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Abstract

The major impact on healthcare through the ongoing digital transformation and new technologies results in opportunities for
improving quality of care. Electronic patient records (EPR) are a substantial part in this transformation, even though their
influence on documentation remains often unclear. This review aims to answer the question of which effect the introduction
of the EPR has on the documentation proper in hospitals. To do this, studies are reviewed that analyze the documentation
itself, rather than merely conducting interviews or surveys about it. Several databases were searched in this systematic review
(PubMed including PubMed, PubMed Central and Medline; PDQ Evidence; Web of Science Core Collection; CINHAL). To
be included, studies needed to analyze written documentation and empirical data, be in either German or English language,
published between 2010 and 2020, conducted in a hospital setting, focused on transition from paper-based to electronic patient
records, and peer reviewed. Quantitative, qualitative and mixed methods studies were included. Studies were independently
screened for inclusion by two researchers in three stages (title, abstract, full text) and, in case of disagreement, discussed
with a third person from the research team until consensus was reached. The main outcome assessed was whether the studies
indicated a negative or positive effect on documentation (e.g. changing the completeness of documentation) by introducing
an EPR. Mixed Methods Appraisal Tool was used to assess the individual risk of bias in the included studies. Overall, 264
studies were found. Of these, 17 met the inclusion criteria and were included in this review. Of all included studies, 11 of
17 proved a positive effect of the introduction of the EPR on documentation such as an improved completeness or guideline
adherence of the documentation. Six of 17 showed a mixed effect with positive and negative or no changes. No study showed
an exclusively negative effect. Most studies found a positive effect of EPR introduction on documentation. However, it is
difficult to draw specific conclusions about how the EPR affects or does not affect documentation since the included studies
examined a variety of outcomes. As a result, various scenarios are conceivable with higher or reduced burden for practition-
ers. Additionally, the impact on treatment remains unclear.
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of care and therefore higher quality of care which is con-
trasted with certain aspects of the EPR that may lead
to higher staff burden [2, 3]. Despite the impact that the
implementation of an EPR has been shown to have, clinical
documentation itself is often not included in investigations.
However, certain analyzable aspects of documentation like
completeness, accuracy or legibility have been proposed
since the emergence of EPRs [4]. Ignoring possible changes
in documentation due to the introduction of an EPR seems
doubtful, since inadequate documentation of clinically rel-
evant aspects could result in patients not receiving the treat-
ments they need [5, 6]. This review follows the research
question of which effect the introduction of the EPR has
on the actual clinical documentation in hospitals and sum-
marizes evidence from the comparison of paper-based and
electronic patient records.

Methods

To shed light on the research question, a systematic review
was conducted and is reported based on the most recent
version of the “Preferred Reporting Items for System-
atic Reviews and Meta-Analyses” (PRISMA) guidelines
described by Page et al. whenever it is applicable [7]. See
Online Resource 1 for a detailed list where to find which
items.

Search Strategy & Selection Criteria

Following a sensitive search strategy to identify all suit-
able studies, several electronic bibliographic databases
were searched including PubMed (incl. PubMed, PubMed
Central, MEDLINE), Web of Science Core Collection,
CINAHL, and PDQ Evidence. The components for the
database search were “implementation”, “electronic patient
record”, “paper-based”, “documentation”, and “hospital”.
For all databases, filters were used to limit the results to
English and German language and the period of publication
from 2010-2020. The period of publication was limited as

previous, unsystematic research showed that some studies
from before 2010 examined technologies that are no longer
in use today due to the rapid progress of digital systems. See
Online Resource 2 for the detailed search strategies whose
construction was not accompanied by a librarian. Synonyms,
Boolean Operators, number of results, date, and filters or
special features like truncations for all databases can be
found there.

Screening of results was conducted in three steps by
three researchers (FW, GF, UK) with inclusion or exclusion
of studies following the criteria in Table 1. At this point,
it should be emphasized that the focus of this systematic
review is on the documentation itself and not on the results
of interviews or surveys about it. According to point 5 in
Table 1, only studies that analyzed actual patient records
were included. In the first step, all titles were screened
independently by FW and GF. Thereupon, abstracts were
screened independently by FW and GF resulting in screen-
ing of the remaining full texts by FW and GF. Discrepancies
in the first two steps meant including the studies in the next
step until enduring discrepancies were discussed in the last
step together with UK and consensus was reached. Screen-
ing was conducted in all steps following a questionnaire (see
Online Resource 3) that covered all inclusion criteria.

Data Items & Collection Process

The extracted data included authors, year, country, setting,
study design, number of analyzed records, outcomes, results,
and, if applicable, a use case. The outcomes were classi-
fied into the framework given by Nonnemacher, Nasseh,
and Stausberg regarding their dimension of quality, mean-
ing that e.g. the analysis of the outcome usage of standard-
ized nursing language could be assigned to the dimension
of structural quality [8]. For quantitative studies, statistical
numbers like confidence intervals, p-values, or other relevant
effect measurements were also extracted. See Table 2 for
study characteristics, Table 3 for outcomes and results and
Table 4 for study designs which allows a clear overview of
the results of the individual studies, potential missing data

Table 1 Inclusion and
Exclusion Criteria

Inclusion criteria

Exclusion criteria

English or German language

Publication period from 2010—2020

Hospital setting

Focus on the transition from paper-based to

electronic patient records

Document analysis of written documentation

Analysis of data
Peer reviewed publication

A language other than German or English
Published before 2010

Ambulatory setting, outpatient clinics, nursing
homes, rehabilitation centers, intersectoral care

Exclusive consideration of paper or exclusive
consideration of electronic documentation

Interviews or surveys about documentation
Secondary literature like reviews, comments, essays
Thesis, newspaper articles, symposia
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Table 2 Study Characteristics

Authors

Country

Setting

Use Case

N

Al Muallem et al. [21]

Barritt et al. [13]

Bell et al. [18]

Boo et al. [16]

Bruylands et al. [10]

Choi et al. [22]

Coffey et al. [23]

Hampe et al. [14]

Jamieson et al. [11]

Jang et al. [15]

Liu and Edye [12]

Lucas et al. [24]

McCamley et al. [25]

Montagna et al. [19]

Thoroddsen et al. [26]

Yadav et al. [17]

Saudi Arabia

United Kingdom

USA

South-Korea

Switzer-land

USA

USA

USA

Canada

South-Korea

Australia

Germany

Australia

Italy

Iceland

USA

Radiology department at a
military hospital

Orthopedic surgical ward

Emergency department in one
793 bed hospital

700 bed academic teaching
hospital

Midsized general hospital

705 bed teaching hospital

Pediatric level I trauma center

Burn unit at a tertiary hospital

Internal medicine
unit at a large urban academic
teaching hospital

1200 bed hospital

Large sub-tertiary
hospital

Level 1 trauma center at the
emergency department at an
academic teaching hospital

900-bed tertiary academic
teaching hospital

Trauma center

Medical imaging referral forms

Operation reports for unilateral
hip hemiarthroplasty

Discharge instructions
Chief complaint and present

illness

Nursing diagnoses

Preoperative screening,
preanesthesia evaluation,
perioperative care,

postoperative phases

Trauma resuscitation

Lund Browder documentation
for burn wound classification

Admission notes

Anesthesia records

Appendicectomies

Traumatological patients

Nutrition data & dietetic chart

Trauma resuscitation

800 bed university hospital with Nursing care plans

50 wards (41 sampled)

not specified

Physical examination in initial
progress notes of 5 ICD-9
diagnoses

456 documents
(228 paper records vs. 228
electronic records)

80 documents
(50 paper records vs. 30
electronic records)

300 documents
(150 paper records vs. 150
electronic records)

2,281 documents
(1,159 paper records vs. 1,122
electronic records)

108 documents

(36 paper records vs. 36 paper
records vs. 36 electronic
records)

4,981 documents
(3,997 paper records vs. 984
electronic records)

400 documents
(200 paper records vs. 200
electronic records)

not specified

42 documents
(21 paper records vs. 21
electronic records)

250 documents
(100 paper records vs. 150
electronic records)

318 documents

(98 paper records vs. 107
electronic records tl vs. 113
electronic records t2)

10,891 documents

(3,199 paper records vs. 2,910
electronic records t1 vs. 4,782
electronic records t2)

312 documents

(183 paper records vs. 129
electronic records)

&

8 paper audits incl. 3,834 records
vs. 5 electronic audits incl.
2,958 records

40 documents

(20 paper records vs. 20
electronic records)

580 documents

(299 paper records vs. 281
records (195 electronic & 86
paper))

500 documents

(250 paper records vs. 250
electronic records)
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Table 2 (continued)

Authors Country Setting

Use Case N

Zargaran et al. [20] South Africa Academic tertiary referral

trauma hospital

Admission notes, operative 20,848 documents
notes, and discharge summaries (9,236 paper records vs. 11,612
of patients requiring full electronic records)
trauma team activation

and heterogeneity of the included studies. Included publica-
tions were stored in a Citavi library and extracted data was
summarized in Microsoft Excel.

Study Risk of Bias Assessment

The Mixed Methods Appraisal Tool (MMAT) (Version
2018) proposed by Hong et al. was used to assess the quality
of the included studies [9]. MMAT is a specially designed
tool that can be used for assessing the quality of different
study types in the same review including qualitative, quan-
titative, and mixed methods studies. The assessment was
conducted independently by FW and GF with discrepancies
discussed within the research team (FW, GF, UK). Follow-
ing the recommendations for reporting the results of the
MMAT (Version 2018) the studies were rated on a scale of
zero to five stars. Each of the five conditions that was met
scored as one, an unclear or unmet condition scored as zero.
Studies with low quality were not excluded for this review,
but quality of included studies was presented and a possible
risk of bias discussed on basis of the MMAT rating.

Results

The study selection process and the reasons for excluding
studies are depicted in Fig. 1. The database search resulted in
261 studies after duplicates were removed, plus three studies
that were identified through a backward search of the records
of the included studies [10-12]. 12 studies were excluded after
title screening, 196 studies were excluded after abstracts were
assessed for eligibility, and 39 studies were excluded after
full texts were assessed for eligibility. The remaining 17
studies were included in this systematic review.

All included studies examine the documentation by per-
forming a document analysis with comparison of the paper-
based patient records and EPRs. Due to the hospital set-
ting and the explicit exclusion of the outpatient setting, this
concerns only the hospital's internal documentation in the
patient records. Although the hospital setting was an inclu-
sion criterion, the hospital setting still varies. There are dif-
ferences in specialty (e.g., burn unit or orthopedic surgical
ward) [13, 14], size (e.g., 700 beds or 1,200 beds) [15, 16],
academical teaching activity, and one hospital which was not
further specified [17]. Derived from that, all included studies

@ Springer

investigate the documentation through the lens of a certain
use case like for example operation reports or discharge
instructions [14, 18]. The number of analyzed records var-
ies from a minimum of 40 records (20 paper records vs. 20
electronic records) [19] to a maximum of 20,848 records
(9,236 paper records vs. 11,612 electronic records)
[20]. Except for Jamieson et al. who followed a prospective
study design, all other studies evaluated the patient records
retrospectively [11]. Only Montagna et al. followed a mixed
methods approach, also investigating qualitative aspects such
as the structure of the patient record in general or the for-
mat of the documentation in particular [19]. See Table 2 for
detailed characteristics of all included studies.

The most commonly analyzed outcomes were complete-
ness [15, 17, 20, 21, 23, 25, 26], guideline adherence [13, 14,
18, 22], and volume of documentation [11, 16, 17, 19]. Of
all included studies, 11 of 17 proved a positive effect of the
introduction of the EPR on documentation. Six of 17 showed a
mixed effect with positive and negative changes, or no changes
while no study showed an exclusively negative effect. Table 3
gives an overview of the analyzed outcomes, the key results
of all included studies and whether a positive (+), negative
(-), mixed (~) effect was measured. If the authors specified a
p-value, it is indicated in the table. See Online Resource
4 for detailed summaries of all included studies.

MMAT was used to assess the individual risk of bias
in the included studies and to rate their quality based on
questions like “Are there complete outcome data?”. The
two screening questions whether the study is an empiri-
cal one were fulfilled in all cases except one study [14].
That study fulfilled only one of the two screening questions
with the second remaining unclear. Nevertheless, all stud-
ies were evaluated in terms of their quality. In Table 4, the
final MMAT score of all included studies is depicted with a
maximum of five stars. The detailed rating of all individual
conditions is accessible in the appendix (Online Resource
5) which might be important since many conditions may
not necessarily be unmet but remain unclear. Jamieson et al.
and Liu and Edye used the QNOTE-instrument to measure
their outcome [11, 12, 27], while Bruylands et al. used the
Q-DIO-instrument [10, 28]. All other studies did not use any
validated instrument to measure their outcomes. Moreover,
several studies did not define their outcomes [16, 19, 24], or
did so only superficially [21]. None of the studies followed
a theoretical framework.
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Table 3 Key Results

Authors Outcome Key Result Effect
Al Muallem et al. [21] Completeness, Electronic documentation significantly improved completeness ~ +
Legibility (»<0.001) and legibility (p <0.001)
Barritt et al. [13] Guideline adherence Electronic documentation significantly improved guideline +
adherence (p <0.01)
Bell et al. [18] Guideline adherence Electronic documentation significantly improved guideline +
adherence (p <0.05)

Boo et al. [16]

Bruylands et al. [10]
Choi et al. [22]

Coffey et al. [23]

Hampe et al. [14]
Jamieson et al. [11]

Jang et al. [15]

Liu and Edye [12]

Lucas et al. [24]

McCamley et al. [25]

Montagna et al. [19]

Thoroddsen et al. [26]

Yadav et al. [17]

Zargaran et al. [20]

Volume of documentation

Standardized Nursing Language
Guideline adherence
Completeness

Guideline adherence

Quality of documentation,

Volume of documentation

Completeness

Quality of documentation

Structured documentation

Completeness, Legibility

Volume of documentation, Accuracy

Completeness, Standardized nursing language

Completeness, Accuracy, Inaccuracy, Volume
of Documentation

Completeness

Electronic documentation did not change volume of ~
documentation in chief complaint and present illness measured
by normalized bytes. When measured by number of words,
volume of documentation in chief complaint did not change,
while volume of documentation in present illness decreased
(p<0.03)

Electronic documentation showed higher rates of standardized +
nursing language

Electronic documentation significantly improved guideline +
adherence (p <0.001)

Electronic documentation significantly improved completeness
in 5 out of 11 elements (p <0.001 & p <0.05) but significantly
worsened completeness in 1 out of 11 elements (p <0.001)

1]

Electronic documentation improved guideline adherence +

Electronic documentation significantly improved quality of ~
documentation (p <0.0001) but free-text subsections were
significantly longer (p <0.0001)

Electronic documentation significantly improved overall

completeness (p <0.01) but only in the automatically, not in
the manually documented items

1

Electronic documentation significantly improved quality of +
documentation (p=0.001)
Electronic documentation significantly improved usage of +

structured documentation in 18 of 20 information fields
(»<0.05)

Electronic documentation significantly improved legibility +
(»<0.001) and completeness (p <0.01)

Electronic documentation improved accuracy but was longer. ~
Documentation style changed from a narrative first-person
style to a list of events, including time and place

Electronic documentation showed significantly higher rates +
of standardized nursing language (p <0.001) and improved
completeness

Electronic documentation showed a significantly higher rate
of inaccuracy (p <0.001) with higher rate of completeness
(p<0.001). Electronic documentation was significantly longer
(»<0.001)

Electronic documentation significantly improved completion +
in admission notes, operative notes, and discharge summaries
(for all comparisons, p<0.001)

1]

Discussion

The database search identified 264 studies of which 17
met the inclusion criteria. The majority of those showed
improved documentation after the introduction of the EPR.
Although none of the studies followed a theoretical frame-
work, there are certainly several more general frameworks
that might have suited after an adaption to the topic. A

framework for data quality in medical research was pre-
sented [8], originally targeting registry data and cohort
studies. This framework classifies a total of 51 items into
the quality model according to Donabedian [29], with the
underlying dimensions of structure, process, and outcome
quality that also fits to the present research question. This
means, for example, that the outcome “standardized nurs-
ing language” could be assigned to the framework’s item

@ Springer
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Table4 MMAT Ratings

Authors Mixed Methods

Study

Qualitative
Study

Quanti-tative
Descriptive Study

MMAT-
Score

Non-Rando-mized Rando-mized
Study Controlled Study

Al Muallem et al. [21]

Barritt et al. [13]

Bell et al. [18]

Boo et al. [16]

Bruylands et al. [10] O
Choi et al. [22]

Coffey et al. [23]

Hampe et al. [14] O
Jamieson et al. [11]

Jang et al. [15]

Liu et al. [12]

Lucas et al. [24]

McCamley et al. [25]

Montagna et al. [19] (0]

Thoroddsen et al. [26]

Yadav et al. [17]

Zargaran et al. [20]

O steokskok
O ok
(0] steokoskok
(o) sfeskskok
skok

ok

o O

sfeskoskokosk
ok

O sfeskoskokosk
sfeskoskokosk

sfeskoskokosk

© o0 0o O

o
%
¥
%
%
¥

"values from standards" (proportion of values that cor-
respond to terms from controlled vocabularies) and thus
be assigned to the dimension structural quality. The clas-
sification of all outcomes shows that five out of 17 studies
have examined structure quality and 13 out of 17 studies
outcome quality. The used instruments were not classified
as they attempted to cover multiple dimensions [27, 28].
EPRs provide the possibility to automatically fill fields
with information that are collected from other digital
sources. This was seen in the study by Jang et al. where
electronic documentation significantly improved only the
automatically documented items but not the manually docu-
mented items [15]. EPRs also provide mandatory fields that
need to be filled before the record can be closed. Zargaran
et al. assumed that higher rates of completeness which they
found were mainly reached with mandatory entries in the
EPR before the record can be closed [20]. Depending on the
mechanism that determines the change in documentation,
the literature shows different implications for practitioners.
On the one hand, increased documentation effort is conceiv-
able through the use of features such as pop-ups, mandatory
fields, etc. On the other hand, there might be improved docu-
mentation with the same or even reduced documentation
effort due to automatically filled fields and optimized layout
[30]. Montagna et al. also described a general change in
documentation format from a continuous text towards a clear
list of events showing that the introduction of the EPR is also
a possibility to shape the structure of documentation [19].
This gives the opportunity to involve practitioners, as they
have important insight into how to reduce documentation

@ Springer

burdens, as a recent study showed [31]. Overall, the EPR
appears to improve documentation while it remains unclear
whether this change will come at the cost of an additional
burden on practitioners.

When talking about improved documentation, the inter-
pretation of the presented results and outcomes is often
ambiguous. For example, it is not clarified, whether the
outcome volume of documentation evaluates length of
documentation only or also takes information density into
account. Therefore, a lengthening documentation is not
necessarily to be evaluated negatively, if at the same time
completeness increases and vice versa. Moreover, regard-
ing the frequently analyzed outcome guideline adherence,
it remains unclear whether the improvements are due to a
mere change in documentation or whether the actual treat-
ment has changed due to the introduction of the EPR and is
more guideline-compliant thereafter. This could be the case
if the EPR conveys guideline information or offers clini-
cal decision support based on guidelines or care might have
delivered but was not documented before the introduction
and is now forced to be documented with mandatory fields.

A challenge of this review was the heterogeneity of the
setting, outcomes, and the lack of the outcome definitions
in some studies. However, the differently shaped setting and
variety of outcomes gives a wide overview of the different
applications of the EPR and how documentation changes in
different views. Moreover, except for Zargaran et al. from
South Africa [20], which is an upper middle income coun-
try [32], no studies from low- or middle-income countries
were found, making it challenging to compare or transfer
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Fig.1 PRISMA 2009 Flow =
Diagram ° Records identified through Additional records identified
ﬁ database searching: through other sources
= PubMed (n = 144) Citing (n = 3)
g Web of Science (n = 198) Cited by (n=0)
o CINAHL (n = 65)
—
— \ 4
Records after duplicates removed
(n=264)
8o
£
; !
7]
5 Records excluded (N = 12)
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(n=264) No documentation (n = 4)
Missing empirical data (n = 5)
() v
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eligibility no documentation (n = 46)
Z (n = 252) \ setting (n = 34)
= no transition (n = 85)
= $ missing empirical data (n = 24)
w . other (n=7)
Fulltext articles assessed
for eligibility
(n=56)
—
Fulltexts excluded (N = 39)
no access to fulltext (n = 2)
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no documentation (n = 20)
= v L -
7] missing empirical data (n=1)
3 Studies included in missing peer review (n = 2)
e qualitative synthesis no transition (n = 8)
- (n=17) language (n=1)

[

the results into all healthcare systems worldwide. A com-
mon difficulty is also the probability of a present publica-
tion bias. Publication bias was not assessed in this review
but since it is conceivable that the analyzation of records is
carried out internally and published afterwards, the risk of
negative effects not being published is probably high. The
fact that none of the included studies showed an exclusively
negative effect underlines a suspected publication bias. The
results must be interpreted with caution, since the MMAT
rating proved low scores in several studies, meaning that the
methodological standards in those studies imply a high risk
of bias. It is important to highlight that of the five studies
with the maximum MMAT score, implying only a small risk
of bias, Jamieson et al., Yadav et al. and Coffey et al. show
only mixed effects [11, 17, 23] and Jang et al. only a partially
positive effect [15]. On the other hand, in those studies with
lower MMAT ratings, only one showed a mixed effect [19]
while the remaining seven studies all proved a solely positive
effect. This shows that all but one effect that were not solely
positive were proved in the studies with high methodological
standards. Therefore it has to be underlined that a bias in the
studies with low MMAT scores should be considered. In the
matter of evidence there is only one randomized controlled
trial [11].

There are some limitations of the present review that must
be stated. Although the searched databases were carefully
selected based on their topic and range, important results
in other databases may still have been missed. Moreover,
only studies from the last ten years were included. Never-
theless, some studies might have addressed the topic of this
review, which were published before 2010 and could still
be valid today. This could be an important aspect, as some
healthcare systems are already highly digitized and thereby
a lot of research might have been conducted before 2010.
On the other hand, the results of this review generate evi-
dence regarding the analyzation of change in documentation
through EPRs of the current state of the art.

Due to the ongoing digital transformation of the health-
care systems worldwide, it is expected that many hospitals
will continue to implement new EPRs or adapt existing
EPRs in the future. Each of these episodes of organizational
change offers the opportunity to customize the structure of
the record in terms of what is documented where and how.
This results in the possibility of optimizing documentation
regarding treatment quality or billing purposes on the one
hand. On the other hand, documenting itself could be made
as non-stressful as possible for the healthcare professionals.
To make this process efficient, a systematic analysis of the

@ Springer
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change in documentation is essential. Healthcare profes-
sionals should use the existing validated instruments to pro-
duce comparable results. Also, future research should aim
at developing further, more specific instruments to make it
as easy as possible for practitioners to systematically collect
data and publish results. This allows growing evidence on
how to design documentation in the best way for all parties
involved.
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