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Abstract

Background: In healthcare there is a call to provide cost-efficient and safe care. This can be achieved through
evidence-based practice (EBP), defined as the use of evidence from research, context, patient preferences, and clinical
expertise. However, the contemporary and process-integrated supply of evidence-based knowledge at the point of
care is a major challenge. An integrative knowledge management system supporting practicing clinical nurses in
their daily work providing evidence-based knowledge at the point of care is required. The aim of this study was (1)

to map standardized and structured nursing interventions classification and evidence on a knowledge platform to
support evidence-based knowledge at the point of care, and (2) to explore the challenge of achieving interoperability
between the source terminology of the nursing interventions classification (LEP Nursing 3) and the target format of
the evidence provided on the knowledge platform (FIT-Nursing Care).

Methods: In an iterative three-round mapping process, three raters, nurses with clinical and nursing informatics or
EBP experience, matched nursing interventions from the LEP Nursing 3 classification and evidence provided from
Cochrane Reviews summarized on FIT-Nursing Care as so-called study synopses. We used a logical mapping method.
We analysed the feasibility using thematic analysis.

Results: In the third and final mapping round, a total of 47.01% (252 of 536) of nursing interventions from LEP
Nursing 3 were mapped to 92.31% (300 of 325) of synopses from FIT-Nursing Care. The interrater reliability of 77.52%
suggests good agreement. The experience from the whole mapping process provides important findings: (1) different
content orientations—because both systems pursue different purposes (content validity), (2) content granularity—
differences regarding the structure and the level of detail in both systems, and (3) operationalization of knowledge.
Conclusion: Mapping of research evidence to nursing classification seems feasible; however, three specific chal-

lenges were identified: different content orientation; content granularity; and operationalization of knowledge. The
next step for this integrative knowledge management system will now be testing at the point of care.
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Background
Healthcare workers are expected to provide the best
possible care for each patient. The growing complex-
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standards and efficiency in nursing practice [1]. Nurs-
ing professionals are legally obligated to make the nurs-
ing process “efficient, appropriate and cost-ffective”
[2]. At the same time, patients expect the use of safe
and effective interventions and avoidance of unneces-
sary therapies. The method of evidence-based practice
(EBP) tries to meet these demands. Evidence-based
practice is important to improve the quality of patient
care, enhance nursing practice, and increase the con-
fidence in decision-making. Integrating evidence into
practice is expected to influence nurses’ perceptions
of integrating scientific evidence into the steps of the
nursing process not as a laborious chore, but as an intu-
itive source of knowledge. The body of evidence-based
knowledge is expanding exponentially. However, the
contemporary and process-integrated supply of evi-
dence-based knowledge at the point of care is a major
challenge. Scientific evidence is often given insufficient
consideration. The reasons for the lack of integration of
scientific findings and the application of EBP are well
known; they include: insufficient EBP knowledge and
skills, lack of EBP mentors and facilitators, percep-
tions that EBP takes too much time, and organizational
cultures and environments that do not support EBP,
but also insufficient time, limited access and financial
resources and a lack of organizational guidelines for
implementing evidence-based care [3].

To address some of the access and time issues, a knowl-
edge management system integrated in the electronic
health record enabling the support of healthcare profes-
sionals in their work by providing evidence-based knowl-
edge at the point of care could be established. Knowledge
management is a broad and multi-faceted topic involving
socio-cultural, organizational, behavioural, and techni-
cal dimensions. The knowledge management framework
by Alavi and Denford is based on the view of organiza-
tions as knowledge systems that include four knowledge
processes: creation, storage and retrieval, transfer, and
application. Knowledge creation refers to the develop-
ment of “new” organizational know-how and capability.
Knowledge storage and retrieval refers to the develop-
ment of organizational memory (i.e., stocks of organiza-
tional knowledge) and the means for accessing its content
[4]. Knowledge transfer takes a source-and-recipient view
[5]. Knowledge application refers to the use of knowledge
for decision-making, problem-solving, and coordination
by individuals and groups in organizations [4]. Integrated
knowledge management has been shown to improve the
knowledge acquisition of nurses, management activi-
ties of decision makers to facilitate sustained and effec-
tive evidence-based practices, and provide easy access to
evidence-based knowledge. To our knowledge no knowl-
edge management system integrated in the electronic
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health record exists so far in healthcare at the point of
care.

In this study, we focused on the electronic knowledge
transfer between codified nursing interventions and evi-
dence-based knowledge to provide practical knowledge
(know-how) through research results [6]. The concept
of interoperability is a way to provide fundamental link-
age, integration, and meaningful use of healthcare data
between systems, organizations, and users [7]. Based
on a structured and standardized nursing interventions
classification, evidence-based nursing knowledge can be
offered locally and timely at the point of care through
mapping. According to the “collect once, use many times”
paradigm [8], standardized and structured nursing inter-
ventions in electronic documentation enable the reuse of
data from the nursing process for multiple purposes such
as direct access at the point of care to practical knowl-
edge within the context of knowledge management (e.g.,
guidelines, quality standards).

As a nursing interventions classification, we used LEP
Nursing 3 (LEP = Leistungserfassung in der Pflege, “doc-
umentation of nursing activities”; i.e., nursing workload
measurement). LEP Nursing 3 is used in the electronic
health record and allows statistical evaluations of nursing
data [9].

For evidence-based knowledge, we used synopsis of
Cochrane reviews from FIT-Nursing Care. FIT-Nursing
Care is a digital platform that summarizes and critically
evaluates international research knowledge in nursing
and makes it available in German [10].

The lack of ability to transfer knowledge to the point of
care is a key detriment for healthcare organizations’ reali-
zation of the full value of their knowledge assets. The aim
of this study was:

1. to map a standardized and structured nursing inter-
ventions classification and a knowledge management
system to support evidence-based knowledge at the
point of care, and

2. to explore the challenge of semantic interoperabil-
ity when mapping between LEP Nursing 3 and FIT-
Nursing Care Cochrane Review synopses.

Methods

Mapping process

We chose a logical mapping method. This is a mapping
method designed to match a specific FIT synopsis (target
system) with the corresponding terminology of the nurs-
ing interventions classification LEP Nursing 3 (source
system) based on a logical combination. The term and
definition of intervention was examined to see whether it
captured the meaning of the FIT synopsis (logical match).
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The source system of this mapping, LEP Nursing 3, is
currently being used in the electronic medical records in
over 800 healthcare organizations in Germany, Austria,
and Switzerland. It allows structured care planning and
documentation (primary use) and statistical evaluations
of nursing data (secondary use), together with nursing
workload measurements [9]. LEP Nursing 3 is semanti-
cally based on the International Classification for Nurs-
ing Practice (ICNP) [11] and is structured according to
ISO 18104:2014 [12]. The LEP categories for the ser-
vices provided by healthcare professionals are arranged
according to hierarchical criteria based on levels in a
monohierarchical structure. Four service types are dis-
tinguished: (1) main service group; (2) service group;
(3) service subgroup, and (4) nursing interventions. For
example, multiple interventions are merged into a sin-
gle service subgroup, or multiple service subgroups are
merged into a single service group [9].

The target system, FIT-Nursing Care, offers nurses
access to translated international scientific study synop-
sis from Cochrane Reviews, for example, refers to (inter)
national guidelines, and performs literature searches to
answer clinical questions from different institutions. The
aim of FIT-Nursing Care is to promote evidence-based
practice amongst nurses in a variety of settings and to
provide healthcare professionals with evidence-based
information as a basis for their decision-making in prac-
tice [10].

For the mapping, three raters—nurses with clinical
and LEP or FIT-Nursing Care expert knowledge—were
recruited. First, a training session was held to brief the
raters on the mapping method. The first mapping round
consisted of Rater A (RR) and Rater B (CS), the second
mapping round of Rater B (CS) and Rater C (SH), and
the third mapping round of Rater A (RR) and Rater C
(SH). The mapping lasted from September 2018 to Feb-
ruary 2020. The raters matched a total of 536 LEP nurs-
ing interventions to 325 FIT synopses from Cochrane
Reviews (see Table 1).

To ensure consistency with mappings, uncertainties
concerning special mapping rules were discussed and
solved after mapping round 1 and mapping round 2. The
resulting discrepancies, e.g. the different mapping result
between nine nursing interventions (Performing mobil-
ity training, Dispensing guidance/instruction, Dispensing

Table 1 Raters and dates for each mapping round

Rater 1 Rater 2 Date
Mapping Round 1 A B September 2018
Mapping Round 2 B November 2019
Mapping Round 3 A C February 2020
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advice, Dispensing advice on adherence/compliance, Dis-
pensing information, Executing telephonic consultation,
Conducting a feedback discussion, Conducting a motiva-
tional discussion, Implementing behaviour training) to
FIT synopsis (Promoting patient uptake and adherence
in cardiac rehabilitation) were clarified in a subsequent
consensus process by consulting a nurse with FIT-Nurs-
ing Care expert knowledge.

Intra- and interrater reliability

All mapping rounds were recorded in an access database
and were analysed using R statistics [13]. As the mapping
of LEP to FIT includes 1:n matches, interrater reliability
was assessed using a specific defined metric. The metric
for each mapped concept ranged from 0 (no match) to 1
(full match). The following scores were assigned: (a) In
the case of identical mapping, including the cases where
the rater did not find a mapping, the agreement score
was set to 1; (b) in cases of partial agreement or in the
case where one rater did not find a mapping but the other
rater did, a score of 0.5 points was assigned; and (c) if the
ratings were completely distinct, O points were assigned.
Intra- and interrater reliability were defined as the aver-
age of these scores.

Identified challenges of semantic interoperability
Discussions regarding the mapping rules and the con-
sensus process were collected according to the method
of an unstructured observation in which a researcher
(RR) took field notes. After structuring the field notes,
they were analysed according to the method of thematic
analysis [14]. A researcher (RR) systematically coded the
qualitative data using a coding manual. Two research-
ers (RR, SH) reviewed, defined, and named themes and
reported the code categories [15]. The process was docu-
mented and the results were determined by consensus by
the research team (RR, SH, JV, DB).

Results

Mapping results, intra- and interrater reliability

A total of 52.8% (283/536), 45.5% (244/536), and 47.0%
(252/536) of the LEP Nursing 3 interventions could be
matched to 96.0% (312/325), 94.5% (307/325), and 92.3%
(300/325) of the FIT synopses. In the consensus, 33.6%
(180/536) of the LEP Nursing 3 interventions could be
mapped to 78.2% (254/325) of the FIT synopses (see
Table 2).

The frequency of assignment of LEP Nursing 3 inter-
ventions to FIT synopses are highly variable. For example,
while 72.7% (24/33) interventions in the service group
Medication could be mapped, no nursing interventions
could be mapped from the service group Chaperoning/
support. In the LEP Nursing 3 service group Nutrition 1.8



Ranegger et al. BMC Medical Informatics and Decision Making

Table 2 Matched LEP nursing interventions and FIT synopses
per mapping round

Matched LEP Nursing3  Matched FIT

Interventions Synopses
Mapping Round 1 283/536 52.80% 312/325 96.00%
Mapping Round 2 244/536 45.52% 307/325 94.46%
Mapping Round 3 252/536 47.01% 300/325 92.31%
Consensus 180/536 33.58% 254/325 78.15%

FIT synopses could be mached per intervention, while
in the LEP Nursing 3 service group Education/dialogue
8.7 FIT synopses could be mached per intervention (see
Table 3).

Table 4 gives an overview of the distribution of the
number of FIT synopses per LEP nursing intervention.
Around 100 LEP nursing interventions could be matched
exactly to one FIT synopsis (1:1 match). For example,
the nursing intervention “Performing bladder irrigation”
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corresponds exactly to the FIT synopsis ‘“Irrigation
methods of long urinary catheters in adults” [16]. About
150 LEP nursing interventions have a 1:n relation rang-
ing from 1:2 to 1:>20. In the consensus, six LEP nurs-
ing interventions were assigned to more than 20 FIT
synopses.

Figure 1 shows as an example of an extract from the
mapping between the LEP nursing intervention “Per-
forming respiratory training” as source format to two FIT
synopses “Breathing exercises for adults with asthma”
[17] and “Respiratory muscle training for cystic fibrosis
[18] as target format.

The agreement between the raters per round, con-
sidering all LEP nursing interventions (n=536), was
71.7%. Table 5 shows the interrater reliability. At 77.4%,
the agreement was particularly high in mapping round 3
between Rater A and Rater C. If LEP interventions with-
out assignment were excluded, the agreement dropped to
around 40%. Agreement was particularly high (50.4%) in
round 3 and particularly low (28.6%) in round 1.

»

Table 3 14 LEP Nursing 3 service groups, interventions per service group, matched interventions per service group, matched FIT
synopses, and average matched FIT synopses per LEP Nursing 3 service group

LEP Nursing 3—service groups Interventions per service Matched interventions per Matched FIT Average
group service group synopses matched FIT
synopses
Movement 49 22 44.90% 106 4.8
Personal care/dressing 43 10 23.26% 14 14
Nutrition 17 12 70.59% 22 1.8
Excretion 30 7 2333% 25 3.6
Respiration/circulatory system 18 4 22.22% 7 1.8
Education/dialogue 32 21 65.63% 183 8.7
Activity 40 15 37.50% 114 7.6
Chaperoning/support 12 0 0.00% 0 0
Safety 85 24 28.24% 43 1.8
Laboratory testing 34 4 11.76% 5 13
Medication 33 24 72.73% 105 44
Treatment 105 29 27.62% 102 35
Review 12 6 50.00% 16 2.7
Documentation/organisation 26 2 7.69% 3 1.5
Total 536 180 745
Table 4 Distribution of the number of FIT synopses per LEP nursing intervention
Total LEP Nursing No match 1:1 match 1:n match 2-5 6-10 11-15 16-20 >20
Interventions
Mapping Round 1 536 253 96 187 110 28 21 12 16
Mapping Round 2 536 292 95 149 88 24 13 10 14
Mapping Round 3 536 284 99 153 96 27 14 5 11
Consensus 536 356 72 108 74 22 4 2 6
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“Performing respiration
training”’

Breathing exercises for adults with asthma

Respiratory muscle training for cystic fibrosis

Fig. 1 Extract from the mapping between the LEP nursing intervention “Performing respiratory training” and two FIT synopses

Table 5 Interrater reliability by 3 raters and 3 mapping rounds (columns 1-3: including 536 LEP nursing interventions; columns 4-6

excluding LEP nursing intervention without assignment)

Interrater reliability (including all 536 LEP nursing interventions)

Round 1 Round 2 Round 3

Interrater reliability (excluding LEP nursing intervention without
assignment)

Round 1 Round 2 Round 3

(334/536) 62.31% (405/536) 75.55% (415/536) 77.42%

(81/283) 28.62% (102/233) 43.77% (123/244) 50.40%

Identified challenges
During the mapping, we identified potential challenges to
semantic interoperability within the content perspective:

Different content orientations

The mapping provided important findings for further
content development for both systems, i.e,, LEP nurs-
ing interventions and FIT-Nursing Care synopses. For
example, phytotherapy, telenursing, and family nursing
are tasks that may become more important in nursing in
the future. Missing LEP nursing interventions related to
these topics indicate a need for evaluation as part of the
systematic LEP release management and, depending on
the result, interventions are integrated into the new ver-
sion according to the classification principle. Topics such
as pregnancy or quitting smoking are relatively overrep-
resented in FIT-Nursing Care. Topics such as oncological
care, palliative care, delirium/dementia, and psychiatric
care were underrepresented or not represented at all. The
mapping process also raised the question of which nurs-
ing interventions require evidence-based explanations.
For example, the nursing intervention “Performing a full
body wash” could not be assigned to any FIT synopsis.

Content granularity

During the mapping process, we observed differences
regarding the structure and the level of detail in both
systems. While some LEP interventions have a high
degree of aggregation, such as “Preparing/adapting aux-
iliary aids’, the linked FIT synopsis “Hip protectors for
preventing hip fractures in older people” is very detailed.
Conversely, other LEP interventions have a high level
of detail. For example, the nursing intervention “Pro-
viding advice on diabetes management” is very detailed

in the sense of a nursing intervention. In contrast, the
linked FIT synopsis “Education programmes for people
with diabetic kidney disease” is aggregated regarding the
intervention (education programme), but very specific in
connection with the status picture (people with diabetic
kidney disease). Therefore, it was sometimes unclear
whether the described intervention of the FIT synopses
corresponded exactly to the LEP intervention and vice
versa making it difficult at times to clearly match LEP
interventions to FIT synopses.

Operationalization of knowledge

Certain topics, such as pregnancy or smoking cessation,
are overrepresented, while other topics were underrep-
resented (e.g., oncological care, palliative care, delirium/
dementia, psychiatric care). Furthermore, it was found
that some synopses focus on a medium (e.g., telephone),
concepts (e.g., Case management approaches to home
support for people with dementia) or organization-spe-
cific factors (e.g., Admission avoidance hospital at home)
rather than the actual nursing interventions. Telephonic
consultation, telemonitoring or case management poten-
tially could be interpreted as a nursing intervention that
is part of clinical care post-discharge. Concepts describe
nursing interventions according to ISO 18104:2014. Con-
sequently, these synopses often could not be mapped to a
nursing intervention.

Discussion

The aim was to map nursing interventions classification
(LEP Nursing 3) and synopses on a knowledge platform
(FIT-Nursing Care) to support evidence-based knowl-
edge at the point of care and to explore the challenge of
achieving interoperability between those two systems.
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We were able to map a total of 47.01% of nursing inter-
ventions from LEP Nursing 3 to 92.31% of synopses from
FIT-Nursing. Most of the interventions could be mapped
to FIT synopses in the LEP Nursing 3 service group Med-
ication, Nutrition, and Education/dialogue. In the ser-
vice group Education/dialogue, there could be mached
8.7 FIT synopses per intervention. This high proportion
could be related to the fact, that empowerment issues
have recently gained a lot of attention in many countries.

Our study provided an initial basis for the implemen-
tation of an integrative knowledge management system
based on LEP Nursing 3 and FIT-Nursing Care; however,
some challenges need to be addressed. Challenges which
were encountered during the mapping process included:
the different content orientations, differences in terms
of structure and level of detail in both systems, and
operationalization of knowledge.

Given the need to provide evidence-based knowledge
at the point of care, establishing an integrative knowledge
management system is important for the further devel-
opment of healthcare professionals. The mapping based
on LEP Nursing and FIT-Nursing Care built a solid base
to test the feasibility of an integrative knowledge manage-
ment system to provide evidence-based knowledge at the
point of care. We know from studies [e.g. 19] that gaps
continue to exist between what is known and what is
done in practice. Nurses often cited the lack of time and
knowledge as main factors that keep them from using
evidence-based practice at the point of care. Having a
knowledge system at the point of care could reduce these
barriers. The proposed mapping would allow future soft-
ware applications to obtain easy access to evidence-based
knowledge (know-how) in the care plan based on a nurs-
ing intervention. An integrative knowledge management
system should focus not only on the technique’s know-
how but also on “know-why” and “know-what” [20]. The
mapping currently does not consider these two compo-
nents of knowledge (know-why, know-what), but we are
considering developing such a project after a first feasi-
bility study in a clinical setting.

Two thirds of the LEP Nursing 3 interventions could
not be mapped to FIT synopses. These included nurs-
ing interventions which were not contained in FIT syn-
opses. It is questionable if this is an actual research gap
or whether there is no need to test such interventions
in research studies. Due to the different development-
related target orientations of the two systems, we
reported a different content granularity. Therefore, a
clear assignment of the nursing interventions to the FIT
synopses was not always possible and some LEP inter-
ventions were linked to over 20 FIT synopses.

In addition, the over- and underrepresentation of cer-
tain topics, as well as synopses that focus on the medium
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instead of the intervention, further complicated the
mapping process. Regarding the further development of
the content of FIT-Nursing Care, the utility and use of
Cochrane Reviews which focus on the media or organi-
zation specific factors rather than the actual nursing
interventions should be discussed. Such synopses seem
particularly useful for professionals involved in the devel-
opment of healthcare services. However, with regard to
everyday nursing care, the focus of FIT synopses should
be on nursing interventions in the future.

Cochrane Reviews were chosen for this mapping pro-
cess because they are currently considered the gold
standard and because they also receive updates from
time to time. This aspect is central to ensuring that the
evidence is up to date. Nevertheless, the mapping pro-
cess showed that the high level of detail of the Cochrane
Reviews sometimes makes it difficult to clearly assign
evidence to nursing interventions and that the restric-
tion to Cochrane Reviews reduces the pool of evidence
accordingly.

An ongoing expansion of the evidence in the system
can be undertaken, for example, by targeted screening for
relevant studies; for this purpose, inclusion or exclusion
criteria must be established and the potential gaps in the
data base must be known. Semi(automatically) supported
screening can also be helpful here. Future work is still
needed to determine what steps can be taken to expand
the data base, include studies with specific interventions,
and also keep the evidence up to date.

Before testing the mapping in a feasibility study, the
mapping should be reviewed by practitioners to iden-
tify evidence which is relevant for practice and reduce
the linkages. We also could do a needs assessment with
nurses to ask, what they would actually need from an
informatics and decision-making perspective at the point
of care. A further challenge was the time needed to map
the synopses manually to the LEP interventions. Before
implementation into practice, it would need to be estab-
lished how the evidence body can be expanded and kept
up to date without manually spending hours on updating
the evidence for each intervention. Automated terminol-
ogy mapping approaches could be used in future studies
to increase the list of possible matches. Multiple map-
ping methods such as automated terminology mapping
approaches could support the rate of equivalence [21].

Strengths and limitations

Overall, our mapping created a theoretical basis to estab-
lish an integrative knowledge management system, even
if the study has some limitations: First, the mapping was
carried out theoretically by experts and there are many
1:n mappings. Therefore, we do not know whether the
available mapping results cover the actual knowledge
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need of nursing practice. Second, the interrater and int-
rarater reliability in this study is moderate. While inter-
rater and intrarater reliability is an important element in
reliability testing of an instrument, it should be noted that
this is only one of several indicators. Another indicator,
for example, is the validity testing [22]. However, in our
context, the reliability test evaluated the objectivity and
the stability of the mapping. This means that the mapping
decisions were entirely dependent on the researchers.
However, a test phase will answer questions regarding
the objectivity, reliability, practicality, and applicability of
this mapping. A further limitation was that only a subse-
lection of FIT synopses (n=325) was mapped to the LEP
interventions. Therefore, we cannot draw a conclusion on
missing evidence as such. However, it provides a basis for
the selection of reviews where evidence was lacking so
far.

Conclusions

The results of this study have highlighted a way in
which evidence-based knowledge could be made acces-
sible mapped to nursing interventions at the point of
care. This is an important finding to create the basis for
a knowledge management system integrated in an elec-
tronic health record. As a next step, this proposed map-
ping needs to be implemented in a software application.
Thus, it could be tested in a clinical setting before being
introduced in nursing practice. The testing will also show
whether the mapping can adequately support nurses in
daily nursing interventions or if additional information
elements such as nursing assessments, nursing diagno-
ses, or medical diagnoses need to be considered in future
mappings. The key question is the feasibility of this inte-
grative knowledge management system.

Implications for nursing practice

This knowledge management system, integrated within
an electronic health record, could support clinical deci-
sion making and optimize patient outcomes. It may help
nurses select and implement appropriate, evidence-based
interventions at the point of care.
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