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ABSTRACT

Electronic Medical Records (EMRs) still have implementation failure risks, impacting service quality and safety. More
research is needed to improve it. Hence, this study aims to explore publication patterns and research developments
on the failure modes of EMR implementation to obtain novel future research topics. This research used descriptive
quantitative with bibliometric analysis using VOSviewer, collected the data using specific keywords, and set no
limitations to get the comprehensive data. The majority of EMR research and researcher affiliations come from devel-
oped countries. There were multiple frequently appearing keywords from each cluster, grouped into three themes,
including the quality of the EMR system, the subject of EMRs, and the use of EMRs. There is still potential to study
EMR failure modes in developing countries, especially about the scarce topics to ensure the implementation of this

technology is safe, effective, and runs as intended.
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INTRODUCTION

Implementing technology in the health sector has
brought changes to the administration of medical
records, from paper-based to electronic ones. The
crucial advantages of electronic medical records (EMRs)
and electronic health records (EHRs) have been the
subject of numerous studies, enhancing the standard of
healthcare through the reduction of errors in medication,
mitigation of duplicate errors, elimination of unneeded
procedure variants, and simplification of gathering data
and access. Consequently, these measures contribute
to an overall upsurge in satisfaction and facilitate the
sharing of information among healthcare providers (1-
3).

In developing countries, however, there remains a need
for further enhancements in EMR implementation and
consumption despite their substantial impact on the
healthcare industry (4). It is essential that in addition
to benefits, there are repercussions of using EMR that
risk patient safety. Such impacts include users copying
and pasting EMR data that contributed to diagnostic and

treatment errors due to copying and pasting previous visit
history (5), also wrong administration of medications,
scheduling, patient-provider communications, referrals,
laboratory and diagnostic procedures (6). In studies on
the health technology acceptance, over fifty percent of
EMR initiatives fail before achieving their objectives (7),
and the implementation of EMRs has yet to reach the
expected target (8). Recent studies on implementing
EMRs have explored the influencing factors (9-11).
Further studies are needed regarding the failure mode
of implementing EMRs to improve its objectives (12).
Before exploring this failure mode, it is essential to know
how previous studies describe it to obtain information
about trends, updates, and research opportunities.

Research on EMRs that is now available focuses
mostly on the advantages and difficulties associated
with their deployment (9-11), ignoring the methodical
identification and examination of failure modes (12).
This research gap calls for a bibliometric study to map out
the landscape of failure modes in EMRs implementation,
providing important insights into locations that call for
targeted risk management and mitigation techniques.
This might lead to enhancements in EMR system
robustness, user satisfaction, and patient safety (12-14).

On the basis of this context, this study aims to
investigate the publication pattern and research
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development concerning the failure modes of EMRs
or EHR implementation through bibliometric analysis.
The findings of this study will offer significant insights to
direct future research topics and and the rising themes
within this critical area, ultimately enhancing the EMR
implementation that prioritize EMR system robustness,
user satisfaction, and patient safety, which has yet to
reach its implementation target.

MATERIALS AND METHODS

The research design is descriptive quantitative with
bibliometric analysis of various failure mode studies
in applying EMRs or EHRs from the Scopus Database
using VOSviewer. Bibliometric analysis frequently
examines the evolution of research fields, their growth,
and their prominence in academia (15). Bibliometrics
is a Greek word that consists of biblion, meaning
'book', and metron, meaning 'measurement'. The term
was first introduced by Alan Pritchard in 1969 in his
article ‘Statistical Bibliography or Bibliometrics?’.
Bibliometrics is referred to as the application of
mathematical and statistical methods in books or other
scientific communication media (16). Bibliometrics is a
quantitative method used to measure, track, and analyze
print-based scientific literature (17). This method carries
out quantitative scientific assessments of literature
to examine the development of the field under study,
the growth of publications, and salient aspects of the
scientific field (15). Bibliometric studies are often used
to uncover essential elements in the field of research
(authors, institutions, countries, and journals), uncover
networks between important elements of research that
contribute to intellectual structures based on groups of
related themes within the research field, and identify
most of the historical roots (18,19).

VOSviewer is a free bibliometric analysis software that
focuses on the graphical representation of bibliometric
maps, which is notably effective for displaying big
bibliometric maps in an easy-to-understand format
(20). The Scopus Database includes the entire Medline
and is bigger than the Web of Science (21,22). Scopus
comprises over 23,000 indexed journals spanning
diverse domains and studies. Moreover, Scopus offers
a variety of user-friendly functions that facilitate
bibliometric analysis. Scopus' trustworthiness has led to
its adoption as a bibliometric data source for large-scale
analysis in research reviews, research surroundings
studies, scientific policy examinations, and institution
rankings (23).

There are four research stages. Stage one begins with a
search in the Scopus Database with keywords (Electronic
Medical Record) OR (Electronic Health Record) AND
(Failure Mode), conducted on June 18, 2024 (Table I).
Specific cases or topics that are still rarely researched
could be a bit of a reference per se, nevertheless
bibliometrics are still crucial for gaining thorough yet

brief insights into pressing issues (24,25). Regarding data
mining, bibliometrics law like Bradford’s Law can be
aplied to delineates the exponential relationship and the
zone distribution of research journals (26). Hence, this
study focuses more on describing publication patterns
and novel topics for further researchs on EMRs or EHRs.
Furthermore, this search uses no limitations to get the
comprehensive data and gathered 160 documents,
which analyzed in stages two, three, and four.

Table I: Data Search Keywords

( TITLE-ABS-KEY ( ( electronic AND medical AND re-
cord)) OR TITLE-ABS-KEY ( (electronic AND health AND re-
cord)) AND TITLE-ABS-KEY ( (failure AND mode )))

Stage two downloads all 160 documents collected into
"CSV" and "RIS" formats. In stage three, data in "CSV"
format works into graphs and maps to make visualization
easier. This data analyzes publication trends based
on year of publication, country of research, the field
of study, ten most affiliations, ten most publication
sources, ten most funding sponsor, citation overview,
and the most cited article. Meanwhile, data in "RIS"
format works with VOSviewer for overlay, network, and
density visualization. Lastly, in stage four, visualization
analysis of graphs, maps, and tables was carried out
with discussion so that they could answer the research
objectives.

RESULTS AND DISCUSSION

The search collected 160 documents from the Scopus
Database from 2002 to 2024. Based on the graphs in
Fig. 1 (a) and Fig. 2 (a), publications regarding failure
modes in the application of EMRs have fluctuated over
two decades. The most research publications were in
2021. The use of EMRs started to increase in 2013, thus
encouraging much research to examine its application
(27). Publication trends show that the number of studies
is growing in line with the use of EMRs (27). The
leverage in 2019-2021 is likely due to the conditions
of the COVID-19 pandemic. EHR emerged as a
pivotal data source amidst the COVID-19 pandemic,
supplying medical professionals and scientists with
crucial data about illness movement, treatment efficacy,
investigations, and novel approaches. However, the
data's validity and the limitations of EMRs received little
attention (28). The failure mode research also decreased
in that year. It takes an opportunity for further studies.

Fig. 1 (b) reveals that the United States dominates
research publications’ contribution on this topic with
82 studies. The United States dominates the number of
studies because it was in this country that EHRs were first
implementedin 1967 atLatter Day Saints Hospital through
the Health Evaluation Through Logical Programming
(HELP) platform after several studies concluded that
manual records were inefficient and required high paper
costs (27). The United States developed EMRs in 1972
at The Regenstreif Institute (29). This study shows that
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the majority of publications regarding EMR/EHR failure
modes are studied in developed countries, including
the United States (30,31), the United Kingdom (32), and
Canada (33,34). It is not surprising, considering that
developed countries first implemented the use of EMRs
along with the development of information technology
(27). Thus, EMRs still present an opportunity for new
research and publications regarding failure modes in
developing countries.

Fig. 1 (c) describes the trend of publications from research
fields or subjects. The field of medicine accounted to
be the most significant proportion (56.5%) publication,
followed by health professions and nursing with 8.4%
each. EMRs and EHRs are used in healthcare facilities,
so medicine is the most researched subject. Meanwhile,
the primary EHR users are the nursing profession, who
have direct contact in filling out EHRs related to the
nature of the work of the nursing profession, namely
providing nursing care and transferring the data to the
patient's medical record (35).

Fig. 1 (d) shows that most research publications on
the failure mode of implementing EMRs or EHRs were
leaded by Harvard Medical School, with six research
publications. Harvard University is a private college
belonging to the Ivy League association in Cambridge,
Massachusetts, United States. It was founded in 1636,
becoming the oldest higher education institution in
the United States and one of the best universities in
the United States. Harvard University is known for
academic excellence and has many leading social
sciences, humanities, science, engineering, law,
business, medicine, and education programs (36). These
advantages align with the amount of research conducted
for academic interests and the advancement of science
in various fields.

Fig. 1 (e) presents the documents per year published by
source. Top 10 publications based on the source of the
published journal, which is leaded by the Journal of The
American Medical Informatics Association (JAMIA) with
6 documentsalong 22 years. This journal was published in
the United States, where many articles about this subject
are released. The journal disseminates articles about
the most recent advancements in medical information
technology (IT) management, research, education, and
information technology for healthworkers.

This study revealed a significant link between subject
areas and funding sources Fig. 1 (f). A substantial
proportion of the obtained papers disclosed that they had
received financial support from Agency for Healthcare
Research and Quality followed by the National Institutes
of Health (NIH) with six publications. This result
indicates that funding sources with a significant interest
in improving the healthcare system are likely to have
an impact on the research topics that gather the most
attention in the field. Fig. 1 (g) shows that the trend of

citations is increasing in line with the increasing number
of documents published. The peak of publications on
this topic occurred in 2021, as many as 24 documents
with 495 citations. This is also related to the COVID-19
pandemic, where the use of digital technology has
increased significantly (28).

Citation Overview

2002 to 2024 < (Enchude sefciaions) (Eachude book chaiions) (S SSIERE RO SRR

=)

Fig. 1: Publication pattern. (a). Publication trends by year, (b).
Publication trends by countries, (c). Publication trends by subject
area, (d). Publication trends by affiliation, (e). Publication trends
by the journal source, (f) Publication trends by funding sponsor, (g)
Citation overview. Data in "CSV" format works into graphs and maps
to make visualization easier. This data analyzes publication trends
based on year of publication, country of research, the field of study,
ten most affiliations, ten most publication sources, ten most funding
sponsor, and citation overview. (Adapted from Scopus Database).

One of the 160 publications analyzed has the most
citations. The study entitled "Workarounds to Barcode
Medication Administration Systems: Their Occurrences,
Causes, and Threats to Patient Safety" was conducted
by Koppel et al in 2008 and published in the Journal of
American Medical Informatics Association (index Q1)
has been cited the most with 558 times (37). The open-
source access to this article makes it easier for other
researchers to carry out citations. Affiliated with Center
for Clinical Epidemiology and Bio-statistics, School
of Medicine, Sociology Department, University of
Pennsylvania, Koppel has established a commendable
research portfolio, having authored 87 scholarly articles
published in Scopus in 1982-2023 and achieved an
h-index of 29. With an h-index of 29, his work is not
only prolific but also influential, indicating that at least
29 of his papers have been cited 29 times or more by
other researchers.

The different point of view of the most cited article,
unique but meaningful, becomes the novelty of this
research. This study identified 15 types of workarounds
and 31 types of cause of workarounds on using
barcoded medication administration (BCMA) systems,
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which integrated to interface with electronic medication
administration  records.  Design, implementation,
and workflow integration flaws in BCMAs lead to
workarounds that guarantee proper usage of safety
features. This Koppel et al. study, aligned with the
Cheng et al. study 2022, found that copying and pasting
can cause diagnostic writing errors, leading to patient
injury and medication errors included in patient safety
violations (5).

Besides publication patterns, this study also describes the
development of research on failure modes in applying
EMRs in over two decades. The Network visualization in
Fig. 2 (b) reveals three clusters marked with three colors:
red, green, and blue. This study organized keywords
that often appear in each cluster into three thematic
clusters that characterize the entire set (Table 1), based
on bibliometric analysis enhancement techniques as
network metric, clustering, and visualization (19,38).
Theme grouping helps focus on failure mode's key
elements, allowing for a more detailed examination.

Table 1I: Most frequently appearing keywords

No Keywords Cluster Themes
Electronic Medical Record, Medi- The quality
1 cal Record System, Patient Safety, Red of the EMR
Quality, Medical Error system
) Human, Adult, Female, Middle Green The subject
Aged, follow up, of EMRs
Electronic Health Records, Total
3 Quality management, Clinical Blue The use of
Decision Making, Hospital, Hospi- EMRs

talization

EMRs = Electronic Medical Records
(Adapted from Scopus Database and reworked with VOSviewer)

The Quality of The EMR System

The EMR systems that have not been updated, systems
that are not yet interconnected with other systems, and
missynchronized system codes are potential failure
modes of EMR implementation. The outcomes of the
implementation are also impacted by the EMR system's
installation. The advantage of the incremental method,
which implements the system gradually, is that staff
may gradually become proficient with the system's
capabilities and that each problem will be easier to
fix because it is isolated from other EMR modules or
operations. Although staff members not understanding
the regulations may be a barrier, regular processes can
be followed in a different way (12). Another study in
Ethiopia concludes that hospital readiness is determined
by choosing a standardized and certified EMR system
in addition to adequate equipment, improving
infrastructure, and information technology team
components in hospitals (39).

Three challenges must be addressed in order to overcome
this obstacle: first, the work plan must be strictly followed
in order to keep the implementation stage on schedule;
second, the manual and electronic hybrid processes
must be carefully observed because not all tasks can

be completed electronically; and third, knowledge of
the various functions that are implemented at different
times must be gained (12). Inconsistencies between the
EMR system's characteristics and the requirements of
healthcare facilities represent another possible source of
system quality failure. Potential remedies to improve the
usability of electronic health records include redesigning
them and streamlining the implementation process (13).
Furthermore, interoperability is a crucial component of a
high-quality EMR system. This is in line with studies that
state that the interoperability of the Health Information
System (HIS) to other databases can reduce information
transmission errors (40).

In order to raise customer "lock-in" and transition
expenses to other providers, EMR companies may
sometimes intentionally design incompatible systems
(41). It's crucial that users of EMR systems take note of
this locking point of view, wherein customers ultimately
have to choose between maintaining the chosen EMR
system with a patch that's been applied after the fact
or moving to a better product. All ideas pertaining to
the issue of EMR system quality are intended to increase
the deployed EMR system's robustness and user
satisfaction to the goals of EMR implementation. This is
a consideration that should be taken into account before
selecting an EMR system.

The Subject of EMRs

Physicians, nurses, midwives, medical recorders,
analysts, administrators, and financial professionals—
men and women of all ages—who work in healthcare
facilities that employ electronic medical records (EMR)
are the EMR subjects. This group was potentially in the
failure mode of EMR implementation because some
participants believed they couldn't operationalize
EMR, while others were unaware of their duty to use
it. The admissions department uses EMRs the most,
while doctors utilize them the least (42-44). Building
an overall knowledge capacity to increase officers'
computer abilities, attitudes, and knowledge is vital
because health personnel need to be better prepared as
subjects in the EMR implementation (4).

This theme suggests that strengthening the subject's
capacity to operationalize the EMR is crucial.
Socialization and education alone are undoubtedly
insufficient. One of the keys to successful implementation
is the requirement for both direct practice and training.
Furthermore, the training requires reassessment to
determine whether ability has improved, and retraining
may be required if non-significant changes are found
in the evaluation results. This theme is consistent with
research showing that nurses can perform better through
a variety of actions taken to acquire, share, document,
and use information as needed (45).

The Use of EMRs
The use of EMR is considered in line with how users
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perceive its usefulness. This theme is consistent with
research from Nevada and California that shows the
majority of nurses believe that implementing EMR
increases productivity. Others believe that EMR is
time-consuming and affects how much a subject uses
it; for this reason, hospitals and providers need to offer
sufficient training to lessen the load on the subject
(13,46). Research has indicated that a robust association
exists between the behavioral interest in utilizing EMR
and the impression of its effectiveness (42-44). In other
words, all EMR subjects should have a better perception
of the benefits and interest in using them.

The theme of the use of EMRs also aligns with the study
in 2021, which concluded that knowledge quality and
effective utilization should be considered when assessing
the efficacy of EHR systems in healthcare facilities (47),
where the nurse's duties included establishing care for
the EHRs (35). A digital training method adapted to the
nurses' learning requirements and styles, the on-the-job
training structure, and enough peer support are required
for effective health information technology adoption to
improve the utilization of EMR (48). The use of EMR
with optimal subject ability enhancing user satisfaction.
In addition, user accuracy will also increase, thereby
reducing the occurrence of copy-pasting errors that
threaten patient safety.

Thistheme suggests thatthe adoption of EMR in healthcare
must include a policy component. All employees will
be obligated by the organization's leadership policies to
fulfill its objectives, particularly physicians and nurses,
who are the primary providers of healthcare services.
EMR guidelines that are comprehensive, understandable,
and workable for EMR subjects must be prepared. The
aforementioned principles and guidelines are consistent
with study findings that indicate the need for manual
guidance during all phases of HIS implementation,
ranging from design and planning to evaluation, due
to the inevitable evolution of numerous concerns and
challenges (11). The EMR usage policy, along with its
comprehensive guidelines and periodic evaluations,
can improve the strength of the EMR system, user
satisfaction, and patient safety.

Density visualization (Fig. 2 (c)) shows that keywords
often mentioned in the research are indicated by yellow
areas that are denser the more often they are cited. This
result is in sync with the network visualization in Fig.
2 (b). From the keywords mentioned least, this can be
important information for further writers to develop
research and achieve novelty. These keywords include
patient safety to the quality of EMRs’ system in the red
cluster. From the green cluster, the keyword medical
record’s review is the least used, associated with the
subject of the EMR system. The blue cluster has the
keyword multidisciplinary team related to the theme
of EMR utilization. These topics need to be developed
further with holistic assessment. Aguirre RR et al. study
in 2019 stated that only a few publications covered all

the aspects required, from selection and regulation to
the process for carrying out and afterward of the EHR
system within a single origin (12). Another study in Iran
stated that although EHR users have resolved information
communication barriers in developed countries, many
developing countries that have recently implemented
EHRs face similar problems (40).

Fig. 2: Research development. (a). Overlay visualization, (b). Network
visualization, (c). Density visualization. Data in "RIS" format works
with VOSviewer in order to easily visualization. This data analyzes
research development according to overlay, network, and density
visualization. (Adapted from Scopus Database and reworked with
VOSviewer).

This research can explain information on publication
patterns and research developments on the failure
mode of implementing EMRs or EHRs and construct
three themes enhancing EMR implementation with
Bibliometric analysis, but has considered its limitations.
Regarding data sources, this research only uses studies in
the Scopus database. Therefore, suggestions for further
research using a global database as another data source.
This study only obtained and analyzed 160 publications.
Specific cases that are still infrequently investigated
may serve to be a bit of reference, but bibliometrics are
still critical for acquiring comprehensive yet concise
insights into important issues. Qualitative design can
also be added to strengthen the synthesis. In addition,
identifying the correct search terms restricts the scope of
the examined journals and may omit significant journals
that should been part of the analysis.

CONCLUSION

The failure mode of EMRs or EHRs implementation
studies have continued over two decades despite
fluctuating. Developed countries still contribute the
most to research on this topic from the publishing
pattern and topic in research development. There
are three themes according to frequently appearing
keywords of clusters: the quality of the EMR system, the
subject of EMRs, and the use of EMRs that prioritize EMR
system robustness, user satisfaction, and patient safety.
The application of EMR remains an interesting topic to
study in line with the development of technology that
influences its evolution. On the other hand, research
on the application of EMR through a risk management
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approach needs to be improved. Further investigation
as a risk mitigation strategy against potential failure
in EMR implementation is essential to ensure the
implementation of this technology is safe, effective,
and runs as intended. There is still potential to study
the failure mode of implementing EMRs in developing
countries, especially about the scarce topics.
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