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Abstract
Background

Since the 1990s many hospitals in the OECD countries have introduced electronic health record (EHR) systems. A number of studies have examined the factors impinging on EHR implementation. Others have studied
the clinical efficacy of EHR. However, only few studies have explored the (intermediary) factors that make EHR systems conducive to quality management (QM).
Objective

Undertake a narrative review of existing studies in order to identify and discuss the factors conducive to making EHR support three dimensions of QM: clinical outcomes, managerial monitoring and cost-effectiveness.
Method

A narrative review of Web of Science, Cochrane, EBSCO, ProQuest, Scopus and three Nordic research databases. Limitation: most studies do not specify the type of EHR examined.
Results

39 studies were identified for analysis. 10 factors were found to be conducive to make EHR support QM. However, the contribution of EHR to the three specific dimensions of QM varied substantially. Most studies (29)
included clinical outcomes. However, only half of these reported EHR to have a positive impact. Almost all the studies (36) dealt with the ability of EHR to enhance managerial monitoring of clinical activities, the far majority
of which showed a positive relationship. Finally, only five dealt with cost-effectiveness of which two found positive effects.
Discussion and conclusion

The findings resonates well with previous reviews, though two factors making EHR support QM seem new, namely: political goals and strategies, and integration of guidelines for clinical conduct. Lacking EHR type

specification and diversity in study method imply that there is a strong need for further research on the factors that may make EHR may support QM.
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1 Background

Since the 1990s many hospitals in the OECD countries have introduced electronic health records (EHR). For example, by 2012, nearly six in ten US hospitals actively exchanged electronic health information with providers and
hospitals outside their organization [1], though hospital doctors in many countries have been slow to take up electronic information systems compared to general practitioners [2]. There are multiple goals behind the adoption of EHR
systems, such as faster and easier access to clinical data, improved clinical outcomes, increased patient empowerment, and greater cost-effectiveness. Thus, EHR are often adopted because they are believed to enable the

accommodation of several of these goals at once [3], though this belief has been contested as we shall see below.

A general rationale behind EHR is their potential of contributing to the improvement of quality management of health care provision [4]. It has been argued that consistent use of EHR may assist in further attuning medical
interventions to individual patient needs [5], enhance patient safety [6] and improve wider quality management (QM) practices [7,8]. Notwithstanding the potentials of EHR to contribute to improve QM there is no guarantee that they
will automatically improve quality or reduce costs [9,10]. The collection and utilization of data through EHR systems may produce a wide range of unintended and undesirable effects [11,12]. For example, poor data quality from EHR
and ICT systems in general in the health sector has been estimated to be responsible for around 30% of patient safety incidents [13]. So far, few attempts have been made to synthetize the knowledge on the factors affecting the
linkages between EHR and QM. The evidence underlying some of the existing synthetizing accounts on the conducive factors is either implicit or lacking [14]. Accordingly, there is a need to synthetize the existing empirically based

research on the relationship between EHR and quality management.



This article undertakes a narrative review of existing studies of the relationship between electronic patient records and quality management systems at hospitals in OECD countries. The question guiding the review is: What

factors are conducive to make electronic patient records support quality management at hospitals in OECD countries?

Fig. 1 shows three distinct research foci regarding EHR and its link to QM. As we shall see below, the existing research tend to focus either on the factors influencing the implementation of EHR (arrow 1). These studies are
usually short-term studies focusing on the period immediately prior to and after adoption of an EHR. They rarely follow the everyday use of the EHR. Another line of studies examine the effects on EHR on quality —= usually clinical
effects or more rarely cost-effectiveness (arrow 2). Yet these studies say little about how —- by what conditions or mechanisms — the EHR may contribute to the ongoing management of quality at the hospital. In other words, very few
studies examine the intermediate factors that favour (or impede) the utility of EHR for QM purposes (arrow 3), which is the focus of this review study. By intermediate factors, I refer to the organiszational and political context of the

EHR, its technical contents, and the work processes involved in the EHR'’s everyday use.

2) Effects of EHR

W) EHR mm) Quality Management
1) Adoption/
Implementation ' 3) Intermediate factors making EHR supportive of QM

Fig. 1 Research focus.

alt-text: Fig. 1

The focus on hospitals, rather than the health care system in general, is mainly due to practical considerations. Assuming that the functioning of EHR and QM systems are context specific, it seems prudent to pay attention to
one type of intervention site, i.e. the hospital. Now, many EHR systems and QM systems are also designed to pay attention to patient treatment between hospitals, GPs, municipalities and other health care providers. Such studies will
also be included in this study to the extent that they explicitly include hospitals. The term EHR (system) is used broadly to include any electronic record system containing individual patient data with a view to improve health care.
Such a broad conception has the obvious drawback of including a number of quite diverse EHRs. Some systems include clinical decision-making guidelines, some do not; some include physician order entries, others do not; and some
include modules enable patient participation in the care process, some do not. A fine grained typology of EHR systems could be useful to provide more in-depth understanding of the causal implications for QM. However, not only is
there no generally accepted typology of EHRs, existing studies of EHRs are not always that clear about their specific design and organiszational functioning. Thus, it is difficult to make a systematic review of EHRs and their link to QM.
The present narrative review deals with this problem by accounting for and discussing the possible implications both of the type or functionality of the EHR systems found in the reviewed studies and of the particular method used in

the reviewed study. This account is made both in the results section, where the intermediary factors are identified, and, in particular, in the discussion of the two intermediary factors that have not been mentioned by previous reviews.

The term QM is used very broadly and in different ways in the literature. This paper focuses on three dimensions: clinical outcomes, the managerial monitoring of clinical activities and the cost-efhe managerial monitoring of
clinical activities and the cost-effectiveness of clinical activities. These three criteria are chosen because they, in various forms, are widely shared concerns of both medical and management personnel at hospitals engaged in making
sure that electronic patient records contribute to improve the quality of the services at their local hospital. Of course, the medical staff is more likely to emphasize the ability of electronic patient records to improve clinical outcomes,
whereas as hospital managers tend to be more concerned with the ability to make EHR systems useful for monitoring and ensuring the cost-effectiveness of the medical activities at “their” hospital. Again, the three criteria are fairly
general and may be specified rather differently. However, rather than coming up with very precise objective definitions, I rely on the subjective assessment of the journal article authors of the extent to which the electronic patient
records systems meet these criteria. The disadvantage of such subjective assessments is of course that the authors may have quite diverse criteria for gauging success. Nevertheless, I decided to accept this as the use of very clear-cut

and joint definitions would eliminate most existing studies from the review.

1.1 Existing review studies

10 existing reviews of EHR seem relevant for the present article. Three of these focus on the implementation process (arrow 1 in Fig. 1 above). If at all, they deal only indirectly with the relationship between EHR and QM. The
seven other assess the effects, if any, that EHR have on quality/quality management (arrow 2 in Fig. 1 above). The 10 review studies are symptomatic of the compartmentalized focus of the reviewed studies. Most studies focus examine
how EHR may be implemented or whether EHR'’s actually improve quality and quality management. Very few try to do both or to examine how the EHR may be linked to the everyday work of QM, i.e. after the initial implementation of

the EHR system. The key contribution of this paper is to try to identify and review studies to better understand how — by what intermediate factors — EHR may be supportive of the everyday work of QM taking place in hospitals.

Three review studies focus on the implementation process. Firstly, a review of research on EHR implementation at hospitals found that 19 types of actions or conditions may be conducive to the implementation process [15].
These actions were divided into three groups: the context (hospital type, vendor selection, staff experience with ICT, organizational culture, hospital bureaucracy, and care activities); the content (fitting technology with work processes,

hardware availability and system reliability, user friendly software, patient privacy safeguards, and vendor adaption); and the implementation process (active involvement of both management and clinicians, training of end-users,



comprehensive implementation strategy, resistance of clinical staff, finding champions, and adequate time and resources). These conducive conditions/actions resonate well with 10 general recommendations for how to contribute to
effective EHR implementation issued by three leading scholars in the field [16]. These are: clarify what problem(s) the technology is designed to help tackle, build consensus, consider your options, choose systems that meet clinical
needs and are affordable, plan appropriately, don’t forget the infrastructure, train staff, continuously evaluate progress, maintain the system, and stay the course. Secondly, a review of the studies of users’ attitudes to the barriers and
facilitators of EHR system implementation concluded that the most frequent facilitating factors common to all user groups were design and technical concerns, ease of use, interoperability, privacy and security, costs, productivity,
familiarity with and ability of the EHR, motivation to use EHR, patient and health professional interaction, and lack of time and workload [17]. Thirdly and finally, the findings of a review of studies of the implementation of EHR in
health care organizations in general — not just hospitals — are interesting but also rather disheartening [18]. It concludes that the implementation of EHR ‘requires a well-articulated vision and strategy, strong leadership, adequate
resources, good project management, an enabling organizational culture, effective communication, and attention to human resource issues. Even when these preconditions were present, success was not guaranteed’ (ibid. p. 751).
Moreover, while EHR often hold functions that seek to reduce clinical errors, they may also generate a number of undesirable effects, such as cognitive overload, errors in data entry and retrieval, excessive trust in electronically held
data, and the tendency to conflate data entry with communication (ibid. 759). These risks may obviously impede the successful integration of the EHR with useful QM. The study is a sober reminder that even under the most conducive

circumstances, the implementation of EHR in hospitals is fraught with difficulties and may fail to ensure better QM and even be the source of new quality problems.

Seven reviews assess the potentially beneficial effects of EHR (arrow 2 in Fig. 1 above). The first of these is concerned with the impact of health information technology, notably EHR, on a range of quality dimensions [19]. The
vast majority of the reviewed studies show that EHR improve quality by increasing adherence to guidelines, enhancing disease surveillance, and decreasing medication errors. The major efficiency benefit has been decreased utilization
of care. Yet, it also found that cost data are limited and inconclusive, and that little evidence is available on interoperability. A second review found 70 studies indicating that structured electronic medical records often result in quicker
data entry, improved data quality, and records that are useful in daily clinical work [20]. However, the structuration of records should be balanced with the clinical need for allowing to input context-dependent clinical data. A third
study of the effects of EHR on nursing practice and patient outcomes found uncertain or equivocal results [21]. This review exposed several incidents of staff resistance to change their practices as they found that EHR are not
supportive of their work [21]. The four remaining reviews of the potential benefits of EHR focus more narrowly on their impact on cost-effectiveness. They all show that there is a dearth of high quality studies of the cost-effectiveness
studies. A recent review only found three relevant studies, all suggesting that EHR had potentials to improve cost-effectiveness [22]. Two other reviews found 26 studies, the majority of which report positive economic effects of EHR
resulting from cutting the labour around paper-based patient records and the time spent on prescription and reporting [23,24]. The fourth review cautiously conclude that ‘there is some evidence of value for money in selected

healthcare organizations’ created by some EHR systems [25]. None of these studies explain how EHR may be designed and implemented to maximize the cost-effectiveness of clinical activities.

The 10 review studies examined above provide a rather bleak message: while a number of factors are conducive to the implementation of EHR systems, the implementation process is fraught with pitfalls. Moreover, the number
of studies focusing on the impact of EHR on quality management are quite limited and their results rather mixed. Accordingly, we should be wary of any success formula for adopting EHR for QM purposes. Nevertheless, it seems worth

looking for the intermediate factors that may contribute to increasing the likelihood of success. In the following, I account for the method of the present review study, present the results, discuss these, and draw some conclusions.

2 Method

This paper will further develop the insights of the review by [15] by using the same three categories of factors influencing implementation. Moreover, some of the studies examined in the present paper are partly overlapping
with the said review. The main difference is that the present study deals not only with the initial implementation process, but with the ongoing attempt — during and after implementation — to ensure that EHR link up with specific QM

purposes.

The review conducted may be characterized as a narrative literature review or, more specifically, as a narrative overview [26,27]. It is narrative in the sense that it includes studies using a variety of quantitative and qualitative
methods. By implication, the narrative review entails more qualitative assessments of the results produced by its review in the sense of being sensitive to the many contextual forces that may impinge on the results. The narrative
literature review has been chosen because the area of EHR implementation is notoriously difficult to subject to review systematically due to very different research traditions and methodologies [18]. In particular, the tradition
dominated by medical research focuses more or less exclusively on the clinical efficacy of EHR based on RCT style methods. Other more social science oriented traditions focus on a wide range of psychological, organiszational and

social forces shaping implementation, and allow for a wider range of methods studying such forces. The present narrative review is focusing on and therefore includes the latter approaches.

Yet, a narrative literature review certain does not mean that anything goes. It must operate with an explicit and rigorous approach. In the present review, the following approach has been followed: studies with a conceptual or
theoretical ambition only have been excluded from this review. By the same token, only studies subjected to peer review are included, i.e. commentaries and editorial articles have been excluded. Moreover, studies dealing exclusively
with the clinical outcomes of EHR are excluded. This is because the concern of this article is the factors that are conducive to make EHR supportive of QM in general. If the EHR is to succeed and survive at a hospital it should not only
contribute to help curing patients. The data retrieved via the EHR should also be able to demonstrate that it does so by enabling systematic managerial monitoring of clinical outcomes. Moreover, to ensure the long-term survival of

EHR, they should contribute positively to the cost-effectiveness of clinical services. Hence, the three QM dimensions dealt with in this article.



Database search for relevant academic journal articles was conducted between December 2015 and February 2016. Analysis of data was conducted from March to August 2016. The search for journal articles included Web of
Science, Cochrane, ProQuest, Scopus and EBSCO. The Nordic countries are generally regarded as being relatively far ahead in implementing electronic patient record systems [28]. Hence, it seemed worth making an additional search
for academic articles published in one of the Nordic languages only. The following Nordic research bibliographic databases were searched: The Danish National Research Database, the Norwegian Oria database found in Bibsys.no, and

the two Swedish research databases Libris and Swepub. In order to reduce the risk of drawing on experiences from EHR systems based on obsolete technologies, only articles published from 2000 onwards were included.
A string was used to search for words occurring either in abstract or title or both. The search string was:

(“Electronic patient record*" OR EPR OR ‘electronic health record*' OR EHR OR “electronic medical record*" OR EMR OR “patient* portal*" OR “personal health record*' OR ‘PHR” OR “medical record system*" OR
“technolog* based health care deliver*" OR “health care infrastruct*"') AND (“performance management” OR “quality management’ OR “quality assurance’). The Danish, Norwegian and Swedish words corresponding to the English

terms listed above were used. The total number of articles found was 315.

The abstracts of the 315 articles were then read in order to examine their relevance for my research question. As already mentioned, articles with a conceptual or theoretical ambition only were excluded, as were non-peer
reviewed articles. Finally, in accordance with the present focus on hospitals, all papers dealing with general practice/primary health sector only were excluded. This left 35 articles. The reference lists of these were perused to check for
further relevant studies. Thereby, the total number of relevant studies came 39. As the overview in Table 3 below shows, the methods applied in these studies vary substantially: eight are either partially or wholly based on expert
interviews, 15 are single case studies, 12 are multiple/comparative cases, six are surveys, and only one is a randomized controlled experiment. Moreover, only eight studies are longitudinal. The scarcity of longitudinal studies is
significant as they are the only ones that allow us to examine whether or not an EHR that seems to be implemented successfully (in the short term) contributes to desirable outcomes (in the long term). Rather than ranking these

studies according to their position in the evidence hierarchy, their reliability and generalizing potential will be discussed when assessing the validity of the intermediary factors they identify.

The 39 studies were analysed along two dimensions. Firstly, the intermediary factors that the studies explicitly reported as influencing the integration of EHR with QM in general were identified. In line with an existing review
[15], these factors were placed into three wider groups, namely: context, content and process. Secondly, the specific QM aspects affected by the adoption of EHR were identified. In line with the definition above, the following three
specific QM aspects were analyzsed: improvement of clinical outcomes, the enabling of systematic managerial monitoring of clinical activities and improvement of the cost-effectiveness of clinical activities. Thus, for each study, I
examined what their assessments were of the three QM dimensions. Four codes were used: NEG if the study reported that the EHR contributed negatively to the aspect; POS if the study reported that the EHR had a positive impact on
the QM aspect; AMB if a study showed both positive and negative (i.e. ambiguous) results; and NIL if the study did not report on the aspect, see Table 1 below. This admittedly crude assessment of the reviewed studies was applied
because I rely on the subjective and therefore variable criteria of the authors of the reviewed studies. As mentioned above, the decision not to apply clear-cut, standardized definitions of positive/negative ‘clinical outcome’, ‘managerial

monitoring’, and ‘cost-effectiveness’ is a pragmatic one as only very few of the 39 identified studies would survive such definitional streamlining.

Table 1 Quality management counts.

alt-text: Table 1

Clinical outcomes Monitoring Cost-effectiveness
Negative (NEG) 12 7 2
Positive (POS) 14 27 2
Ambiguous (AMB) 3 2 1
Not studied (NIL) 10 3 31

Finally, I tried to tease out the link between the intermediary factors and the three QM dimensions, see Table 2 below. This was a difficult process as many of the 39 studies do not explicitly account for what QM dimension the
EHR is contributing to. By implication, a simple binary coding was used: the value 1 in cases where the studies explicitly mention the EHR as contributing positively to the specific QM dimension; the value 0 where the study does deal

with the link between the EHR and the QM dimension. It should be stressed that the latter does not mean that the factor is not important, only that it is has not been examined by the study.

Table 2 The importance of factors for making EHR supportive of QM dimensions.

alt-text: Table 2



Political goals and strategies
Organizational settings

Data quality

User interface

Guidelines for clinical conduct
Address multiple purposes
Allocation of adequate resources
Participation of medical staff
Management engagement

Adaptation of work processes

3 Results

Clinical outcome

NN

Managerial monitoring Cost-effectiveness

The review resulted in 39 relevant studies, see Table 3 below for an overview. These studies explicitly point to 10 distinct factors as important for making EHR support QM. Two of these factors related to the hospital context

(political goals and strategies, and organizational settings); four to the content of the EHR (data quality, user interface, guidelines for clinical conduct, multiple purposes); and four to the process during and after EHR implementation

(adequate resources for implementation, participation of medical staff, management engagement, and adaptation of work processes).

Table 3 Overview of studies reviewed.

alt-text: Table 3

Study & country EHR type/functions

Bar-Lev 2015 [42]

Not described
Israel

Barr et al 2008 [48]

USA Generic

Benson 2002 [2]

UK Generic

Campbell et al 2006

Objective

Examine how the use of
EHR mediates knowing

Provide benchmarking of
operational and financial
information, and national
indices of oncology

Explain variations in use
of EHR between hospital
and GP physicians

Identify types of clinical
unintended adverse

Method

Longitudinal single case.

Expert experience

Expert experience.
Multiple case

Data size

1 hospital. 2 years
duration

35 oncology
practices

3 hospital sites

Number of experts

Key findings

Management’s attempt to over-document clinicians’ know-how and decision-
making processes may have pushed physicians to engage in defensive
medicine. Nurses’ excessive documentation weakened their influence on
clinical decision-making.

14 benchmarks and 3 sets of indices were developed

For more than 30 years, the GP profession has worked with government to
provide incentives for computerizing practices and to remove barriers. In
hospitals computing was treated as a management overhead, and doctors had
no incentives to become involved.

Nine categories of unintended, adverse consequences were found. Identifying

QM

Clinical:
NEG
Monitor:
POS
Cost:
NIL

Clinical:
POS
Monitor:
POS
Cost:
NIL

Clinical:
NEG
Monitor:
POS
Cost:
NIL

Clinical:
NEG
Monitor:



[11]
USA

Cresswell et al 2012
[51]
England

Cucciniello et al
2015 [59]
Scotland

Darr et al 2003 [56]
Israel

Gall et al 2008 [50]
Austria

Gunter and Terry
2005 [29]
Australia and USA

Himmelstein et al
2010 [9]
USA

Hoerbst &
Ammenwerth 2009
[43]

International

Hoerbst el al 2009

Computerized order
entry (CPOE)

Not described

Not described

Standard,
centralised EHR
system for the entire
hospital

Generic, but
exemplified: CEN,
HL7, openEHR

2 systems:

Push EHR:
HealthConnect;

Pull EHR:
Consolidated Health
Informatics

Generic

Generic

consequences of (CPOE)
implementation

Understand how
England's EHR software
was integrated within the
work practices of users in
secondary and specialist
care

Obtain insights for
managers planning EHR
projects in the future

Understand the
managerial implications
of the perceptions
hospital physicians and
nurses hold toward EHR

Understand the
requirements that a
system for cross-patient
and hospital analysis
should meet in a
distributed healthcare
system

Identify reasons driving
the development of
EHR + challenges that
health care providers in
EHR implementation

Asses computerization's
cost and quality impacts
at hospitals

Introduce a new model-
based approach to
structure and describe
quality requirements of
EHR

Identify the requirements

Expert panel +
Multiple case study

Qualitative longitudinal
single case study.

Single case using
documents, interviews,
observations

Single case study using
depth-interviews

Single case study

Comparative case study
using documents

Survey of 4000

hospitals + administrative
cost data + cost and
quality data

Literature analysis and
expert interviews

not given.
5 hospitals studied

Interview of 66
health staff from
February 2009 to
November 2010

1 hospital with 25
medical wards

18 hospital
physicians and
eight nurses at 1
hospital

1 hospital

2 countries

4000 hospitals

63
publications + 26
experts

and understanding the types and in some instances the causes of unintended
adverse consequences will enable system developers and implementers to
better manage implementation and maintenance of future CPOE projects

The nationally led “top-down” implementation and the associated focus on
interoperability limited the opportunity to customize software to local needs.
Lack of system usability led users to employ a range of workarounds
unanticipated by management to compensate for the perceived shortcomings
of the system

Lacking integration of IT systems, including EHR. Implications: Future
planning should: consider the expressed needs and involvement of different
actors; promote commitment to the system and adopt a participative
approach; define and resource new roles within the organization capable of
sustaining the change and (iv) assess system impacts in order to mobilize the
network around a common goal

Senior physicians tended to emphasize managerial outcomes and to view
these as positively. Junior doctors emphasized mostly negative occupational
effects of the EMR on their work. Nurses identified different domains and saw
benefits for quality and administration of patient care.

Archetypes can be utilized in data analysis for visualization, semantic linkage
and finally for standardized data transfer.

The Australian EHR is essentially a pull system, whereas the US ones are push
systems. In both countries, federal policies and strategies importantly shape
the decision by hospitals to adopt EHR.

As currently implemented, hospital computing might modestly improve
process measures of quality but does not reduce administrative or overall
costs

EHR systems should be customized to meet local needs. The new model
differs from existing approaches as it accounts for modern software
architectures and the special attributes of EHR.

NIL.
Cost:
NIL

Clinical:
NEG
Monitor:
NEG
Cost:
NIL

Clinical:
NEG
Monitor:
NEG
Cost:
NIL

Clinical:
NEG
Monitor:
POS
Cost:
NIL

Clinical:
POS
Monitor:
POS
Cost:
NIL

Clinical:
NIL.
Monitor:
NIL.
Cost:
NIL

Clinical:
POS
Monitor:
POS
Cost:
NEG

Clinical:
NIL
Monitor:
POS
Cost:
NIL

Clinical:
AMB



[40]
International

Hyun et al 2006 [37]
USA

Hgjen & Ggeg 2012
[36]

Denmark and
Sweden

Hgjen et al 2013
[35]

EHEEK
COUNTR¥Denmark
and Sweden

Héland 2012 [58]
Norway

Johansen et al 2015
[41]
Norway

Landman et al 2012
[45]
USA and Canada

Liaw et al 2012 [33]
Australia

Generic

Eclipsys Clinical
Information System
(CIS) and

the Columbia
Medical Entities
Dictionary (MED)

Not described

Generic
3—Feb—1+7

Not described

Not described

Not described

EDIS, a module of an
EHR including
modules for:
scheduling, clinical
info., results
reporting, orders,
discharge referrals,
operating theatres

regarding quality
certification of EHR
systems

Evaluate the sufficiency
of the Health Level 7
Identifiers, Names, and
Codes document ontology
for representing nursing
document names

Provide a clear
methodology for
SNOMED CT mapping to
enhance applicability of
SNOMED CT

Explore ways of
supporting consistent use
of SNOMED CT in EHR-
system implementation
processes

Examine how the
introduction of the EPR
affects the work practices
and boundaries between
various professional
groups in the healthcare
system

Investigate quality-
assurance work by
medical transcriptionists
in the production of
medical records + the
implications for EHR
design

Characterize motivations
for adoption of EHR
methods and the
challenges they imply

Examine the accuracy of
the diagnoses of chronic
diseases in a module of
the NSW EHR system),
and the consistency of the
reports generated by the
EHR

Expert interviews

Single case study of EHR
through document studies

Comparative study of
templates from Danish
and Swedish EHR

Single case testing of
open source prototype

Single case study based
on interviews

Single case study — based
on focus groups
interviews and survey

Multiple case study using
semi-structured in-depth
interviews

Comparative database
study

29 experts from 5
European countries

94 nursing
document types

14 EHR templates
from 5 Danish and
Swedish EHR
systems

1 open source
prototype

1 hospital + 18
interviews

4 focus group
interviews + Survey
with 60 respondents

23 interviewees
from 20 EMS
agencies

1 database with
33115 attendees

There is a need for certification of EHR systems to ensure data quality

79.8% nursing document names were completely represented and 20.2% were
partially represented. In order for the document ontology to be of more use in
implementing EHR that support nursing documentation, Subject Matter
Domain and Type of Service axes require extension and clarification

The overall mapping rule is to represent related information homogenously by
selecting concepts from the same sub-hierarchy. The guidelines provide a
framework for achieving a consistent mapping procedure and thereby a well-
de- fined foundation for data retrieval.

The open source prototype contains terminological features that are of
relevance when exploring and comparing sets of concepts in SNOMED CT.

EPR has become part of the professionals' boundary work; expressing shifting
constructions of professional identities.

Many essential quality-assurance tasks conducted by medical transcriptionists
and the extent of this work. We suggest that these correction and quality-
assurance tasks need to be compensated for when designing and developing
new structured EPR

EMS agencies are highly motivated to adopt e-PCR systems to support quality
assurance efforts; however,
adoption and implementation of e-PCR systems has been challenging for many

Variations in information quality and consistency of the EDIS/EHR raise
concerns about the ‘fitness for purpose' of the information for care and
planning, information sharing, research and quality assurance

Monitor:
AMB
Cost:
AMB

Clinical:
POS
Monitor:
POS
Cost:
NIL

Clinical:
NIL.
Monitor:
POS
Cost:
NIL

Clinical:
NIL.
Monitor:
POS
Cost:
NIL

Clinical:
NIL.
Monitor:
NIL.
Cost:
NIL

Clinical:
NEG
Monitor:
POS
Cost:
NIL

Clinical:
NIL.
Monitor:
POS
Cost:
NIL

Clinical:
NEG
Monitor:
NEG
Cost:
NIL



Lorence et al 2002
[32]
USA

Mikkelsen and Aasly
2005 [34]
Norway

Mykkanen et al
2007 [61]
Finland

Nowin-ski et al 2007
[63]
USA

Ovretveith et al
2007 [52]
Sweden

Patel et al 2012 [31]
USA

Poon et al 2003 [53]
USA

Proudlove and

Generic/clinical
support systems

Not described

Generic

EPIC system.
Modules:
longitudinal health
data, results, orders,
decision support,
communication,
patient support,
admin. processes,
reporting

Not described

Not described

Computerized
physician order entry
(CPOE) — only

Examine and compare
adoption rates of EPR
data reliability within
clinical support systems,
and associated regional
variation

Assess the quality of
information in EHR and
the consequences of sub-
optimal data quality on
automated information
retrieval

Summarize a national
study of eHealth
standardization and make
recommendations for the
use of standards

Examine changes in
organizational culture,
quality improvement
maturity, and quality of
care following adoption of
an EHR system

Describe the
implementation of an
EHR system in a hospital,
the perceived impact, the
factors affecting EHR
implementation and
success

Assess the effectiveness
of an EHR system in
contributing to planning
care for discharge of
pediatric inpatients with
asthma diagnosis

Identify the barriers to
CPOE implementation
and the strategies for
overcoming them

Consider how information
systems can be used to
improve patient flow in
acute hospitals, and the

National survey

Single case study of EHR
records

Expert survey and
literature study

Longitudinal multiple
case study + survey data.

Single case study

Cohort study
Duration: 39 months

Multiple case study based
on interviews with
management officials

Expert experience at the

8300 health
informa-tion respon-
dents

909 documents
from 1 EHR system

Survey with 23
experts

5 work sites and
451 respondents.
12 months follow-up

Interviews with 30
senior clinicians,
managers, project
members, doctors
and nurses

No. of asthma
patients:
Pre-EMR:

262.

With EMR: 171.

57 interviews at 25
hospitals

More than 25 years

Low overall adoption of automated edits and significant variation across
geographic regions and key organizational variables

Data attributes central for automated document retrieval in electronic patient
records showed variable accuracy, with potentially negative consequences for
basic record navigation. Text-based retrieval was inferior to methods based on
data representing record structure. Quality of specific information elements

suffered from lack of precise definitions and adequate mechanisms for quality

assurance.

A large number of recommendations were made. Some of the most important

are:

Shared national goals, policies and procedures for IT-related standardization
must be specified. The primary preference must be given to cross-domain and
generic standards. Healthcare-specific standards should be used only where

they are essential

Employees perceived the organizational culture as becoming more, rather
than less, hierarchical. Moreover, quality indicators did not show improvement

after year 1.

Successful implementation, though inadequate time and resources slowed

implementation.

Implications: Implementation should be driven by top and departmental
leaders assisted by competent project teams involving information technology
specialists and users. Corrections for unforeseen eventualities will be needed,
requiring regular reviews of progress and modifications to systems and
timetables to respond to user needs.

Compliance with the plan of care discharge increased substantially after the
introduction of EHR (from 65.3% for the 39 months before integration of the
HMPC into EMR to 93.7% for the 18 months after integration)

Costs and physician resistance as the two most significant barriers. Hospitals
often overcome high implementation costs by placing patient safety at the top
of their agenda. Other hospitals manage physician resistance by leveraging
strong leadership, external influence, vendor commitment and the presence of

house staff and hospitalists

The National Programme for Information Technology specifies many features
designed to support improving patient flows, though timescales for
implementation are longer than those for the pledged flow improvements, and
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NIL
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NEG
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NIL

Clinical:
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Monitor:
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Cost:
NIL

Clinical:
NEG
Monitor:
NEG
Cost:
NIL

Clinical:
POS
Monitor:
POS
Cost:
NIL

Clinical:
POS
Monitor:
POS
Cost:
POS

Clinical:
NIL
Monitor:
POS
Cost:
NEG

Clinical:
NIL
Monitor:



Boaden 2005 [54]
England

Purcell 2014 [38]
USA

Rea and Rea 2002
[60]
Wales

Rivard et al 2011
[57]
Canada

Sheikh et al 2011
[30]
England

Smith et al 2013
[46]
USA

Taghavi et al 2013
[39]

Australia and New
Zealand

Takeda et al 2003

Generic

Generic

Not described

EHR, CPOEs,
admission, transfer,
discharge,
scheduling, test
prescription, care
plans, clinical notes,
pharmacy services,
decision support

Not described

Outpatient alert
module and decision
support

Clinical patient
information and
prescription orders

potential role of the
National Programme for
Information Technology

Examine the relationship
between quality
management standards
(ISO 9000) and EHR
interoperability

Change and improve
service performance

Propose an organizational
culture-based explanation
of the difficulty of clinical
information system (CIS)
implementation and of
the practices that may
reduce this difficulty

Evaluate the
implementation and
adoption of the NHS
detailed care records
service in “early adopter”
hospitals

Develop a decision-
support software
prototype enabling
individual and system-
wide tracking of
abnormal test result
alerts lacking follow-up

Audit the quality of
patient notes and
radiotherapy
prescriptions

Assess the potential
contribution of an on-line

National Health Service
and literature study

Survey: nonexperimental
quantitative design

Longitudinal
questionnaire survey

Multiple case studies

Longitudinal qualitative
evaluation based on
multiple case studies with
interviews, observations
and documents.

Single case using
formative evaluation of fit
within the socio-technical
system. Usability testing
and interviews

Longitudinal single case
study of uro-oncology
tumor

professional
experience

Survey of 399
health care
professionals

4 surveys with a
total of 409
respondents
between 1998 and
2001

3 cases, 43
interviews

12 NHS sites
studied over 2.5
years.

431 interviews,
590 hotrs of
observations, and
809 documents

Participants: 23
physicians, 9
clinical ICT
specialists, 8
quality/safety
managers

2597 patients were
audited. Data
collected from 1999
to 2009

operational use of this type of information system has been problematic in the
National Health Service because of resistance from ward staff and other
factors.

Significant positive correlation between quality management and EHR
interoperability

Change requires leadership to be dispersed across organizational boundaries.
Accountability and responsibility must be horizontal and even downwards, not
just upwards to government. Managing performance can ultimately enable
services users to initiate and direct some of the improvements they want to
see and to take part in the processes of change. The information systems must
be locally useful for all involved, and must offer information about
performance in time to affect improvement and change.

All three cases showed resistance against EHR implementation from clinical
staff. In two cases physicians resisted, while nurses supported the EHR. In the
third case, the situation was the opposite.

However, active management practices seeking to modify the EHR system and
incorporate the concerns of the clinical served to alleviate resistance.

Implementation proceeded more slowly, with a narrower scope and
substantially less clinical functionality than planned. Delays related to
unrealistic expectations about the capabilities of systems; the time needed to
customize the software; the work needed to ensure that systems were
supporting provision of care; and the needs of end users for training and
support. Other factors hampering progress included the changing milieu of
NHS policy and priorities; repeatedly renegotiated national contracts;
different stages of diverse NHS care records service systems; and a complex
communication between stakeholders.

The software prototype fit within the technical environment and clinical
workflow, and physicians were able to use it successfully. Quality/safety
managers reported that the tool would be useful in future quality assurance
activities to detect patients who lack documented follow-up. Additionally, we
successfully installed the software on the local facility's “test” EHR system,
thus demonstrating technical compatibility.

Real-time audit with feedback is an effective tool in assessing the standards of
radiotherapy documentation, and also probably contributed to the high level
of attentiveness. A large proportion of omissions were investigation results,
which highlights the need for an improved system of retrieval of investigation
results in the radiation oncology department.

The on-line reporting system has been effective to avoid adverse medical
events. The quantitative methodology with the EPR is still in the phase of
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[44] Examination reports, incident reporting system Single case study 1 hospital developing. Direct data entry by medical staff and an EPR based on dynamic Monitor:

Japan clinical data, orders. and of an EHR system to templates and a dynamic problem oriented approach could be useful for POS
quality management in building clinical data repositories that can support clinical quality Cost:
hospitals management NIL

Clinical:

Compare quality

measures calculated from . Sl o 125, Only 75% of diabetics determined by manually reviewing the EHR (the gold POS_
Tang et al 2007 [49] " . 5 Randomized controlled charts of Medicare 3 o o ; : A are 3 Monitor:
Generic administrative data to X X X standard) were identified. In contrast, 97% of diabetics were identified using
USA . trial patients with . L. POS
those derived from . coded information in the EHR.
. . diabetes Cost:
clinical data in an EHR
NIL
Investigate whether Clinical:
computerized systems Multinle case study usin Resistance took the form of ‘resistive compliance'. Resistance can best be NIL.
Timmons 2003 [55] . designed to produce . P y g 28 interviews at 3 understood in terms of the culture of nursing. This implies that the design and Monitor:
Not described . semi-structured . . . . .
England plans for the nursing care . . . hospitals implementation of computerized systems in health care should take these POS
. . interviews with nurses .
of inpatients, were factors into account. Cost:
resisted by the nurses NIL
. . . . Clinical:
The modified Delphi procedure, proved to be a feasible method for selecting
. Develop and asses a . POS
Van Steenkiste et al . Delphi-procedure — The expert panel the .
. method for selecting the . . . . . Monitor:
2002 [62] Generic content of an electronic anonymous comments by  was made up by 17  optimal content of an electronic registration protocol. Both, written and verbal POS
Netherlands . ! expert panel clinicians commentary rounds were necessary. The existence of a set of guidelines was
patient record for asthma - Cost:
essential
NIL
Study the balance Clinical:
Vermeulena et al CPOE combined with Es;:\;e:fn égggf?;tsssand Longitudinal comparative 2 hospitals. 1195 CPOE with basic CDSS contributes to a decreased risk of preventable harm. Ilf/lcc);itor
2014 [47] clinical decision gituw b patients studied Overall, the extra costs of CPOE/CDSS needed to prevent one ME or one ’
compared to the case study. POS
Netherlands support L. from 2005 to 2008. pADE seem to be acceptable.
traditional paper-based Cost:
medication ordering POS
Clinical:
Understand the 1 universit Full implementation of CPOE was halted due to unforeseen developments, NEG
Aarts et al 2004 [64] implementation of a . X y such as the DRG system introduction, and user dissatisfaction with the Monitor:
CPOE . . Single case study hospital, 15 . o . . -
Netherlands computerized physician interviews interface. While implementation processes are unpredictable fit with everyday NEG
order entry system work processes of the clinical staff is essential Cost:
NIL

Before moving on to the 10 intermediary factors, it should be noted that only 12 of the 39 studies specified the type or functionality of the EHR under examination, see Table 3. Moreover, the account for the type of these 12
EHR systems is in most cases quite rudimentary, though it is possible to detect that nine of these contained an ordering module and four contained clinical decision support functions. By implication, it is very difficult to assess if and

how the particular type of the EHR impinge on the potential for improving QM.

3.1 Contextual factors

Two broad contextual factors seemed to be influential for making EHR support QM, namely political goals and strategies, and organizational settings.

3.1.1 Political goals and strategies

The decision by a hospital to adopt EHR and align it with its QM system is often driven by the goals of health policymakers. A comparative case study of EHR systems in the US and Australia shows that apart from health authorities, a number of
other bodies, such as private quality standard agencies, private health providers and insurers, provide considerable impetus in certain political systems [29]. Even when the adoption of an EHR system is driven more or less exclusively by a single health
authority, the design, implementation and functionality of EHR at hospitals implementation may be affected by a host of political strategies and local political interests. A longitudinal multiple case study of the adoption national EHR in England showed that

the adoption experienced substantial uncertainties and delays due to changes in NHS policies and targets and in the National Programme as a whole [30]. On the one hand, then, political goals and strategies may be fundamental for the impetus to develop



and implement EHR and enable managerial monitoring. On the other hand, these goals and strategies, if too detailed and contradictory, may impede implementation.

3.1.2 Organizational settings

Care for individual patients often involves a number of health care institutions. Individual patients are often transferred between hospitals, general practitioners and municipalities offering rehabilitation services. Accordingly, according to a US
cohort study of asthma treatment, EHR should cater to the various needs of these diverse health care institutions in order to improve the provision and health care quality management [31]. Complex organizational settings with many different health
providers also create ample opportunity for inconsistent data reporting styles even if the same EHR system is used. A survey of EHR data reliability showed substantial regional (intra-country) variation in adoption and data quality control [32]. Thus, in

order to enable systematic monitoring of clinical activities, hospitals using EHR systems should apply quality management systems or quality metrics to ensure the consistency of data.

3.2 Content factors

Four broad content factors seemed to be influential for making EHR support QM, namely data quality, user interface, integration of guidelines for clinical conduct, and addressing multiple purposes.

3.2.1 Data quality of the EHR system

Several studies of EHR database entry practices stress the importance of ensuring the consistency of clinical data entered into the EHR in order to ensure that it contributes to better quality management, notably better clinical outcomes [33-36].
The studies point out that while lower levels of consistency in data may not have any immediate (negative) effect on everyday clinical work and patient safety, insufficient consistency will negatively affect the utility of EHR for both quality management and
research purposes. Not surprisingly, hospital settings operating with several — rather than one — EHR systems frequently give rise to inconsistent registration and use of data [37]. A comprehensive US survey study indicates that the use of QM systems,

such as ISO 9000, may improve the interoperability of EHR data [38].

Like paper records, EHR systems may suffer from data inaccuracy or even erroneous data. A study of radiotherapy service suggests that real-time audit with feedback is an effective tool in assessing the standards of documentation [39]. More
generally, based on a comprehensive expert survey, it has been argued that EHR systems should be certified in order to ensure their quality [40], though the evidence for the utility of this proposal is not very clear. The transition from paper records to EHR
usually imply that medical transcription is abandoned in favour of physicians entering (writing) patient data themselves into the EHR. A single case study points out that the eradication of medical transcriptionists with the introduction of EHR may have a

negative effect on data quality [41].

3.2.2 User interface of the EHR system

The standardized entries of the EHR system often disallows relevant and more or less complex verbal diagnostic accounts of a patient’s condition [42]. Accordingly, it has been argued that EHR systems should be customizable in order to meet he
concrete needs for accounting for a patient’s symptoms in a clinically relevant fashion [43]. In line with one of the reviews mentioned above [20], it was found that an EHR based on dynamic templates and a dynamic problem oriented approach is useful for

building clinical data repositories that can support clinical quality management [44].

Finally, registration of data in the EHR system should not be too time consuming as this may take away time for other important tasks such as the daily joint rounds and attention to patients [42]. For example, US ambulance drivers complained
that the use of the new electronic system, which replaced paper records, is too time consuming and risk increasing ambulance run times [45]. Moreover, time constraints and heavy workloads implies that hospital clinicians at times overlook follow-up

actions [46]. Thus, user-friendly based tracking and reminding function must be integrated in the EHR in order to improve follow-ups.

3.2.3 EHR guidelines for clinical conduct

Some but far from all EHR systems contain guidelines for clinical conduct with a view to improve ensure best clinical practice or more cost-effective practices, or sometimes both. It is an analytical problem that out of the 39 studies reviewed here,
only nine specified that the EHR contain an ordering module and four contained clinical decision support functions. Of these, only one study examined the importance of EHR action guidelines for one of the QM dimensions, namely cost-effectiveness [47].

This longitudinal, comparative case study from the Netherlands found that EHR guidelines for clinical conduct on prescribing and ordering medicine improves cost-effectiveness.

3.2.4 Multiple purposes

EHR systems are often designed to meet multiple purposes, such as everyday clinical work, managerial responsibilities and research purposes. While clinical, managerial, research and other goals to be served by the EHR system are not
necessarily mutually excluding, they may not always support each other either. US oncology quality managers have argued that the data generated by EHR systems may lend themselves to the making of meaningful clinical and cost-effectiveness indicators
useful for benchmarking purposes [48]. This is supported by a randomized controlled study of US diabetes care, which concludes that the clinical data of EHR are superior to quality management purposes when compared to administrative data [49]. If an

EHR is to cater for multiple purposes, it is crucial that these purposes be specified well in advance of the design of the EHR [50].



3.3 Process factors

Four broad process factors seemed to be influential for making EHR support QM, namely allocation of adequate resources for implementation, participation of medical staff, management engagement, and adaptation of work

processes.

3.3.1 Adequate resources for implementation

Like any other large ICT system, it seems obvious to assume that the implementation of large EHR system requires substantial staff and other resources. Whether the transition is from paper-based to electronic records or from one EHR to another,

this implies extensive organizational transformations. Not surprisingly then several studies point to the importance of mobilizing adequate time and financial resources [51,52] and sufficient human resources [52,53].

3.3.2 Participation of medical staff

Incidents of lacking support of and even resistance against use of EHR systems by medical staff is not unusual in the hospital sector [54,55]. Medical staffs react very differently to the introduction of EHR. Two studies suggests that physicians
react quite differently from nurses [56,57]. A Norwegian case study shows that while physicians are often sceptical about the clinical value of highly standardized EHR, nurses, who have often never been allowed to fill in patient records before the advent

of EHR, may use the latter to adopt a new job function and increase their status and authority vis-a-vis physicians [58].

In order to boost clinician support of EHR, the medical staff should participate in the design of the EHR and its uses in quality management [59]. A longitudinal study from Wales and a survey among Finnish physicians both conclude that medical
staff should (also) contribute to the design of the standards guiding the structure and content of EHR in order to ensure the ownership and utility of the EHR [60,61]. A study of the design of an EHR system for asthma patient treatment showed that the use

of a Delphi-method combined with direct dialogue enabled clinicians and IT specialists to agree on data relevance [62].

3.3.3 Management engagement

In order to enhance participation of medical staff and contribute to implementation more generally, the active engagement of the management before, during and after implementation is important [52,53]. Such engagement may serve both to
address resistance from influential hospital physicians [57] and to stress the importance of the EHR for the hospital’s overall functioning. More specifically, implementation groups including representatives of all direct stakeholders in the implementation

process is conducive to the design of an EHR system meeting relevant clinical and managerial concerns [59].

3.3.4 Adaptation of work processes

The adoption of EHR will more often than not induce changes of existing work processes at the hospital [63,64]. Such changes may very well obstruct quality gains unless carefully orchestrated. A longitudinal multiple case study from the US show
that the introduction of a EHR system may contribute to making the organizational culture more hierarchical and make quality of care decline [63]. Accordingly, iterative trial-and-error of EHR system use after immediate implementation seems necessary
for making EHR useful to QM. Two in-depth case-based studies conclude that implementation of EHR should be based on gradual re-invention of both the EHR and the existing work processes to meet the diverse needs of the users — both medical staff and

patients [56,57].

3.4 EHR contribution to QM dimensions

The 39 studies suggest that EHR systems in various ways do contribute to QM. However, there are substantial variations of the contribution of EHR to the three QM dimensions analysed. Table 1 below shows the accumulated

counts of the contribution of EHR to the three QM dimensions. Only very few studies included all three dimensions.

Table 1 shows that most studies (29) include clinical outcomes. However, only around half of these report EHR to have a positive impact. Almost all studies (36) deal with the ability of EHR to enhance managerial monitoring of
clinical activities. The far majority found that EHR contribute positively to managerial monitoring in the sense that the EHR systems come with reporting functions allowing management to supervise clinical activities. However, only

very few studies specified how —- or the extent to which — EHR enhanced managerial monitoring. Finally, only five studies dealt with cost-effectiveness of which two found positive effects.

The 10 intermediary factors that seem to make EHR supportive of QM are not equally important. Some factors seem more important to one or more of the three QM dimensions than others. Table 2 below show whether the

studies attributed importance to a specific factor for a specific QM dimension.

Table 2 suggests that all the 10-factors are important for making EHR supportive of clinical outcomes and of managerial monitoring. The table also reflects the very low number of studies examining cost-effectiveness.

Accordingly, it is not possible to say much about whether or not the 10-factors contribute to cost-effectiveness. While it is beyond the scope of the present review to explore just how these 10-factors contribute to making EHR conducive



to the various QM dimensions, it is worth pointing out that many of the reviewed studies provide very useful insights on the causal mechanisms, cf. Table 3.

4 Discussion

The findings of the present review study generally resonate well with existing reviews of EHR implementation and EHR consequences for quality (management), though with some notable exceptions. The review also revealed

that any systematic assessment of the link between EHR and QM is very problematic because of highly diverse study methods and because of vague and in many cases even lacking specification of the EHR examined.

Eight of the 10 factors that this review found to be important for making EHR support QM were also identified by existing reviews of EHR implementation (organizational settings, data quality, user interface, multiple purposes,
allocation of resources, participation of medical staff, management engagement and adaptation of work processes). There is at least two (and in most case more) studies in support of the importance of these factors for making EHR

support QM. Accordingly, these will not be discussed further.

However, two factors, political goals and strategies, and integration of guidelines for clinical conduct were not mentioned in any of the review studies. The absence of these two factors from existing reviews seems rather odd as
both factors appear intuitively important. A case study comparing US and Australian EHR and an English longitudinal multiple case study both concluded that the political goals and strategies pursued by governments, health
authorities and other influential actors external to the hospital may be fundamental for the impetus to develop and implement EHR and enable managerial monitoring [29,30]. The latter study found that if too detailed and
contradictory, such goals and strategies may impede implementation. This factor was explicitly excluded from the search strategy in five out the seven existing review studies [15,19,23-25,65]. It may be that the two other review
studies have done the same, though this is not quite clear from their search strategy [17,18]. Yet, the importance of external political goals and strategies resonate well with the observation made in the review by [18], namely that the
presence of a number of conducive conditions internal in the hospital is no guarantee for successful EHR implementation. One reason for failing implementation under these otherwise beneficial circumstances could be that external
political goals and strategies related to the EHR adopted by hospitals are too detailed, contradictory or both. With regard to the integration of guidelines for clinical conduct, only one study suggested that the EHR should contain
guidelines informing the decisions and conduct of clinicians when prescribing and ordering medication in order to ensure cost-effectiveness [47]. Even if this study was a thorough longitudinal, multiple case study, this is obviously not
entirely convincing. Moreover, it remains unclear if and how the integration of clinical guidelines in EHR support the two other QM dimensions: clinical outcomes and managerial monitoring. Accordingly, there is a significant need for
more studies to shed light on the conditions and factors whereby guidelines for clinical conduct and the other factors may contribute to better QM. Given that only few of the existing studies care to specify the type of the EHR

examined, there is a particular need for studies accounting for the design and functionalities of the EHR examined.

The 39 studies suggest that EHR systems in various ways do contribute to QM. However, there are substantial variations of the contribution of EHR to the three QM dimensions analysed. Moreover, only very few studies
included all three dimensions. Most studies (27) included clinical outcomes. However, only a bit more than half of these reported EHR to have a positive impact. This ambiguous finding resonates well with existing review studies of
EHR implementation and consequences for quality. Almost all studies (36) reviewed here dealt with the ability of EHR to enhance managerial monitoring of clinical activities. The far majority found that EHR contributed positively to
managerial monitoring. However, only very few studies specified how — or the extent to which — EHR enhanced managerial monitoring. A similar lack is found in the existing review studies. Thus, there is clearly a need for studies of
the processes by which EHR affects cost-effectiveness. Finally, only five studies dealt with cost-effectiveness of which two found positive effects. This resonates relatively well with existing reviews, which found few rigorous studies of
the impact of EHR on cost-effectiveness. The studies that do exist provide either strong indications [23,24] or ‘some evidence’ [22,25] of EHR contributing to cost-effectiveness improvements. In line with the present study, these four

review studies all noted the scarcity of studies of the relationship between EHR and cost-effectiveness of clinical activities.

Finally, one may speculate in the existence of trade-offs between the three QM dimensions. For example, it seems fair to assume that increasing cost-effectiveness may come of the cost of declining clinical outcomes. Or, it may
be speculated that clinical outcomes may improve even if managerial monitoring declines. Yet, the present review does not lend credence to such speculations. The two studies reporting positive effects of cost-effectiveness also
reported positive clinical outcomes [31,47]. Moreover, all studies reporting positive clinical outcomes, also reported improved managerial monitoring capacity, see Table 3. In brief, EHR may — in fortunate cases — contribute to all

three QM dimensions.

5 Conclusion

This narrative literature review has tried to systematize existing insights on how — by what intermediary factors — EHR systems may be linked to the everyday QM work taking place at hospitals. The review revealed that any

systematic assessment of the link between EHR and QM is very problematic because of highly diverse study methods and because of vague and in many cases even lacking specification of the EHR examined.

Notwithstanding this qualification, this review found 10 factors to be important for this linking. Eight of these factors are also identified in existing reviews of EHR implementation and EHR consequences for hospital QM. Two

factors, political goals and strategies, and integration of guidelines for clinical conduct were not mentioned in previous review studies.



There is substantial evidence indicating that EHR systems in various ways do contribute to improve QM. Yet, we also find substantial variations of the contribution of EHR to the three QM dimensions analysed here: clinical
outcome, managerial monitoring and cost-effectiveness. Only very few studies included all three dimensions. Most of the reviewed studies (29) included clinical outcomes. However, only half of these reported EHR to have a positive
impact. Almost all the studies (36) dealt with the ability of EHR to enhance managerial monitoring of clinical activities. The far majority found that EHR contributed positively to managerial monitoring. Finally, only five studies dealt

with cost-effectiveness of which two found positive effects.

In sum, there is a strong need for further empirical research on the conditions, factors and processes by which EHR may support the everyday work of hospital QM in its various dimensions. Such studies should pay particular

attention to specifying the type(s) of EHR examined.

Summary points

What was already known before this study

« Eight conditions or factors are important for the successful implementation of EHR in hospitals

« There are no guarantees of successful implementation even if these conditions are met
What this study has added to our knowledge

« Apart from the above mentioned eight factors, this study found that political goals and strategies, and the integration of guidelines for clinical conduct seem important to make EHRs contribute to quality management in hospitals

« There seems to be no trade-off in the ability of EHR to contribute to the three dimensions of quality: clinical outcome, managerial monitoring and cost-effectiveness
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