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Summary

Objectives: Clinical Information Systems (CIS) have ever since
the introduction of information technology in healthcare played
an important role fo support healthcare professionals and the
process of treatment. With the rise of the concept of integrated
care organizational borders, the sole focus on data aggregation
or healthcare professionals as users disappear more and more.
The manuscript discusses the concept of CISs and investigates
critical success factors for CISs in the context of infegrated care
and in the course of fime.

Methods: In order to identify critical success factors and barriers
for CISs a systematic literature review was conducted bosed on
the resulfs from PubMed and Cochrane, using MaxQDA. Search
results were thereby limited to reviews or meta-analysis.
Results: We have found 1919 references of which 40 met the
indlusion criteria. The analysis of the manuscripts resulted in

a comprehensive list of success factors and barriers related fo
(ISs in infegrated care setfings. Most barriers were user-related
whereas for the success factors an even distribution of organiza-
tional, technical and user-related factors was observed. The vast
majority of publications was focused on healthcare professionals.
Conclusion: It is important fo incorporate experiences made/
collected over fime, as the problems encountered seem to remain
almost unvaried. In order to support further systematic investiga-
fions on the fopic it is necessary o rethink existing concepts and
definitions to realign them with the ideas of integrated care.
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1 Introduction

Clinical Information Systems (CIS) have
ever since the introduction of information
technology in healthcare played an important
role to support healthcare professionals and
increase overall efficiency in the process
of treatment. A study of the Mid-sixties
indicated that around one quarter of the
labor cost in hospitals was associated with
information processing [1] so clinical
information systems along with the more
holistic hospital information systems were
meeting an urgent demand in healthcare to
reduce costs for information processing.
Although CISs were not the first computer
supported systems, they were amongst the
earliest. Hospital executives often favored
the introduction of administrative systems,
especially billing systems as the reimburse-
ment mechanisms were mainly based on a
fee-for-service principle [2].

First prototype implementations of CISs
date back to the early sixties such as the
HELP system [3] from the Latter-Day Saints
Hospital in Salt Lake City or the Oncology
Clinical Information System [4] at the Johns
Hopkins University.

An early definition from the eighties
defined Clinical Information Systems (CIS)
as: computer supported applications with
a relatively large and long-term database
containing clinical data that are used to
assist in the management of patient care [5].

The definition highlights the major
attributes of the first clinical information
systems as well as puts them in relation to
the concept of hospital information systems
as their clinical subsystems. The focus at that
time was clearly towards the basic collection
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and integration of data within hospitals in
an ambulatory and inpatient care-setting so
that data access for healthcare professionals
could be provided in a more uniform and
centralized way.

Another major driver for clinical infor-
mation systems in the early days was the
rising automation and availability of tech-
nology such as laboratory systems, which
offered first interfaces for data exchange and
extraction. Interestingly, a review from the
mid-eighties already proclaimed that clinical
information systems were to be regarded as
a mature technology, which surprisingly is
not used comprehensively in healthcare [5].

While the role and expected functionality
—although often not completely available at
that time — seemed to be obvious for the first
clinical information systems, different tech-
nological, economical or even socio-demo-
graphic developments have changed the view
on CISs substantially over the last decades.

The movement towards managed care in
the US at the beginning of the nineties and
the fight against cost inflation in healthcare
is a good example to illustrate the changing
requirements with regard to CISs over time
[2]. These macro-economic developments
have led to the establishment of new or
the extension of existing paradigms in
healthcare. In order to be able to meet the
requirements imposed by e.g. integrated
care scenarios, specialization, patient em-
powerment or disease prevention resulting
from the changed and extended structures
of healthcare provision (see e.g. [6]), it is
necessary that health information technology
adapts constantly and accordingly.

The number of factors that have shaped
CISs over time is diverse and their discussion
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would go beyond the scope of this article.
Therefore, three fundamental developments
and their importance are highlighted: the
proliferation of the concept of Integrated
Care, Electronic Health Records and the call
for the empowerment of patients.

1.1 Integrated Care

As has already been introduced in the pre-
vious section the concept of managed care
marked an important step in healthcare,
which was specific to the US but has inspired
many different developments all over the
world [7]. In the last decades, integrated
care became the term that is most often
used to summarize this paradigmatic shift
in healthcare on a global basis.

Although often applied, Integrated Care
is a term, which is still very vague. This is
primarily due to the facts that there are many
differences in the organization of (health)
care across nations, that it is used as an
umbrella term and that integration can be
tackled from different levels or perspectives
e.g. functional, organizational, professional,
clinical (see e.g. [7, 8]). Indeed the most
common taxonomies distinguish by type,
degree, process and breadth of integration
[9]. In [7] major drivers such as service
fragmentation and redundancies; continuity
and coordination problems; inefficient use of
resources; missing consumer centeredness;
suboptimal outcomes and chronic illness
for integrated care are given. Similar factors
were identified by [10].

From a patient perspective, integrated
care should amongst others support easy
access to and navigation within healthcare
as well as seamlessly integrate care; from
a provider perspective the coordination of
tasks, services and care across professional
and organizational boundaries is important
[7, 11]. Several recent and older publications
have also emphasized the importance of
(clinical) information systems [10, 12, 13]
as a supportive technology in order to enable
integrated care scenarios.

If one deliberates the concept of integrat-
ed care and combines it with the fact that
information technology is a prerequisite, it
is obvious that also CISs face major changes
that are subject to the changed environment
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in healthcare. To successfully meet these
demands it is necessary to extend the scope
of CISs beyond (local) data integration,
health professionals and organizational
boundaries.

1.2 The Role of Electronic Health
Records

The concept of trans-institutional pa-
tient-centered health records can be traced
back to the early nineties were the idea
of a computer-based patient record was
established. Over time this basic concept
evolved in terms of scope, focus and indeed
technology used to implement it, though the
basic idea of providing a comprehensive,
integrated and predominantly trans-institu-
tional record that supports the provision of
health services stayed the same over time
[14]. Together with the concept, also the
terms used for it changed such as Continuity
of Care Record (CCR), Electronic Medical
Record (EMR), Personal Health Record
(PHR), Electronic Health Record (EHR)
etc. Although the specific terms allow some
inference on the basic attributes of the under-
lying system or conceptual characteristics,
there is still no common use of terms in the
literature until today. This fuzziness is less
a problem for actual healthcare providers or
industry but for the systematic research on
the concept and has already been addressed
by a number of publications e.g. [15, 16].

Although the exact meaning and the
definition of the concept is a matter of
perspective and changes over time, it seems
that the term Electronic Health Record has
been widely accepted and used. A simple
PubMed research in November 2014 using
the different terms mentioned earlier in the
text confirms this assumption. The term
EHR(s) outnumbers all other terms by far.
The heavy use of EHR in literature started
in 2009 (2010: 1266 hits; 2009: 531 hits;
2008: 239 hits). This goes together with the
HITECH (Health Information Technology
for Economic and Clinical Health) ACT
in the US as part of the ARRA (American
Recovery and Reinvestment Act) and the
start of the epSOS project in the EU, which
were both milestones in fostering Electronic
Health Records.

Such initiatives/projects not only prolifer-
ated the use of the term but also contributed
to the understanding of the concept not only
with regards to a complete record about a
patient but a new paradigm of cooperative,
trans-institutional care.

[t is widely agreed in science by now that
the concept of an EHR describes a compre-
hensive, cross-institutional, and longitudinal
collection of a patient’s health and healthcare
data. It, therefore, includes data that is not
only particularly relevant to a subject’s med-
ical treatment but also to a subject’s health in
general. The patient is regarded as an active
partner in his/her treatment by accessing,
adding, and managing health-related data,
thereby supporting care [17].

From a conceptual point, it is a fundamen-
tal question how the concept of Electronic
Health Records relates to the concept of
Clinical Information Systems and how these
two concepts influence each other.

Trying to polarize one could state that the
concept of an Electronic Health Record is
characteristic for a trans-institutional, holis-
tic, patient-centric, modern view on health-
care whereas CISs represent an intra-mural,
treatment-specific, provider-centered, classi-
cal view. A lot of fundamental questions in
this context seem to be unanswered such as
if these two concepts share the same core
and are just different views on patient data;
or if EHRs are the successors of CISs on the
long run; or if EHRs introduce fundamen-
tally new elements such as patient involve-
ment; or if they are separate systems that
just share an interface. A search on PubMed
and Google in November 2014 using “De-
pendence”, “Impact”, “Relation” and the
two Concepts trying to find publications
on these questions did not yield sufficient
evidence. Although these questions seem
obvious, there is hardly any literature avail-
able that deals with these questions on a
conceptual and not practical basis.

Moving away from a theoretical per-
spective to a more practical approach, it is
without a doubt that the ongoing prolifer-
ation of EHRs has a substantial practical
influence on CISs.

The consequences can be illustrated by
example; currently a nationwide Electronic
Health Record is implemented in Austria
based on a recently passed bill, with the aim
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Fig. 1 Relative and absolute occurrence of selected types of records in publications for each year based on the distribution results from different PubMed searches using the singular and plural of the respective terms
(e.g. "Electronic Health Record” OR “Electronic Health Records”). Abbreviations: EHR — Electronic Health Record, EPR — Elecironic Patient Record, EMR — Electronic Medical Record, CCR — Confinuity of Care Record,

(IS — Clinical Information System.

of linking all public hospitals by the first half
of 2015 and then consecutively adding fur-
ther health professionals and organizations
such as private hospitals, general practi-
tioners, dentists etc. The practical impact of
this initiative on CISs is significant.

In order to be able to exchange data on an
inter-organizational level in a meaningful
way, it is necessary to ensure interopera-
bility on different levels. Apart from basic
technical interoperability, achieving seman-
tic interoperability has proven to require
large-scale changes. It is not only necessary
to use standards and (information) models
but to limit these in their freedom of setting/
using specific attributes, values or coding
schemes [18]. Existing CISs therefore
require fundamental changes in how they
store, process and transmit information.
Apart from the capability of software to
process information in a structured way, it is
more often a problem of missing availability
of structured and coded information, as
clinical processes are simply not producing
this kind of information (see e.g. [19]).
Insufficient coding or free text fields limit
the meaningful trans-organizational use of
information. Although natural language
processing capabilities have evolved sub-
stantially over the last years, it is still not
possible to sufficiently and routinely code
or structure medical free text.

1.3 Empowering Patients

As already introduced in section 1.1 the
imperative of integrated care does not
only comprise the healthcare organization
and the provider side but also the patients.
Apart from the patient’s involvement in the
actual treatment, prevention and follow-up
procedures even more require the active
cooperation of the patient. Although it is not
scientifically proven that the integration of
the patient with all means and at all points of
the treatment lead to a better outcome there
are certain settings where patient participa-
tion is favorable (see e.g. [20, 21]).

The concept of integrating the patient
in his/her treatment is known by various
terms such as patient collaboration, patient
involvement, partnership, patient-empow-
erment or patient-centered care [22]. In
addition, the related content of the concept
is not well defined so far and refers to dif-
ferent activities regarding care ranging from
education to tele-monitoring.

1.4 Drivers for Clinical
Information Systems

Summarizing the findings from the first sec-
tions, the development of Clinical Information
Systems was at their rise in the sixties primarily

driven by the establishment of data pools that
fostered the easy access to data for health
professionals and acted as central repositories
for the integration of device data. This is also
reflected by the aforementioned definition of
CISs that described them as large databases.
With the rise of a new paradigm - integrat-
ed care - the scope in healthcare changed and
subsequently it was and still is necessary to
adapt IT systems accordingly. In order to meet
the changed/new requirements it is necessary
to adopt an inter-organizational, collaborative
and holistic perspective. The scope is no
longer on institution-specific data pooling
during the medical treatment of a patient but
on the integration of different data sources for
a patient and their meaningful use with regard
to different stakeholders (including health
professionals but also the patient and others)
as well as different settings such as treatment,
patient education, follow-up treatment etc.
A question that was already raised in the
context of this paper is how CISs and EHRs
are related. Depending on the perspective, one
could hypothesize that EHRs are the next leap
in the evolution of CISs that incorporate the
basic ideas of integrated care on a conceptual
level. It is indeed a difficult question to answer
and probably a question of doctrine. Regard-
less of the definition of CISs, EHRS or other
concepts and their relations, it is a fact that
integration on all levels in healthcare is taking
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place. Hence, the success of any information
system depends on the way how capable it is
to meet the corresponding demands.

1.5 Objective and Definitions

The current paper aims at the identification
of critical success factors and barriers for the
use, implementation and conceptualization
of Clinical Information Systems in integrat-
ed care settings, therefore e.g. supporting
the identification of potential gaps between
possible future challenges and already con-
ducted research.

The analysis is not limited to the provider
side or investigates the problem generally
taking other stakeholders such as the patient
into account.

Success factors are understood as groups
of organizational, functional, technical or
other requirements that have been identified
to foster the integration or evolvement of
CIS towards supporting the concept of inte-
grated care. Barriers are understood as the
opposite, hindering the proliferation of CIS.
The analysis does not primarily aim for the
identification of atomic requirements such as
how a certain functionality e.g. the presenta-
tion of lab results needs to be implemented.

For the current analysis, Clinical Infor-
mation Systems are primarily not regarded
in a traditional way as e.g. described in the
introduction of the paper, but as an umbrella
term that covers all computerized informa-
tion systems that deal with clinical data in
healthcare in a broader sense. This accounts
for the fact that it is very difficult and a mat-
ter of the viewpoint to precisely define the
boundaries of clinical information systems in
the context of integrated care. Furthermore,
itis a shift from an organizational/data view
on computerized information systems to a
more user-centered/functional view.

2 Methods

In order to identify success factors and barriers
for clinical information systems in integrated
care settings scientific literature was searched
in PubMed and Cochrane. The literature
analysis was focused on the identification of
existing reviews covering the respective topic.
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The analysis was based on the requirements
given in the PRISMA statement [23].

2.1 Data Collection

The search string used for data collection was
composed of MeSH-Terms as well as related
terms where no MeSH-Terms were available.
Regardless of the source for data collection,
we tried to use the same search string. In
order to guarantee comparable search results
for all databases we decided to include all
descendants of the selected MeSH terms. To
obtain the actual search string we used the
MeSH-Browser of PubMed and substituted
the MeSH-Terms by the indicated search-
terms. Due to space limitations, the resulting
search string is not provided in the paper but
can be easily reproduced using the publicly
available MeSH-Browser. The following
search string was used to retrieve results:

(“Hospital Information System*”
OR “Clinical Information System*”
OR “Electronic Medical Record*”
OR “Electronic Patient Record*” OR
“Continuity of Care Record*” OR
“Electronic Health Records”[mh]
OR “Medical Records Systems,
Computerized”[mh]) AND (“outcome*”
OR “success factors” OR “prerequisite*”
OR “requirement*” OR “experience*”
OR “integrated care” OR “assessment™®”
OR “evaluation*” OR “Lesson* learned”)

The collection of data was limited to
(systematic) reviews and meta-analysis that
were published between 1994 and 2014 and
that were originally written in English lan-
guage in PubMed. The same timeframe and
language was used for Cochrane but due
to missing filters, the initial results could
not be limited to (systematic) reviews and
meta-analysis, which had to be performed
manually in the data analysis.

2.2 Data Processing and Analysis

Two researchers from the field of medical
informatics processed the references that

were retrieved from the different databases.

Reviewers A and B separately evaluated the

articles. In case of conflicts, a consensus was

achieved by discussion.

In a first step, all references found were

matched and duplicates were deleted. The

remaining references were checked for
eligibility based on their title and abstract.

In order to be eligible for further processing

the following in-/exclusion criteria had to

be met:

o The publication is a (systematic) review
or meta-analysis.

o The publication does not focus on a specif-
ic implementation of items/functions of a
system e.g. a medication/laboratory func-
tionality or the use of a certain standard.

o The publication does not focus on hard-
ware/devices.

o The publication does not focus on clinical
outcomes associated with the use of HIT.

o The system/concept under review is in-
tended to support/enable integrated care
scenarios such as the trans-institutional
information exchange or the collabora-
tion of different stakeholders.

Eligible documents were further processed
using a summative content analysis as e.g.
described in [24] to obtain a system of cat-
egories. After twenty percent of all papers
were processed, the derived categorization
system was revised in order to improve its
structure and unambiguousness.

To derive success factors and barriers the
coders were searching the obtained papers
for statements that were either referring to
ethical, organizational, technical or (non-)
functional or stakeholder-related require-
ments that have to be met or statements that
were referring to problems or barriers.

The whole process was supported by
the use of the software MaxQDA 11™
by VERBL.

3 Results

The queries in PubMed and Cochrane were
performed in November 2014 and returned
1886 unique references. Analyzing the title
and abstract of the retrieved references,
1818 elements could be excluded. Main



reasons for exclusion were the focus on
clinical outcomes or trials (530 references)
and a mismatch in content/topic (990 refer-
ences). The remaining 68 references were
further analyzed for eligibility and another
28 references were excluded resulting in 40
references. See Figure 2 for an overview of
the steps performed.

The number of publications for the years
2012 to 2014 account for thirty-five percent
(n=14) of the remaining 40 references.
Seventeen publications out of forty were
identified that focus especially on various
aspects of clinical information systems of
which seven publications have been pub-
lished starting from 2012.

The identified barriers and success
factors were structured according to five
dimensions: organizational and conceptual,
technical and non-functional, functional,
data and information as well as user-related
dimension.. We also decided to collect given
barriers and success factors separately in
order to separate both views and be able to
see if there are discrepancies. Barriers and

success factors can be found in Tuble 2 and

Tuble 3. If one compares the share of the Percentage of total occurrence per category

different categories especially when aggre- <2012 >=2012 Diff. Total

gating the corresponding categories from Barriers

barriers and success factors over time then

no outstanding differences can be observed ?'9}?”_””'”/0;”'/ FCO"‘:F”U?' ;;Eﬁ’ ;gz;" g:;" ;?3’
ecnnica on-runcriona 0 0 -37/0 0

except for the user-related category. For User-tlatd o i e .

details, see Table 1.

In the following paragraphs, the most Suceess Factors

important success factors and barriers for Organizational / Conceptual 31% 33% +2% 3%

each category are introduced and further Technical / Non-Functional 27% 34% +7% 30%

details about their characteristics are given, Functional 7% 3% 4% 6%

as these are not part of Table 2 and Table Data and Information 8% 4% 4% 7%

3. For these characteristics, sources are User-related 26% 27% 0% 26%

provided exemplary but are not intended
to be exhaustive.

3.1 Organizational and
Conceptual Factors

The most important factor, which is re-
ferred to by 60% (n=24) of all publications
is project and [T-management. The most
important requirement given for project
management is the involvement of man-
agerial and administrative staff as well as
clinical stakeholders in the planning and
implementation [25-27]. It is further stated
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1919 references found
(1411 Pubmed / 508 Cochrane)

Y

1886 after duplicates
removed

1818 references excluded:

eligibility

e 188 wrong focus/specific element
e 530 clinical outcome/trials

e 990 wrong topic/content

e 110 wrong type

40 references included in
qualitative synthesis

28 references excluded:
e 19 wrong focus/specific element
e 9 wrong topic/content

Fig. 2 Overview data collection and processing

Table 1 Percentage of tofal occurrence for each category based on the sum of category items with regard to barriers and success factors grouped
by publications before 2012 and 2012 and later. Variation between both groups and percentage for both groups (total) is given.

that detailed planning [28], a strategy [29],
clear objectives as well as pilots 30, 31] are
important requirements for success. These
requirements can equally be found in the
identified barriers (see e.g. [32]). Contin-
uous improvement of systems [33, 34] as
well as their regular evaluation [31, 35] are
considered important for [T Management.

Training, Education and Support is the
second most important element and can be
found in 50% (n=20) of all publications.
Active user participation in training [28]

and easy availability [32, 36] are given as
important elements. This is also supported
by the fact that missing IT skills [37, 38] are
given by 10% (n=4) as a barrier to success.

Subsequently cost, outcome and work-
flow integration follow with around 45%
(n=18) each. The most important factor
with regard to outcomes is regarded as the
evaluation of patient outcomes [37, 39].
Other sources also refer to the necessity
to learn from the outcomes of the previous
system implementation processes [35]
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and to evaluate potential system outcomes
through simulation [31] and testing during
the process of implementation [26, 40].

It is important that systems integrate in
the clinicians’ daily workflows, therefore, it
is important that current workflows are an-
alyzed, understood and carefully redesigned
together with clinicians [41, 43]. For this it
is important to also foster collaboration on
an organizational level (28%, n=11) [26, 44]
and consider socio-technical aspects (10%,
n=4) 30, 45].

High-cost is an important barrier [30, 38]
to the successful implementation of systems
especially in a trans-institutional context
therefore funding needs to be assured [28,
35] with special focus on cost-sharing [30].
Traceable return on investment [35, 46] is
another success factor that is mentioned in
the manuscripts.

3.2 Technical and Non-Functional
Factors

Data security and privacy are amongst the
most important success factors, which can
be found in many publications that focus on
inter-organizational information systems.
Summarizing barriers and success factors,
around 50% of all analyzed publications
refer to security issues. Encryption [47],
comprehensive logging [48] and user
education [47] are regarded as important
measures in this context.

Other important and observed factors
can be grouped together as core to trans-in-
stitutional information systems and in-
clude systems interoperability (23%, n=9),
holistic standardization (38%, n=15),
support for communication and data ex-
change (33%, n=13), system flexibility
(33%, n=13) and integrated systems (28%,
n=11). With regard to this group of factors,
many requirements could be found. In
order to create successful systems stan-
dards need to be applied extensively on
different levels. The majority of papers
refer to standardized terminologies [49],
documents [40] and messaging [46], but
also the support of clinical protocols [26]
and standardized export formats [39] are
mentioned. Furthermore interdepartmental
or even inter-organizational communica-
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tion of different health professionals, not
restricted to clinical data needs to be sup-
ported within the systems [50-52]. Flexi-
bility is a further claim [46, 53]; systems
need to be adaptable [29] especially in line
with organizational changes or changes
in care delivery (processes) [32]. Corre-
sponding barriers are mentioned in terms
of missing standards (8%, n=3) [28, 54],
poor system integration (8%, n=3) [32, 48]
or inflexible to changes (8%, n=3) [36].

Systems need to find a balance between
stability and flexibility [35]. Performance and
response time (30%, n=12) [35, 42] as well as
availability and reliability (25%, n=10) [29,
55] are important success factors, which are
also part of the identified barriers [37].

3.3 Functional and Information-
related Factors

Because we analyzed systematic reviews and
meta-analysis but excluded manuscripts that
are dedicated to a specific function or sys-
tem, the number of observed functions is low.
Nonetheless, certain basic functions were
found. Decision support (25%, n=10) [31,
39, 55] was identified most often followed
by reminders/alerts/notifications (15%,
n=6) [37, 39, 42], support for automation
(8%, n=3) [39, 40, 51] and support for the
secondary use of data (8%, n=3) [40, 49, 57].

Information-related factors included the
claim for easy access to and provision of
comprehensive patient data (35%, n=14)

Table 2 Barriers to the successful implementation and conceptualization of clinical information systems. (For each barrier the identified references
are provided as well as the absolute number and percentage of occurrences is given. Occurrences are only counted once per publication. Total

number of publications n=40.)

Barriers References N %
Organizational / Conceptual
Missing managerial support [32] 1 3%
Enforced implementation [28, 51] 2 5%
Insufficient project planing [27,28, 48] 3 8%
Missing resources [37, 51, 56] 3 8%
Different views on processes/routines [25-27, 36, 45 5 13%
High cost [30, 32, 38, 51, 57] 5 13%
Technical / Non-Functional
Complex information needs [32] 1 3%
Data overflow [28] 1 3%
Poor system infegration [32, 48, 51] 3 8%
Missing standards and guidelines [28, 54, 58] 3 8%
Inflexible o changes [32, 36, 48] 3 8%
Poor data quality [25, 32, 39, 51, 58, 59] 6 15%
Poor system reliability and response time [32, 36-38, 40, 51] 6 15%
Inconvenient/poor system design [31, 34, 36, 37, 46, 51] 6 15%
Data Security and Privacy Concerns [28, 30, 32, 36, 47, 56, 59, 60] 8 20%
User-related
Increased accountability/liability [30] 1 3%
Dependence on technology [48] 1 3%
Missing IT skills [32,37,38,51] 4 10%
Insufficient communication during/after implementation [26, 28, 36, 48, 51] 5 13%
Change of established processes/workflows [26, 28, 30, 36, 38, 40, 46, 48, 51] 9 23%
Changes fo physician-patient relation (dehumanized [28, 30-32, 34, 37, 46, 48, 51, 56, 60] 11 28%
patient care)
Missing involvement of users in the development [25,27-29, 31, 32, 35, 36, 38, 51, 12 30%
56, 59]
Increased clinicians time/effort [26, 28, 3032, 34, 36, 38, 40, 42, 45, 19 48%
48, 51,52, 56, 57, 60-62]
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[32, 59] as well as accuracy (18%, n=7) [28,  Toble3 SutessFadorsfortheimplementafion and conceptualizationofcinical information systems. (For each success factor the identified references are provided
33] and consistence (8%, n=3) [28, 36] of as well as the absolute number and percentage of occurrences s given. Occurrences are only counted once per publication. Total number of publications n=40.)

data within information systems. Another i o e
success factor is meaningful possibilities to uecess Fadors elerences °
aggregate and group data (8%, n=3) [34,49]. Organizational / Conceptual
System Certification [30] 1 3%
Consider ethical requirements [35, 47,51] 3 8%
_ Consider socio-fechnical system aspects [30, 35, 45, 48] 4 10%
34 User related Factors Establish steering committee, user groups [30, 32, 40, 60, 63] 5 13%
An increase in time that clinicians spend Consider political issues (external/in-house) [25, 26,29, 35, 41, 42, 45, 47, 50, 60, 63] 1 | 28%
for documentation and data retrieval (48%, Foster collaboration on an organizational level [26-29, 31, 35, 44, 46, 48, 51, 62] 11 | 28%
n:19) due to new Systems 1s identified as Costs/Economy [26, 28-30, 32, 34--38, 46, 60, 62] 13 33%
2 major barrir. Reasons for this re poor | [IEELRECEHAEE | s s ek |1 | 45w
m ity 1281, multiol men- ntegration of Systems in clinical workflows , L7131, 34,35, 31, , 40, 40, 01,00, 01— .
2’33; [rss]at(’)r zsgrfc]t,in uatl £ tz ﬁfg]u T;is Thalig) Education dnd Sippor [26-33, 35-37. 39, 40, 47, 48, 51,55, 56,62, 63] | 20 | 50%
is also supported by tﬁe correspoﬁding Project and IT management [25-35, 37, 38, 40, 42, 48, 50, 51, 56, 59-63] 24 | 60%
success factors such as the perceived use- | Technical / Non-Functional
fulness for the users (55%, n=22) or usabil- Reliable backup systems [39] 1| 3%
ity (60%, n=24). Factors that increase the Readiness for Infernet [32, 44, 59] 3| 8%
perceived usefulness include an increased Mature systems [26,29,30, 42, 61, 63] 6 | 15%
productivity [28, 56], a clear motivation Support for ubiquifous compufing (28,29, 32, 39, 54, 61] 6 | 15%
and explanation for the implementation | Guaronfee Privay (28,29, 35, 41, 45, 53, 63] 7| 18%
of a new system [45] or the satisfaction of | ELIEWERCE, 29353 9479 53561 0 | o5
C e . : . . vailability and Reliabili , £7,9),96, 37, 42, 31, 39, 33, 0
?ndwldualtmfﬁrma.“%n needz {)29]' Usi‘b.ltl.lty Infegrated Systems [26-28, 32, 35, 43, 46, 55, 57, 61, 63] | 28%
15 amongst others Ituenced by an TILVE | pertomane gnd Response fime [26,29, 31, 33, 35, 36, 39, 42, 44, 51, 52, 55] 12 | 30%
use [_34’.38]’ a user-centered design [26], Support communication and data exchange [28, 33, 36, 39, 40, 4345, 49-52, 54] 13 | 33%
possibilities to adapt the system to spe- | Sysem fledbilty [26,28, 29,32, 34, 35, 39, 42, 45,46, 53,55, 58] | 13 | 33%
cific user-behaviors [33, 52] and efficient Guarantee Data security (25,28, 29,32, 33, 35, 41, 45, 47,48, 53,55, 61,63] | 14 | 35%
use through e.g. automatic data provision Holistic Standardization [26, 30, 32, 33, 35, 36, 39, 40, 45, 46, 49, 53, 55, 15 | 38%
ghe.g p
[55], data filtering [51] or real-time data 58, 60]
analysis [32]. . Functional
Several barriers and success factors are o .
dedicated to the involvement of users in g'tf”ff”,'o”&wl‘”ef”etss Eg } 20;0
the conceptualization and implementation S:p;{'}? forigcoi(:i:rr; e [40, 49, 5] 3 80/2
of new systems. Im.po.rtant' barriers in this T [39: 40: 5] 3 | 8w
context are the missing involvement of | peminders/Alerts Nofificatons [34, 37,39, 42, 51, 5] 6 | 15%
users (health professionals and patients) in Decision support (26,28, 31, 34, 36, 37, 39, 42, 55, 57] 10 | 25%
the system development (30%, n=12) [27, Data and Information
36] and insufficient communication during/
after implementation (13%, n=5) [26, 48]. Strategies to decrease dafa entry errors [32] 1 | 3%
Success factors include an adequate and Novgll patient identification strategies [39] 1 32/0
constant motivation of staff (35%, n=14) gO”S'STe”Td“T? - [gj gg 23] g gof’
through activities [35], incentives [42, 60] | Deto coaregafon posiiles [, ) :
dinf " 31). the invol tof Data accuracy [28, 31, 33, 36, 40, 53, 55] 7 18%
Zﬁ s;gk(;g:)lladgrsl i(n til,e perolcrzlgsos \;)efmifrrllplg- Provide (access o) comprehensive patient data [28, 3234, 36-39, 42, 51, 57-59, 61] 14 | 35%
mentation (60%, n=24) [25, 43] and the | User-elated
structured management of user concerns/ Sufficient access to computers 29, 33, 55] 3 | 8%
feedback (28%, n=11) [27, 32]. Involving User readiness/previous experiences [28-30, 35, 37, 42, 59] 7 | 18%
all stakeholders implies actions such as the Manage user concems/feedback [27,29-34, 37, 48, 55, 63] 11 | 28%
identiﬁcation Ofkey actors/champions [26’ Encogruge/motivure staff [26, 28, 29, 3]*33, 35*37, 42, 55, 56, 60, 62] 14 35%
30], establishing interdisciplinary working Perceived usefulness for the user £256 5278 5299] 32-36, 38—41, 43, 44, 48, 5153, 22 | 55%
gtm‘)lp[zgaitg]lnlfttrﬁnonﬁatfnt;’ Cnhn;"tliirlls Incude ol sokeholder n he implementafion process | [25-33, 35, 37, 40, 42, 43, 46, 48, 51, 5456, 59-61, 64] | 24 | 60%
Iele"e' el [’2 6l or the compensation OLtmMe ;¢ [26,28,29, 3239, 4144, 48, 51-53,55, 59, 6163) | 24 | 60%
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Further important barriers are changes
to the physician-patient relation (dehuman-
ized patient care) (28%, n=11) [30, 56]
and changes to established processes and
workflows (23%, n=9) [48, 51].

3.5 Comparing the Focus of
Publications over Time

With the rise of different technological
concepts, ideas or organizational paradigms
over time one can often observe a shift in the
focus of publications. Therefore, we have
compared publications prior to 2012 (n=26)
and recent publications (2012-2014, n=14)
with regard to their focus on certain aspects
observed in our analysis. The comparison is
based on the relative occurrence of factors
within the publications and only covers a
decrease or increase of occurrence higher
than £ 15 %. A detailed overview of the
changes can be found in Table 4 and Table 5.
The highest increase could be observed for
the success factors: the consideration of (ex-
ternal/in-house) political issues (+24%), the
inclusion off all stakeholder in the process
of implementation (+21%) and the support
of ubiquitous computing (+21%).

The highest decrease was observed for:
providing access to comprehensive patient
data (-32%), pursuing a holistic standard-
ization approach (-25%) and the necessity
to evaluate the outcome of systems (-25%)
together with the barrier to change existing
workflows and processes (-24%).

It is important to note that a decrease
or increase does not necessarily imply a
decrease or increase in importance but often
a shift in focus or that certain matters have
been resolved. A good example for the ne-
cessity to cautiously interpret the results is
the decrease with regard to the increase of the
item “Systems interoperability” and decrease
of the item “Holistic Standardization”.

3.6 A Quick Look on Outcomes

For the primary goal of the manuscript, the
identification of barriers and success factors,
we have actually excluded references that
were focusing on the analysis of outcomes of
clinical information systems. Nevertheless,
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Table 4 Selected success factors and barriers with a relative increase in occurrence in publications of >=15%, comparing publications prior

t0 2012 and between 2012 and 2014.

2012-2014 (N=14) prior 2012 (N=26)  Increase (> =15%)
N % N % %

Success Factors

Organizational / Conceptval
Consider political issues (external/in-house) 6 43% 5 19% +24%

User-related

Include all stakeholders in the implementation 10 71% 13 50% +21%
process
Encourage/motivate staff 6 43% 7 27% +16%

Technical / Won-Functional
Support for ubiquitous computing 4 29% 2 8% +21%
Systems Interoperability 5 36% 4 15% +20%
Guarantee Data security 6 43% 7 27% +16%

Table 5 Selected success factors and barriers with a relative decrease in occurrence in publications of > =15%, comparing publications prior

t0 2012 and between 2012 and 2014.

2012-2014 (N=14)

prior 2012 (N=26) Decrease (>=15%)

N % N % %
Success Factors
User-related
Perceived usefulness for the user 7 50% 15 58% -8%
Manage user concerns/feedback 3 21% 8 31% -10%
Usability 7 50% 17 65% -15%
Technical / Non-Functional

Holistic Standardization 3 21% 12 46% -25%

Organizational / Conceptional
Integration of Systems in Workflows, 5 36% 13 50% -14%
Healthcare Processes
Outcome assessment/evaluation 4 29% 14 54% -25%

Data and Information

Provide (access to) comprehensive patient data 2 14% 12 46% -32%
Barriers

User-related
Missing IT skills 0 0% 4 15% -15%
Change of established processes/workflows 1 7% 8 31% -24%

Technical / Non Functional

Poor system reliability and response time 0

0% 6 23% -23%

Organizational / Conceptional

High cost 0

0% 5 19% -19%

a positive outcome is probably one of the
major success factors on the long run so we
decided not to completely skip on outcomes.
We have therefore analyzed the excluded
references (n=81; reason for exclusion: con-

tent describes clinical outcome) with regard
to the basic subject, they are dealing with.
The majority of outcomes research
regarding specific functionality was dedi-
cated to CDSS - Clinical Decision Support



Systems (n=14, 17%) and CPOE - Clinical
Provider Order Entry Systems (n=17, 21%)).
Outcome of CDSS and CPOE systems were
most often analyzed with regard to medica-
tion or their influence on medication errors.
More general reviews were dedicated to
EHR - Electronic Health Records (n=10,
12%), EMR — Electronic Medical Records
(n=14, 17%) and HIT — Health Information
Technology (n=10, 12%) in general. A spe-
cific focus of EHR, EMR or HIT outcomes
reviews could not be identified; topics were
ranging from their impact on certain disease
such as diabetes to their organizational or
process-specific impact. Restricting the
results to the years 2012 — 2014 a similar
distribution of subjects could be found.

Although it is not possible to provide a
detailed summary of the results at this point
we found clear evidence from the papers that
neither of the concepts does provide benefits
with regard to (clinical) outcome per se. The
predominant number of publications conclude
that benefits are subject to a specific organi-
zational and functional setting regardless of
the (technological) maturity of concepts. This
can best be observed by comparing reviews
over time (see e.g. [33, 65-68]).

4 Discussion

The following paragraphs briefly summa-
rize important findings from our study and
discuss the limitations and generalizability.

4.1 Summary of Evidence

We were able to identify several barriers and
success factors related to Clinical Informa-
tion Systems in a broader sense. Still, the
number of publications explicitly referring
to the term Clinical Information System
in their title or within the text was limited.
Publications predominantly did not define a
clear or explicit conceptual scope regarding
the system under review and additionally
were using different definitions or investi-
gating multiple conceptual concepts at once.
This was not surprising to us, as we have
experienced the same difficulties setting
the scope of the present manuscript. There

is apparently a need for clarification and
reflection of the established concepts with
regard to their suitability within the domain
of integrated care.

Regarding potential stakeholders, the fo-
cus was clearly set on healthcare profession-
als for the majority of publications. Patient
specific barriers and success factors were
mentioned and occasionally requirements
were analyzed in more detail but the overall
occurrence was comparably low. There are
indeed numerous publications available that
analyze user-needs in a specific context or for
a specific system but rarely any publications
that put these in a broader context. This is
an interesting finding as integrated care
explicitly refers to the active involvement
of patients. Therefore, it can be considered
as an important but not well-explored field.

It is striking that the majority of barriers
and success factors are fairly constant over
time respectively in the publications. This
perception is also supported by the observed
results from the outcome studies. The
question arises whether research results are
sufficiently transferred to practice.

4.2 Limitations

The success factors and barriers were ac-
quired through a qualitative content analysis
of available reviews and meta-analyses by
two independent coders. The manuscripts
were obtained through PubMed and Co-
chrane. Although the approach was defined
and discussed in advance, we may have
overlooked relevant publications. Also the
selection of literature and especially its
coding finally depends on the coders. Se-
lection and coding bias was reduced by the
definition of keywords, in-/exclusion criteria
and the discussion of codings but cannot be
eliminated, directly influencing the validity
and completeness of the results.

As there is no commonly agreed view
on the boundaries of Clinical Information
Systems with regard to integrated care sce-
narios, we have chosen a holistic view for the
current study including different concepts
such as EMRs or EHRs in our analysis. This
decision influences the specificity of results
and relevant details may be lost. On the
other hand, the current approach compen-

87
|

A Systematic Investigation on Barriers and Gritical Success Factors for Clinical Information Systems in Integrated Care Settings

sates different use of terms and definitions
and supports the identification of common
success factors and barriers of information
systems in a trans-institutional setting.

The low number of available manuscripts
that could be found using the term “Clinical
Information System” or corresponding mod-
ifications encouraged us as well to decide in
favor of a holistic approach.

4.3 Generalizability

Apart from the previously discussed lim-
itations, the results of the current study are
based on solid evidence as the source manu-
scripts only included systematic reviews and
meta-analysis. During the selection of man-
uscripts, we have also excluded manuscripts
that did not meet the methodological criteria
of a systematic review or meta-analysis even
if the title or search engine categorization
provided a different indication. Therefore,
each factor presented in the current manu-
script even if having an occurrence of one
is in turn based on a systematic review and
multiple sources.

5 Conclusion

The current review clearly illustrates that
ongoing changes in healthcare such as
increasingly disappearing organizational
boundaries on an informational level, spe-
cialization in care or the alignment of care
along trans-institutional processes require
a fundamental rethinking of established
assumptions and doctrine with regard to
(computerized) information systems includ-
ing clinical information systems.

It is important to learn from the experi-
ences made/collected over time and finally
adapt to these requirements as e.g. provided
in the current manuscript. Interestingly the
experienced barriers/success factors or in
other words committed faults somehow seem
to remain almost unvaried over time.

In order to support further systematic
investigations on the matter it is necessary to
clarify, extend or even fundamentally change
existing concepts and definitions to realign
them with the ideas of integrated care.

[MIA Yearbook of Medical Informatics 2015
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