specifications of

22 CCHIT-certified EHRs for cardiovascular medicine. An
extraction form has been defined to assist EHR stakeholders
for cardiovascular medicine to select the CCHIT-certified
EHR that best fits their needs. EHR designers have also
been given the opportunity to benchmark from other EHRs
that have received good usability review from CCHIT. Our
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findings show that not all EHRs provide information con-
cerning their development tools or the recommendations
followed in their realization. All the EHRs selected are
interoperable with other health parties. Studies on EHR for
other medical modalities can be conducted using the criteria
presented in this study by changing the IC2 to another
particular modality. We trust that our research may help
practitioners to discover the available CCHIT-certified EHRs
for cardiovascular medicine. In future work, we intend to
analyze the specification to realize an EHR for cardiovascular
medicine. Also, a study of the cardiology EHR privacy and
security requirements [42], [43] is planned to be done.
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