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Abstract

Background: The digital transformation of health care is advancing rapidly. A well-accepted framework for health care
improvement is the Quadruple Aim: improved clinician experience, improved patient experience, improved population health,
and reduced health care costs. Hospitals are attempting to improve care by using digital technologies, but the effectiveness of
these technologies is often only measured against cost and quality indicators, and less is known about the clinician and patient
experience.

Objective: This study aimsto conduct a systematic review and qualitative evidence synthesis to assess the clinician and patient
experience of digital hospitals.

Methods: The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) and ENTREQ (Enhancing
the Transparency in Reporting the Synthesis of Qualitative Research) guidelines were followed. The PubMed, Embase, Scopus,
CINAHL, and PsycINFO databases were searched from January 2010 to June 2022. Studies that explored multidisciplinary
clinician or adult inpatient experiences of digital hospitals (with a full electronic medical record) were included. Study quality
was assessed using the Mixed Methods Appraisal Tool. Data synthesis was performed narratively for quantitative studies.
Qualitative evidence synthesis was performed via (1) automated machine learning text analytics using Leximancer (Leximancer
Pty Ltd) and (2) researcher-led inductive synthesis to generate themes.

Results: A total of 61 studies (n=39, 64% quantitative; n=15, 25% qualitative; and n=7, 11% mixed methods) were included.
Most studies (55/61, 90%) investigated clinician experiences, whereas few (10/61, 16%) investigated patient experiences. The
study populationsranged from 8 to 3610 clinicians, 11 to 34,425 patients, and 5 to 2836 hospitals. Quantitative outcomesindicated
that clinicians had a positive overall satisfaction (17/24, 71% of the studies) with digital hospitals, and most studies (11/19, 58%)
reported a positive sentiment toward usability. Data accessibility was reported positively, whereas adaptation, clinician-patient
interaction, and workload burnout were reported negatively. The effects of digital hospitals on patient safety and clinicians’ ability
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to deliver patient care were mixed. The qualitative evidence synthesis of clinician experience studies (18/61, 30%) generated 7
themes: inefficient digital documentation, inconsistent data quality, disruptionsto conventional health care rel ationships, acceptance,
safety versus risk, reliance on hybrid (digital and paper) workflows, and patient data privacy. There was weak evidence of a
positive association between digital hospitals and patient satisfaction scores.

Conclusions: Clinicians experience of digital hospitals appears positive according to high-level indicators (eg, overall satisfaction
and data accessibility), but the qualitative evidence synthesis reveal ed substantive tensions. There isinsufficient evidenceto draw
a definitive conclusion on the patient experience within digital hospitals, but indications appear positive or agnostic. Future
research must prioritize equitable investigation and definition of the digital clinician and patient experience to achieve the

Quadruple Aim of hedlth care.

(J Med Internet Res 2024;26:e47715) doi: 10.2196/47715
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Introduction

Background

Investment in digital health is advancing rapidly. In 2020, the
total global funding for digital health was the highest recorded
at US $26.5 hillion [1]. A globa appetite for digital health,
fueled recently by the COVID-19 pandemic and the associated
rapid adoption of point-of-care technological solutions [2],
including telehealth [3], has driven the digital disruption of
health care. A core pillar of digital health investment is the
digital transformation of hospitals[4].

The World Health Organization Globa Strategy on Digital
Health (2020-2025) recommends the implementation of a
national digital health architecture, including digital hospitals
[5]. Digital hospitals represent significant jurisdictional
investments to improve the quality and safety of acute care [6].
A digital hospital uses a comprehensive electronic medical
record (EMR) to achieve itsclinical goals[7] and is becoming
the predominant method of care delivery worldwide. These new
digital hospital environments radically disrupt well-rehearsed
clinical workflows and create unfamiliar environments for
patients and clinicians, potentially affecting quality, safety, and
experience of care [8-10].

https://www.jmir.org/2024/1/e47715

It has been difficult to determine the value of digital hospital
implementations as what is considered valuable changes over
time and place and from person to person [11]. Previous studies
evaluating digital health implementations have focused on three
domains: (1) improving patient or hospital outcomes using
guantitative evaluation [12]; (2) exploring patient [13] and
clinician behavior, workflows, and attitudes toward EMRs or
digital hospital transformations[10]; and (3) quantifying value
using economic evaluations [4]. Evidence to date demonstrates
conflicting impacts of EMRs on hospital practice, with positive
indications for medication safety, guideline adherence, and
decision support [12,14] and negative indications for
physician-patient communication, staff attitude, and workflow
disruption [15,16]. Focusing on the narrow aspects of digital
health implementations has resulted in patchy assessments of
the value of digital health technologies.

The Quadruple Aimisthe overarching goal of alearning health
care system of enhancing patient experience, improving
population health, reducing health care costs, and improving
the provider experience (Figure 1) [17]. The Quadruple Aim of
health care has been proposed as a strategic compass to guide
digita heath investment planning, decision-making, and
evaluation [11] and has been used in the health care workforce
[18,19], innovation implementation [20], and COVID-19
pandemic [21] contexts to identify current trends and research

gaps.
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Figure 1. Quadruple Aim of hedth care [17].
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Quadruple

Aim Achieved

The experience of patientsand clinicians hasyet to be explored
as important contributors to the Quadruple Aim. Previous
evaluations of clinician experience have focused on individual
retrospective recalls of attitudes, perceptions of EMR
implementation [ 10], and observational time and motion studies
[22]. Existing patient experience research has focused on
bespoke digital systemsfor patient use (eg, internet-based care
technologies, web-based patient platforms, and mobile health
apps) or emerging trends (eg, COVID-19 impacts, effects of
specific technol ogies, research methods, and new technol ogies)
[23,24]. Traditional evaluations of technology in health care
are selective in the outcomes they measure, with an
overwhelming focus on clinical outcomes and efficiency.
Objectives

To address this research gap, our research question was as
follows: what is the clinician and patient experience of digital
hospitals? We hypothesized that clinicians and patients would
report digital hospital experiences positively (eg, patient safety
benefits because of digital safeguards [25]), negatively (eg,
productivity loss because of documentation burden [15]), and
ambivalently (eg, no observed impact of the digital environment
on patient experience [10]). The study aim was to conduct a
systematic literature review and qualitative evidence synthesis
to assessthe clinician and patient experience of digital hospitals.

https://www.jmir.org/2024/1/e47715

RenderX

Methods

Search Strategy and I dentification of Included Articles

Thisreview adhered to the PRISMA (Preferred Reporting Items
for Systematic Reviews and M eta-Analyses) statement checklist
[26] (Multimedia Appendix 1 [26]) and the ENTREQ
(Enhancing the Transparency in Reporting the Synthesis of
Qualitative Research) guidelines [27] (Multimedia Appendix
2). The protocol for this review was registered in PROSPERO
(CRD42021258719).

The PubMed, Embase, Scopus, CINAHL, and PsycINFO
databases were searched twice—on June 24, 2021 (version
[V1]), and subsequently on June 23, 2022 (version [V2])—using
the same search strategy restricted by year of publication (2010
to the present) because of the relative novelty of the digital
transformation of acute care.

The search strategy was initially developed in PubMed using
the popul ation, intervention, comparison, and outcome structure
(Table 1) [28] and trandlated to other databases (Multimedia
Appendix 3). We define experience as an individual’s perception
of events, incorporating themes of expectation and satisfaction.
Thus, synonymsfor “experience” were used to characterize the
outcome. A combination of indexed terms (eg, Medical Subject
Headings) and keywords identified after consultation with a
research librarian and subject matter experts was used.
Truncations, synonyms, and terminological variations (eg,
“EMR” vs“EHR") were also used.
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Table 1. Final search strategy executed in PubMed (version 1: June 24, 2021; version 2: June 23, 2022).

PICO? category Domain Search terms

Population Patients and cliniciansin adigital hospital  «ogpitals’ (MeSHP) OR “hospital*” (tiab®)

Intervention Digital hospital (using an EMRY or EHR®) “electronic health records’ (MeSH) OR *“électronic health record*” (ti)
OR “electronic medical record*” (ti) OR “emr” (ti) OR “EHR” (ti) OR
“digital hospital*” (tiab) OR “smart hospital*” (tiab) OR “digital hospital*”
(tiab) OR “computerized medical record” (tiab)

Comparison None None

QOutcome Experience “satisfaction” (tiab) OR “experience” (tiab) OR “attitude*” (tiab) OR

“perception*” (tiab) OR “opinion*” (tiab) OR “behavior*” (tiab) OR
“behaviour*” (tiab)

8P| CO: population, intervention, comparison, and outcome.
BMeSH: Medical Subject Headings.

Ciab: title and abstract.

9EMR: electronic medical record.

®EHR: electronic health record.

fti: title.

Intotal, 2 reviewers (Y M and OJC) performed title and abstract
screening. Full-text review was then performed based on the
eligibility criteria. Backward citation tracking (snowballing)
was used to identify additional articlesin the reference lists of
included articles and relevant reviews. Decision conflicts were
resolved through internal discussion or by involving a third
reviewer’s opinion (C Slade) when required.

Eligibility Criteria

Studies were included if they described a quantitative,
qualitative, or mixed methodsinvestigation of clinician or adult
inpatient “experience” inadigita hospital (Table 2). Thisreview
focused on multidisciplinary clinicians and adult inpatients as
a first step in synthesizing evidence of digita hospital
experience. Pediatric inpatients were excluded because of
possible environmental factors that could confound the digital

https://www.jmir.org/2024/1/e47715
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hospital experience (eg, patient entertainment systems). Our
study setting prioritized EM Rs—areal-time patient health record
that collects, stores, and displaysclinical informationin atertiary
setting [29] (eg, Cerner Millenium and Epic)—asthe foundation
of a digita hospital [30] as opposed to an electronic health
record (or persona health record), which displays summarized
patient information to the consumer in the community and across
multiple health care providers [29] (eg, My Health Record
[Australiag], the National Health Service app [United Kingdom],
and personal health record [Ministry of National Guard Health
Affairs, Kingdom of Saudi Arabia]). The terms “EMR” and
“EHR" may be used interchangeably in some countries, so both
terms were adopted in the search strategy. The stage of digital
hospital implementation (eg, EMR maturity [31]) was not
considered.
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Table 2. Study digibility criteriafor this systematic review and qualitative evidence synthesis.

Domain Inclusion criteria Exclusion criteria

Population . Multidisciplinary clinicians, including physicians, « Nonclinical hospital staff, including hospital executive and
surgeons, nurses, alied health professionals and administration staff
pharmacists, or adult inpatients «  Pediatric inpatients

Setting « Defined asadigital hospital or defined as adigital «  Study not conducted in an acute hospital setting (eg, primary
hospital by our research team—an acute care (hospital) care, secondary care, internet-based health interventions, 10Tb
service that uses an EMRa or any terminological interventions, Hospital in the Home services, telehealth in
variation to contribute to the goa s of the health service primary care settings, mobile health, and public health)
[30] o Study not concerning an EMR or any terminological variation

in ahospital setting
Design « Quadlitativemethodsfor datacollection (eg, interviews, «  Qualitative studies that do not include verbatim quotes from

focus groups, or ethnography) and data analysis (eg,

thematic analysis or content analysis)

«  Quantitative methods (eg, survey) to collect and ana-

lyze data

«  Mixed methods studiesin which either component  «

fulfilled our eligibility criteria

participants (to enable evidence synthesis)
« Articles not published as full-text empirical studies (ie, ab-
stracts, conference proceedings, gray literature, dissertations,
or theses; because of depth and quality variations)
Narrative or systematic literature reviews; however, their
referencelistswere checked for relevant articles before exclu-
sion (as our review focused on individual empirical studies)
«  Articlespublished before 2010 (because of the rapid adoption
of EMRsin hospitals since 2010)
« Avrticlesnot published in English (because of limited funding
available for large-scale trand ation)

3EMR: electronic medical record.
B1oT: Internet of Things.

Data Extraction

The Covidence software (Veritas Health Innovation) and Excel
(Microsoft Corp) facilitated data extraction of study details
(Multimedia Appendix 4). For studiesdligiblefor the qualitative
evidence synthesis (eg, presence of verbatim participant quotes),
additional data that explained the qualitative findings were
extracted, including the primary and main themes; secondary
and subthemes; minor and unexpected themes; participant
quotations; and any text labeled within the “results’ or
“findings’ (ie, narrative) sections, including data-driven
discoveries, judgments, or explanations the researchers offered
about their phenomena [32,33]. All extracted data were
cross-checked by a second reviewer for accuracy, and any
discrepancies were resolved through discussion. Owing to the
heterogeneity in study design, populations, and outcome
measures for quantitative studies, a meta-analysis was
inappropriate, and a narrative synthesis of quantitative study
results was conducted.

Quality Assessment

The quality of theincluded studieswas assessed using the Mixed
Methods Appraisa Tool (MMAT) [34]. Each study’s
methodol ogy was evaluated against 5 criteria (Yes, No, or Can't
tell) that differed between study designs (qualitative, quantitative
randomized controlled trial, quantitative nonrandomized,
guantitative descriptive, and mixed methods). The included
studies were divided equally among 5 reviewers (LW, YM, C
Slade, JK, and OJC). An MMAT star rating was generated for
each article (Yes=1 star; up to 5 starsin total), amethod adapted
from a recent systematic review by Freire et al [35], and the
scoreswere cross-checked by asecond reviewer. Discrepancies

https://www.jmir.org/2024/1/e47715

were discussed and resol ved within the research team. No study
was excluded from the review based on its MMAT score.

Data Synthesis

Data synthesis was conducted in 2 stages in accordance with
our study aims.

Systematic Review: Narrative Synthesis

A narrative (qualitative) synthesis of quantitative studies was
conducted to summarize and compare key findings [36]. We
first devel oped a preliminary synthesis based on extracted data
and then explored the relationships within and between studies
toidentify and explain any heterogeneity. |dentified experience
outcomeswereinductively grouped together based on similarity
(eg, ease of use and user-friendliness), and the group was given
a descriptor (eg, usability) that would accurately reflect the
experience outcomes within the group.

Qualitative Evidence Synthesis

The qualitative evidence synthesis [37] was conducted in 2
steps.

Step 1: Automated Text Analytics Using MachineL earning

Step 1 was undertaken using the text analytics tool Leximancer
(version 4.5; Leximancer Pty Ltd) [38], an increasingly adopted
[39] approach to qualitative analysis that is 74% effective at
mapping complex concepts from matched qualitative data and
>3 timesfaster than manual thematic analysis[40]. Leximancer
applies an unsupervised machinelearning algorithm and inbuilt
thesaurusto uncover networks or patterns of word- and namelike
terms in a body of text [41,42]. Leximancer then generates
interconnections, structures, and patterns among terms to
develop “concepts’—collections of words that are linked
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together within the text—and group them into
“themes’—concepts that are highly connected. The
interrel ationships between concepts and themes are visualized
on a map. Advantages include expediting the early stages of
qualitative analysisand providing afirst impression of meaning
within qualitative data that limits researcher bias.

After dataextraction, qualitative datafrom theincluded articles
were synthesized into 3 data sets—“themes’ (primary,
secondary, and minor), “quotes’ (from participants), and
“narrative” (any text under the “results’ or “discussion”
sections)—ready for separate Leximancer analysis. We chose
to analyze each data set separately to account for any significant
(but unknown at the time) heterogeneity across the studies. In
total, 3 researchers were alocated 1 data set each using
Leximancer to create an initial concept map without altering
any settings. Initial concepts were reviewed for meaning, and
redundant conversational words were removed where
appropriate (eg, study, doing, and participants). Concept
variations of EMR or electronic health record were removed as
this was labeled as the independent variable and the target
context already under analysis. Concept variations (eg, patient
and patients) were merged where necessary. All other software
settings were kept as the default values.

Step 2: Researcher-Led Thematic Analysis

The preliminary themes and conceptsidentified viatext analytics
underwent validation and researcher-led thematic analysis in
accordance with a modified version of the method by Thomas
and Harden [33]. Firgt, thetop 5 Leximancer-identified concepts

https://www.jmir.org/2024/1/e47715
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(eg, “patient”) were identified and connected with their 2 most
related concepts (eg, “patient” AND “documentation” or
“patient” AND “time”) to create a concept grouping. In total,
3 researchers (OJC, LW, and JK) validated each Leximancer
concept grouping by extracting relevant text and generating a
preliminary interpretation of the meaning of each concept
grouping, which was cross-checked between researchers.
Researchers (0OJC, LW, JK, and BG) then worked
collaboratively acrossall 3 datasetsto conduct arapid thematic
analysis using a cluster and name technique to generate a
working thematic framework [43]. Through an iterative and
interpretive process, researchers then grouped similar concepts
into parent themes. Discrepancies were resolved through
discussion until the final themeswere decided and approved by
consensus.

Results

Identification of Included Articles

Intotal, 2059 studies wereidentified from thefirst search (V 1),
and an additional 462 studies were identified from the second
search (V2; Figure 2). Following duplicate removal and title
and abstract screening, atotal of 109 studies (V 1: n=84, 77.1%;
V2: n=25, 22.9%) remained and underwent full-text review. Of
these 109 studies, 61 (56%) met our inclusion criteriaand were
included in this review, comprising quantitative (n=39, 64%),
qualitative (n=15, 25%), and mixed methods (n=7, 11%)
designs.
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the systematic review and qualitative

evidence synthesis. DH: digital hospital; EMR: electronic medical record.

Identification of studies via databases and registers

Search 1: June 24, 2021

Search 2: June 22, 2022

oy
= Records identified: 2059 Records identified: 462 :tiiz;(ii]slgr-emoved before
b= = PubMed (n=76 i .
- *  PubMed (1=654) * od (=76) s  Records removed via EndNote
& . Scopus (n=762) + *  Scopus (n=178) _ (1=527+84)
£ *  PsycINFO (n=37) *  PsycINFO (0=0) ¢ Duplicate records removed
= ¢  Embase (n=248) e  Embase (n=164) (0=115+18)
= e CINAHL (n=318) e  CINAHL (n=44)
| i
oy l
+ Studies irrelevant (via title and
Records screened: (n=1417) Records screened: (n=360) {—»| abstract screening):
(n=1333+335)
& Reports excluded:
‘= Reports assessed for eligibility: + Reports assessed for eligibility: *  Wrong outcomes (n=9-+4)
§ (n=84) (n=25) s Wrong study type (n=16)
@ *  Wrong study design (n=3+2)
o Wrong setting (n=6+4)
l l *  Wrong intervention (no DH or
EMR; n=1+2)
e  Not in English (n=1)
Studies included from search 1: + Studies included from search 2:
(n=49) (n=12)
—_—
oy
T Studies included in review
g (n=61):
E e Quantitative (n=39)
= e Qualitative (n=15)
e Mixed methods (n=7)
| S

Quality Assessment

In total, 52% (32/61) of the included studies met all 5 MMAT
quality criteria(Multimedia Appendix 5 [44-104]). An additional
20% (12/61) of the studies met 4 out of 5 of the quality criteria
Only 7% (4/61) of the studies met <2 of the 5 quality criteria,
of which 75% (3/4) were mixed methods studies and 25% (1/4)
had a quantitative descriptive design. For these studies, a score
of <2 indicated inadequate sampling, and in the case of the
mixed methods studies, the integration of and inconsistencies
between quantitative and qualitative elements were not
adequately described.

Characteristics of the Included Studies

Study Design

Of the 61 included articles (Multimedia Appendix 6 [44-104]),
most (n=39, 64%) adopted quantitative methods to assess
clinician and patient experiences. Most quantitative studies
(31/39, 79%) conducted descriptive cross-sectional surveysto

https://www.jmir.org/2024/1/e47715

assess experience at one point. A total of 21% (8/39) of the
studies assessed clinician and patient experience through
guantitative nonrandomized methodsin the pre- and post—EMR
implementation periods. A minority of the included studies
(15/61, 25%) qualitatively assessed experience through
interviews, focus groups, and ethnographic observations. A total
of 11% (7/61) of the studies used both quantitative and
gualitative methods (mixed methods).

Setting

The most common country of study was the United States
(2161, 34%), followed by Australia (6/61, 10%), Saudi Arabia
(5/61, 8%), and Canada (4/61, 7%). More than half (32/61, 52%)
of the included studies were published after 2018. The settings
included diversity across large tertiary academic hospitals and
private hospitalsin rural and metropolitan settings. The number
of participating hospitals ranged from 1 to 2836.
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(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Participants

In total, 90% (55/61) of the studies investigated the clinician
experience using quantitative, qualitative, or mixed methods.
Within the clinician experience group, 35% (19/55) of the
studiesincluded all EMR users, followed by nursing staff only
(17/55, 31%) and physicians only (15/55, 27%). Study
participation ranged from 8 to 3610 across the clinician
experience studies. Only 16% (10/61) of the included studies
investigated the patient experience. In total, 60% (6/10) of the
studiesfocused exclusively on the patient experiencewith EMR,

https://www.jmir.org/2024/1/e47715
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and 40% (4/10) included perspectives from both stakeholder
groups. Patient participant counts ranged from 11 to 34,425.

Quantitative Results: Clinician and Patient Experience
in Digital Hospitals

Overview

Table 3 reports the outcome measures of the digital hospital
experienceidentified in the studies with quantitative components
(46/61, 75%; 39/46, 85% quantitative and 7/46, 15% mixed
methods).
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Table 3. Measures of the digital hospital experience identified in the included studies (quantitative and mixed methods studies, n=46).

Experience outcome Studies, n (%) References

Patient experience (n=9; n=7 quantitative and n=2 mixed methods)

Patient satisfaction 6 (67) « Kazley et [48]

« Huetd [84]

o Jarviseta [51]

« Monturoetal [102]

o Tianeta [96]

« Burridgeet a [69]
Recommended the hospital 2(22) « Kazley et ad [48]

« Huetd [84]
Good discharge information 333 « Kazley et a [48]

« Huetd [84]

« Burridgeet a [69]
Provider-patient interaction (patient perspective) 3(33) « Migda etal [57]

« Monturoeta [102]
« Burridgeet a [69]

Clinician experience (n=41; n=34 quantitative and n=7 mixed methods)

Tajirian et a [88]
Schwarz et a [87]
Schopf et d [77]
Williamset a [79]
Alobo et a [80]

Bani - issaet d [62]
Alharthi et al [54]
Harmon et al [59]
Kaipio et a [85]
Kutney-Leeet a [76]
Lakbala and Dindarloo [56]
Tilahun and Fritz [61]
Tubaishat [72]

Abu Raddaha [70]
Top and Gider [49]
Alsohimeet a [73]
Al-Mujaini et al [46]
Shaker et a [60]
Claret et al [47]

Al Otaybi et a [98]
Cho et al [89]
Czernik et al [101]
Jedwab et al [97]
Welchen et al [104]

Overall EMR? satisfaction 24 (59)

Usability 19 (46) De Groot et a [82]
Schwarz et d [87]
Schopf et a [77]
Aldosari et al [68]
Eden et al [83]
Alharthi et al [54]
Top et al [53]
Kutney-Leeet a [76]
Bossen et al [50]
Kaipio et a [66]
Tubaishat [72]

Abu Raddaha [70]
Top and Gider [49]
Strudwick et a [71]
Arikan et a [99]

Al Otaybi et a [98]
Choet al [89]
Lloyd et al [93]
Welchen et al [104]
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Experience outcome Studies, n (%)

References

Adaptation 14 (34)

Data accessibility 18 (44)

Provider-patient interaction (clinician perspective) 3(7)

Workload and burnout 19 (46)

Patient safety 14 (34)

Schopf et d [77]
Schenk et al [64]
Hung et a [75]
Lakbala and Dindarloo [56]
Bossen et a [50]
Kaipio et a [66]
Abu Raddaha [70]
Strudwick et a [71]
Shaker et al [60]
Claret et a [47]
Arikan et a [99]

Al Otaybi et a [98]
Czernik et al [101]
Lloyd et al [93]

De Groot et a [82]
Schwarz et a [87]
Aldosari et al [68]
Alobo et a [80]
Eden et al [83]
Alharthi et al [54]
Top and Gider [49]
Hung et a [75]
Kutney-Leeet a [76]
Bossen et a [50]
Kaipio et a [66]
Abu Raddaha [70]
Top et al [53]
Strudwick et a [71]
Arikan et al [99]

Al Otaybi et a [98]
Lloyd et al [93]
Welchen et al [104]

Ratanawongsa et a [67]
Al Otaybi et a [98]
Czernik et al [101]

Tajirian et a [88]

Schopf et a [77]
Kutney-Leeet a [92]
Alobo et al [80]

Eden et al [83]

Schenk et al [64]

Harmon et al [59]
Lakbala and Dindarloo [56]
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Patient Experiencein a Digital Hospital

Of the 9 quantitative or mixed methods studies reporting the
patient perspective, 7 (78%) [48,51,57,69,84,96,102] used
different survey methods (eg, the Hospital Consumer
Assessment of Healthcare Providers and Systems [HCAHPS]
survey) to quantify “patient experience” using various
satisfaction metrics. Of these studies, 57% (4/7) reported a
positive association [48,57,69,84] between EMR and patient
satisfaction scores and 43% (3/7) reported no substantial change
[51,96,102]. In total, 22% (2/9) of the studies [67,92] used
hospital outcomes rather than patient feedback, which did not
meet our definition of “experience”

A total of 33% (3/9) of the studies[57,96,102] reported patient
experience before and after EM R implementation (or transition
between EMR systems). Tian et al [96] surveyed 34,425 patients
using the standardized HCAHPS survey and found asignificant
decreasing trend in patient experience scores for the 6 months
after implementation followed by areturn to baseline, with no
significant changes overall. Monturo et a [102] surveyed 55
patients and found no significant changes in overall patient
satisfaction.

Of the 9 studies, 3 (33%) cross-sectional studies [48,51,84]
compared patient experiences in hospitals with and without an
advanced EMR. Hu et a [84], using the HCAHPS survey at
1006 hospitals, and Kazley et al [48], using Hospital Compare
dataat 2836 hospitals, both found apositive association between
EMR adoption and overall hospital rating and discharge
information. Jarvis et a [51] found no significant differencein
HCAHPS scoresin advanced EMR versus non—advanced EMR
hospitals.

https://www.jmir.org/2024/1/e47715

Clinician Satisfaction With the EMR

Of the 41 quantitative studies that investigated the clinician
experience, 24 (59%) included an overall EMR satisfaction
metric, and 71% (17/24) of these studies reported a positive
sentiment [47,49,59,60,62,70,72,73,76,79,80,85,87-89,98,101].
For instance, Kutney-Lee et al [76] used the registered nurse
forecasting study (RN4CAST-US) nursing survey with 12,377
nurses across 353 hospitals and found a 74.9% “satisfaction
with current EMR.” In total, 25% (6/24) of the studies
[64,68,72,75,89,94] used features of the technol ogy acceptance
model, and “perceived usefulness’ or “perceived value” was
equated to overall satisfaction. Evidence of increasing
satisfaction with increased digitization was found in a study
that stratified resultsby level of EMR adoption, including groups
for basic EMR (71.3% satisfaction reported) and comprehensive
EMR (78.4% satisfaction) [76].

Of the 24 studies that reported overall EMR satisfaction as an
outcome of clinician experience, 7 (29%)
[46,54,56,61,77,97,104] reported negative sentiment with the
EMR. For instance, Tilahun and Fritz [61] surveyed 406
clinicians and found that 64.4% were dissatisfied with the use
of the EMR system; however, only 22.8% strongly disagreed
with the following statement: “| prefer EMR than the paper
record.” One study found that only 15.6% of respondents (n=141
physicians) felt that the EMR was an “effective tool” [46], and
another found that only 38.9% of users (n=262 nurses and
physicians using the National Usability-Focused Health
Information System Scale) rated the EMR system as “high
quality” [104].
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Usability of the EMR by Clinicians

Of the 41 studies that included the EMR user perspective, 19
(46%) reported a usability metric, and 11 (58%) of these
reported a positive sentiment
[50,54,68,70,71,72,76,82,83,89,99]. Survey components that
investigated usability used outcomes such as “ease of use’
“user friendly,” and “technical quality.”

Positive sentiment was considered to be >3.5/5 on a 5-point
Likert scale or >50% agreement with usability statements. Of
thoseusing aLikert scale, statements such as*the health record
| am working with isuser-friendly” scored 3.62 (n=667 nurses)
[82], and “perceived ease of use” scored 3.7 (N=1539 nursesin
15 hospitals) [72] and 3.78 (n=223 nurses) [89]. Aldosari et al
[68] surveyed 153 nurses and found a 79.7% agreement with
the following statement—"“It is easy to use the EMR"—and
70.5% agreement with the following statement: “| find the EMR
system interface to be user friendly.”

A negative sentiment regarding usability was found in 42%
(8/19) of the studies [49,53,66,77,87,93,98,104]. In the study
using the National Usability-Focused Health Information System
Scale (n=3013 physicians), most partici pants (60.15%) disagreed
with the following statement: “routine tasks can be performed
in a straightforward manner without the need for extra steps
using the systems’ [66]. Comparatively fewer nurses (n=3560)
in the same study disagreed with this statement [66].

Adaptation to New Systems

A total of 30% (14/41) of the studies discussed the experience
of adapting existing workflows to integrate the new digital
interface and transitioning to adigital environment on the wards
[47,50,56,60,64,66,70,71,75,77,93,98,99,101]. Generally, the
adaptation outcome had a negative sentiment from EMR users.
One survey of 285 nurses 8 to 13 months after EMR
implementation found that users felt that the EMR provided a
“holistic view of the patient, but fragmentation and complexity
introduce workflow challenges’ [64]. Another study found that
35.1% of physicians (n=317) agreed with the following
statement: “EMR does not disrupt workflow” [60]. A third study
found that 48.7% of physicians (n=3013) and 62.3% of nurses
(n=3560) disagreed with the following statement: “learning the
EHR did not require alot of training” [66].

Data Accessibility and Clinician-Patient | nteraction

Data accessibility in digital hospitals was reported in 39%
(18/41) of the quantitative studies
[49,50,53,54,66,68,70,71,75,76,80,82,83,87,93,98,99,104].
Much of the sentiment was positive as clinicians agreed that
the EMR alowed users to access information when and where
they needed it. One survey of 153 nurses in a Saudi Arabian
hospital found that 85.6% of respondents agreed with the
following statement—"| have access to the information where
| need it"—and 83.6% agreed with the following statement: “|
have access to the information when | need it” [68]. One large
cross-sectional study of 2684 clinicians found a 50.3%
agreement with thefollowing statement: “EMR provides precise
information | need” [98]. Neutral sentiment was indicated in
one study by an average of 3.5 (5-point Likert scale) in response
to the following statement—-"it is easy to find the information

https://www.jmir.org/2024/1/e47715

Canfell et &

| need”—from 244 clinicians 2 months after EMR
implementation [50]. The survey by Lloyd et a [93] found that
49% of physicians (n=224) and 59.4% of nurses (n=72) agreed
that “it is easy to obtain necessary patient information using the
EMR system.”

A total of 7% (3/41) [67,98,101] of the studies reported on the
impact of EMR on clinician-patient interaction, with all 3 studies
agreeing that the EMR reduced this communication. Czernik
et al [101] found that 39% of 126 physicians agreed (7-point
Likert scale) with the statement that EM R causes*lack of proper
patient-doctor communication.” A total of 43% (3/7) [57,69,102]
of patient experience studies reported on the impact of EMR
on patient-provider interaction. Migdal et a [57] focused more
specifically on physician-patient communication with their
patient participants using a CICARE survey (17-question Likert
scale) designed by the University of California, Los Angeles,
Health system to assess resident physician performance. Of the
3417 patient surveys, Migdal et al [57] found that 9 of 16
relevant questions had statistically significant improvements
after EMR implementation, suggesting improvement in
communication between patients and providers after EMR
implementation.

Workload and Burnout

Many studies (19/41, 46%) reported on the impact of EMR on
clinical workload, including symptoms of burnout and subjective
productivity. One cross-sectional study in Canada surveyed 208
physicians and found that 68.2% of respondents felt that the
EMR “added to daily frustration”; 24.5% of respondents had
one or more symptoms of burnout; and, of those with burnout,
nearly 75% “identified EMR as contributor to burnout
symptoms” [88]. Another study across 343 hospitalsincluding
12,004 nurses compared EMR usability (as per the
RN4CAST-USusahility survey) with symptoms of burnout and
found that lower EMR usability scores were associated with
higher odds of burnout (oddsratio 1.41, 95% Cl 1.21-1.64) [92].
Often, studies assessed workload in terms of productivity. In5
low-resource hospitals 3 years after EMR implementation
(n=405 physicians and nurses), 82.4% of physicians disagreed
that “EMR improves productivity,” whereas 61% of nurses
agreed [61].

Patient Safety and Delivery of Care

There was a mixed sentiment across 34% (14/41) of the
guantitative studies
[50,53,56,66,73,75,79,80,85,87,88,93,94,98], which included
survey items on the impact of the EMR on patient safety. In
total, 43% (6/14) of these studies [53,56,66,73,93,98] included
survey items about EMR preventing errors in patient care,
especially mistakes associated with medications. One study in
alarge specialist hospital in Nigeria (n=35 health care workers)
found that the EMR made clinicians “more prone to errors’
[80]. Similarly, Kaipio et a [66] found that |ess than half of the
surveyed physicians (44.7%) and nurses (40.2%) agreed with
the following statement: “IT systems help in preventing errors
and mistakes associated with medication.” Conversely, Al
Otaybi et al [98] (n=2684 health care workers) found that only
15.5% agreed with the following statement: “EMR increases
the risk of making errors” One study investigated the change
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in user experience over time and found that agreement with the
statement that the EMR “improves prevention in errors and
mistakes associated with medications” increased by 13% from
2010 to 2014 [85].

There was aso a mixed sentiment across 29% (12/41) of the
studies, which included outcomes on the impact of the EMR
on clinicians' ability to deliver care to their patients. In alarge
study of >12,000 US nurses, more than half (55.4%) reported
agreement with the statement that the EMR “systems interfere
with the provision of care” [76], and in a smaller study, 84.2%
of participants disagreed with the statement that the EMR
“system has positive impact on quality of care” [61]. Conversely,
in the Netherlands, nurses were more likely to agree with the
following statement: “the information in the health records
supports my activities during the provision of care” [82].

Quialitative Results: Clinician and Patient Experience
in Digital Hospitals

A total of 18 studies (n=14, 78% quditative and n=4, 22% mixed
methods) with qualitative components were included in the
qualitative evidence synthesis. Only 7% (1/15) of the qualitative
studiesin our review explored the patient experiencein adigital
hospital [52]; however, this study was excluded from the
gualitative evidence synthesis and isreported narratively in the
following paragraph. A total of 29% (2/7) of the mixed methods
studies were also excluded for lacking direct participant quotes
as per the exclusion criteria [50,75]; however, the quantitative
results are reported in the previous sections.

Strauss [52] interviewed 11 patients about the dynamics with
their nurses and the EMR. Similar to the qualitative evidence
synthesis, participants described a positive perception of the
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EMR when the nurses acknowledged the participants before
using the electronic device; however, many “ expressed concerns
[for] the privacy of their health record information.”
Interestingly, participants expectations of the *“clinica
knowledge and competency of the nurse, within the
technological arena, have increased with the implementation of
the[EMR].”

Quialitative Evidence Synthesis: Clinician Experience
Only

Step 1: Automated Text Analytics Using Leximancer

Multimedia Appendix 7 presents the results of the automated
text analytics using Leximancer. Figures S1to S3in Multimedia
Appendix 7 present the intertopic concept maps derived from
the themes, quotes, and narrative qualitative data, respectively.

Table S1in Multimedia Appendix 7 comparesthetop 5 concepts
and their 2 most related concepts identified by Leximancer
across each qualitative group. Owing to the relative homogeneity
in the top 5 conceptsidentified among the themes, quotes, and
narrative qualitative data, it was decided to perform
researcher-led thematic analysis (step 2) collectively instead of
individually for each data group. This decision was not a
predetermined method and was made organically during data
analysis.

Step 2: Researcher-Led Thematic Analysis

Overview

Textbox 1 presents 7 themes that describe the clinician
experience in digital hospitals derived from the qualitative
evidence synthesis (18/61, 30% of the studies).

Textbox 1. Final themes describing the clinician experience in digital hospitals from the qualitative evidence synthesis (n=18).

Themel

«  Slow and inefficient digital documentation detracts from other clinical priorities.

Theme2

« Inconsistent data quality and discoverability challenge clinician trust in making data-driven decisions.

Theme3

. Digital technology creates new tensions that disrupt conventional health care relationships.

Theme4

«  Acceptance of digital hospitalsis a value-based spectrum that changes over time.

Theme5

«  Clinicians value patient safety benefits while acknowledging concerns about new digital risks.

Theme6

« Cliniciansfeel reliant on hybrid (digital and paper) workflows to maintain the standard of care.

Theme7

«  Clinicians worry about compromising patient data privacy to improve care efficiency.

https://www.jmir.org/2024/1/e47715
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Theme 1: Slow and I nefficient Digital Documentation
Detracts From Other Clinical Priorities

Documentation was a time burden for clinicians with a slow
and inefficient workflow [95] in which it was difficult to find
information [95], there were “too many steps to accomplish
simpletasks’ [44], and userswere required to re-enter the same
data repeatedly [63].

Clinicians felt challenged by the requirement for accurate and
complete documentation during the provision of patient care.
Staff reported wanting to provide care but needing to complete
medical records:

A lot of the time we're having to say [to patients],
“Oh look, I'll have to come back to you, I've got to
do my documentation.” [81]

The study by Schenk et a [64] concluded that “EHR
implementation was disruptive to nursing care and adversely
influenced nursing attitudes,” reporting “too many stepsto find
and chart information, information that isfragmented and overly
complex, leading to workflow challenges and interruptions of
care” Shortcutsand quick orders savetime [95] and were used
as workarounds to improve efficiency.

Theme 2: Inconsistent Data Quality and Discover ability
Challenge Trust in Decisions

Cliniciansfound that data quality improved in digital hospitals.
Studies highlighted various benefits of digitization, including
improved documentation of data [78], efficient display of
information [95], improved data completeness [78], and
improved documentation readability [63]. Thiswas summarized
by the following participant quote:

...the availability of data in the EHR is a good thing.
[101]

“Note bloat” was reported as a theme regarding difficulties
finding information in the digital system [95]. Discoverability
challenged clinicians and negatively affected their trust in
making data-driven decisions. It was difficult to find information
[95] and easy to miss information [95], as described by one
participant:

...you've got to look through 100 documents to find
the information you are looking for. [ 65]

Inefficiencies in the EMR design may lead to inappropriate
care:

A wrong decision happens based on the missing
information. [ 45]

Theme 3: Digital Technology Creates New Tensions That
Disrupt Conventional Health Care Relationships

Reduced patient contact [55] from EMRs “inserted” between
the patient and clinician deteriorated the personal relationship
[44]. There was the potential to lose focus on the patient,
undermine rapport [86], and communicate with the computer
inlieu of direct bedside patient communication [81]. The effect
of digital documentation on trust in the psychiatrist-patient
relationship was noted, and required open communication
between the psychiatrist and patient to promote transparency
about what was documented [100].

https://www.jmir.org/2024/1/e47715
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Managing disrupted communication [81] to preserve the
pati