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Abstract

Background: Continuous monitoring using wireless wearable sensors is a promising solution for use in clinical prac-
tice and in the home setting. It is important to involve nurses to ensure successful implementation. This paper aims to
provide an overview of 1) factors affecting implementation of continuous monitoring using wireless wearable sensors
by evaluating nurses’ experiences with its use on the nursing ward, and 2) nurses’ expectations for use in the home
setting.

Methods: Semi-structured interviews were conducted with 16 nurses from three teaching hospitals in the Neth-
erlands, covering constructs from the Consolidated Framework for Implementation Research (CFIR). A deductive
approach of directed content analysis was applied. One additional factor was added using the Unified Theory for
Acceptance of Technology (UTAUT). The quotes and domains were rated on valence (positive, neutral, negative) and
strength (strong: — 2, + 2, neutral 0, and weak: — 1, + 1).

Results: Data was collected on 27 CFIR constructs and 1 UTAUT construct. In the experience of at least 8 nurses, five
constructs had a strong positive influence on implementation on the nursing ward, including relative advantage (e.g.,
early detection of deterioration), patient needs and resources (e.g. feeling safe), networks and communications (e.g.
execute tasks together), personal attributes (e.g. experience with intervention), and implementation leaders (e.g.,
project leader). Five constructs had a strong negative influence: evidence strength and quality (e.g. lack of evidence
from practical experience), complexity (e.g. number of process steps), design quality and packaging (e.g., bad sen-
sor quality), compatibility (e.g, change in work) and facilitating conditions (e.g, Wi-Fi connection). Nurses expected
continuous monitoring in the home setting to be hindered by compatibility with work processes and to be facilitated
by staff's access to information. Technical facilitating conditions (e.g. interoperability) were suggested to be beneficial
for further development.

Conclusions: This paper provides an overview, of factors influencing implementation of continuous monitoring
including relative importance, based on nurses’ experiences with use on nursing wards, and their perspectives for use

*Correspondence: w.h.vanharten@utwente.nl

'Carine J. M. Doggen and Wim H. van Harten contributed equally to this
work.

2 Department of Health Technology and Services Research, Techmed
Centre, University of Twente, Drienerlolaan 5, Enschede, the Netherlands
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-9580-0489
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12912-022-00832-2&domain=pdf

Kooij et al. BMC Nursing (2022) 21:53

Page 2 of 13

in the home setting. Implementation of continuous monitoring is affected by a wide range of factors. This overview

may be used as a guideline for future implementations.

Keywords: Continuous monitoring, Wireless technology, Nurses

Background

Patients’ vital signs are monitored during hospitaliza-
tion to detect clinical deterioration. Vital signs are moni-
tored continuously on Intensive Care Units (ICU), while
patients on clinical wards are generally monitored inter-
mittently [1, 2], often every 4 [3], or 6 to 8h [2]. Several
parameters are measured during these routine observa-
tions including heart rate, respiratory rate and blood
pressure. Nursing staff usually conducts these measure-
ments in person, which can be time consuming [2]. A
Modified Early Warning Score (MEWS), a scoring system
incorporating all intermittent measurements and other
observations, is often used to facilitate detection of clini-
cal deterioration on nursing wards [4].

Continuous monitoring of vital signs using wireless
wearable sensors in nursing wards is a promising solu-
tion and may lead to earlier detection of deterioration in
patients [5], early interventions [6], reduction in length
of stay, and fewer ICU days [2]. It may also contribute
to patient safety [7], improve patient mobility [7], and
reduce workload for nurses [8]. Many different wear-
able sensors are available [1]. Some provide functional-
ity similar to that of monitors on the Intensive Care Unit.
These tend to be cumbersome devices. Other sensors
measure a limited number of vital signs, such as heart
rate and respiratory rate, but come in more manageable
forms, such as adhesive patches that can be attached to a
patient’s chest. These are more suitable for monitoring on
the nursing ward, and may also be suitable for use in the
home setting [9]. The implementation and use of these
sensors is likely to affect hospital staff and their work.
Therefore, the involvement of nursing staff, who are often
responsible for the monitoring of patients, is essential for
successful implementation in clinical practice [3, 5].

Implementation of technology such as continuous
monitoring in clinical practice is a complex process
[10-12], which can be affected by technical, social and
organizational factors [12, 13]. It is valuable to engage
stakeholders throughout the whole process, including
development and evaluation [10]. When stakeholders
are not involved in the implementation process, this has
been found to be a barrier for implementation [3]. There-
fore it is important to obtain their input [14]. Previous
studies found that nurses are positive about the possible
benefits of continuous monitoring, such as signaling early
deterioration, but they also see disadvantages, for exam-
ple less patient contact [15] and technical issues [16].

Recent evidence on the use of wireless sensors in daily
clinical practice is limited [3]. Some positive and negative
factors affecting implementation of continuous monitor-
ing with wireless wearable sensors were reported in pre-
vious studies [3, 9, 15]. However, systematic information
on the relative importance of a broad range of factors
affecting implementation, especially from the perspective
of nurses, is limited. Also, there is a lack of insight into
nurses’ expectations regarding future developments in
continuous monitoring using these sensors in the home
setting, and how this could change nurses’ roles.

The aim of this paper is to provide an overview of 1)
factors affecting implementation of continuous monitor-
ing using wireless wearable sensors by evaluating nurses’
experiences with its use on the clinical ward, and of 2)
nurses’ expectations for its use in the home setting.

Methods

Sampling procedure and participants

We conducted a qualitative study, with a generic
approach [17]. Hospitals in the Netherlands where con-
tinuous monitoring with wireless wearable sensors was
used, further referred to as continuous monitoring, were
selected using purposive sampling. In total, 3 teaching
hospitals were included, through the authors’ network.
Department heads or managers in the hospitals were
approached by e-mail or telephone to invite hospital
nurses to participate in the study. The criterion was that
the nurses had been involved in continuous monitor-
ing using sensors on the nursing ward. Semi-structured
interviews were scheduled individually with the nurses
who agreed to participate in the study. No preparation
was requested.

Data collection procedure

The content of the semi-structured interviews was based
on the Consolidated Framework for Implementation
Research (CFIR). This framework describes constructs
organized in 5 domains: 1) Intervention Characteris-
tics, e.g. evidence strength & quality and complexity, 2)
Outer Setting, e.g. cosmopolitanism and patient needs
& resources, 3) Inner Setting, e.g. compatibility and
networks & communication, 4) Characteristics of Indi-
viduals, e.g. knowledge & beliefs and other personal
attributes, and 5) Process, e.g. champions and reflecting
& evaluating [11]. The interview guide can be found in
Additional file 1.
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The interviews were conducted by the first author
(LK). At the start of the interview, all respondents were
informed about the purpose of the interview, and verbal
consent for audio recording was obtained. Demographic
data on sex, age, and work experience were collected at
the start of the interview. The 10 interviews in the first
hospital were conducted face-to-face in a room on the
nursing ward with only the respondent and interviewer
present. The other interviews, 3 interviews in two hospi-
tals each, were conducted by telephone due to COVID-
19 circumstances. The interviews lasted 31.5min (range
19-44min) on average. Data were collected between
December 2019 and July 2020. Ethical approval for this
study was asked for and waived by the Medical Research
Ethics Committee Arnhem-Nijmegen (registration
2019-5489). The study fell outside the remit of the law
for Medical Research Involving Human Subjects Act and
was approved by the local ethical committee.

Data analysis

The first author (LK) transcribed all interviews verbatim.
Transcripts were anonymized and not returned to the
participants. The first two authors (LK, GMP) indepen-
dently selected text fragments (‘quotes’) and coded all
interviews using Atlas.ti version 8. If quotes did not fit in
the CFIR framework, the Unified Theory of Acceptance
and Use of Technology (UTAUT) was used for other spe-
cific technological aspects, in particular facilitating con-
ditions [18]. A deductive approach of directed content
analysis [19] was applied. Although we did not develop
questions for all CFIR constructs, some topics came up
during interviews nonetheless. These topics were coded
to the corresponding CFIR construct.

Subsequently, the first two authors (LK, GMP) rated
the valence and strength of each quote using CFIR crite-
ria (see Additional file 2). The valence could be positive,
negative or neutral. The valence for the total could also
be mixed (both positive and negative). The strength indi-
cated whether a construct had a weak (— 1 or + 1), strong
(—2 or+2), or neutral (0) influence on implementation
[20]. The first two authors rated each CFIR construct on
valence and strength, and a case memo [21] was written
(Additional file 3). Inconsistencies in coding and rating
between the two assessors were resolved through dis-
cussion. If no agreement was reached, a third assessor
(CD) provided adjudication. Saturation of the data was
analyzed (post hoc) and confirmed, indicating that more
interviews would not be likely to lead to additional new
factors. Feedback on the findings was not elicited from
participants. For the reporting of this paper, we used the
COREQ guidelines (Additional file 4). Descriptive statis-
tics, including mean (standard deviation (SD)), number,
and percentages, were analyzed with IBM SPSS V22.0.
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Results

Study population

In total, 16 interviews were conducted with nurses from
three teaching hospitals. Their characteristics are pre-
sented in Table 1.

Intervention

All three hospitals used continuous monitoring on the
nursing ward, though for different patient groups. Hos-
pital 1 used continuous monitoring for bariatric patients
after surgery, Hospital 2 for patients who had under-
gone heart- or heart valve surgery, for clinically unstable
patients, and for vulnerable elderly patients, and Hospital
3 used it for patients with pulmonary, neurological, gas-
trointestinal, and liver diseases. Two out of three hospi-
tals used the Philips Biosensor [22] to measure heart rate
and respiratory rate. The third hospital used a sensor
from SensiumPatch [23] to measure heart rate, respira-
tory rate and temperature. The Philips Biosensor has a
battery life of 4 days, while that of the Sensium Patch is
4-5days.

Experiences with continuous monitoring on the nursing
ward and in the home setting

In total, we selected 1068 quotes covering 27 CFIR con-
structs and 1 UTAUT construct. A total overview of the
rating of all quotes from all respondents can be found
in Additional files 5 (nursing ward) and Additional file 6
(home setting). We quantified the findings, and present
the most prevailing results below.

On the nursing ward, 19 CFIR constructs and 1
UTAUT construct were identified by at least 8 nurses.
Of these, 10 constructs had a positive influence, 5 were
mixed, and 5 had a negative influence on implementa-
tion of continuous monitoring on the nursing ward. In
the home setting, seven constructs were identified by at
least 8 nurses, 2 of which were projected to have a posi-
tive influence, 2 a negative influence, while 3 were mixed.
Constructs that were mentioned by at least 8 (out of 16)
nurses are described below and presented in Table 2.

Table 1 Characteristics of the 16 participating nurses

Characteristics Nurses (N=16)

16 (100)
34.1(11.2), 22-56

Sex, women, n(%)

Age, mean (SD), range (min-max)

Work experience
0-4years 3(
5-9years 4 (
10-14years 4(25
>=15years 5¢(
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Table 2 Continuous monitoring on the nursing ward and expectations for use in the home setting (N=16)

CFIR and UTAUT constructs

Experiences: on the nursing ward

Expectations: use in the home setting

Total rating® Total N nurses (no. of Total rating® Total N
quotes®) nurses (no. of
quotes®)
l. Intervention characteristics
Evidence Strength and Quality -2 14(36) —1 8(18)
Relative advantage +2 15(61) +2 10(16)
Trialability Mixed 8(15) - -
Complexity -2 16(100) NAd NA
Design Quality and Packaging -2 15(39) - -
Il. Outer setting
Patient needs & resources +2 10(25) Mixed 15(44)
lll. Inner setting
Networks & Communications +2 15(32) NA NA
Tension for change +1 13(18) NA NA
Compatibility -2 13(39) -2 16(97)
Relative priority Mixed 16(39) NA NA
Goals and Feedback +1 16(20) NA NA
Learning Climate +1 16(79) NA NA
Available resources Mixed 16(42) Mixed 9(14)
Access to information and knowledge +1 16(48) +2 13(21)
IV. Characteristics of individuals
Knowledge and beliefs Mixed 9(12) Mixed 12(26)
Other personal attributes +2 12(19) NA NA
V. Process
Formally Appointed Internal Implementation +2 10(26) - -
Leaders
Champions +1 14(34) - -
Reflecting and Evaluating Mixed 15(33) - -
UTAUT
Facilitating conditions -2 8(31) - -

2 A minus sign (—) means a negative influence on implementation. A positive sign (+) means

positive influence on implementation.‘Mixed’ means both negative and positive influence on implementation

®In total, 1068 quotes were selected of which 5 quotes were coded to two constructs

¢ —: construct was not mentioned by nurses
9 Not applicable (NA): mentioned by 1-7 nurses

Intervention characteristics
Evidence strength and quality

Experience on the nursing ward This domain refers to
respondents’ practical experiences on the nursing ward
and perceptions of the available evidence (e.g. from use
in practice) for continuous monitoring. Statements about
the importance of evidence strength and quality of con-
tinuous monitoring on the nursing ward were made by
almost all respondents (14/16, 88%), with a strong nega-
tive influence on implementation. Respondents referred
especially to the lack of available evidence to substantiate
the use of continuous monitoring with a limited number

of vital signs, e.g. only heart-rate and respiratory rate,
in their patient population. Gathered evidence based
on practical experiences was also found to be a nega-
tive influence, especially because measurements of vital
signs by the sensor often did not correspond with meas-
urements by another monitoring device used in daily
practice. Technical issues (e.g., system was not working
or not reliable) were also mentioned. Despite a nega-
tive sentiment, two nurses mentioned positive experi-
ences with regards to early detection of deterioration (see
Additional file 5).

“We need to gain trust in the idea that heart rate
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and respiratory rate together provides sufficient
information to conduct interventions. That is still
difficult for me”

Expectations for continuous monitoring in the home set-
ting Half of the nurses (8/16, 50%) were not convinced
that there is enough available evidence for continu-
ous monitoring in the home setting. This was caused by
predominantly negative experiences based on use on
the nursing ward. Additionally, they still need to gain
trust in the system and the new way of working (see
Additional file 6).

“We are not even close to monitoring patients at
home. Even here [on the nursing ward] it has not
worked 100% of the time.”

Relative advantage

Experience on the nursing ward A score of advantages
for continuous monitoring were mentioned by almost
all nurses (15/16, 94%). Advantages included data avail-
ability, patient safety, early discharge, higher turnover,
higher quality of measurements, and support of the clini-
cal view. Early detection of deterioration (12/16, 75%) as
well as time and efficiency (10/16, 63%) were also seen as
advantages. They stated the intervention saves them time
as it eliminated the need for measuring vital signs manu-
ally during routine rounds.

“You have a continuous view on the patient. I think
that is most important, you can detect early deterio-
ration”

Expectations for continuous monitoring in the home set-
ting Nurses (9/16, 56%) foresee a number of advantages
for the use of continuous monitoring in the home setting
including data availability, early discharge, higher turno-
ver or lower cost, early deterioration, time or efficiency
benefits, and patient safety.

“The advantage is that people don’t need to spend
the night here in the hospital. I think this also saves
healthcare costs”

Trialability

Experience on the nursing ward This domain includes
statements on the ability to pilot the intervention. On
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the one hand, conducting a pilot was perceived positively
(3/16, 19%), because the pilot made it possible to gain
experience with continuous monitoring. On the other
hand, it was perceived negatively (3/16, 19%), because the
pilot setting led to additional tasks and duplications in
registration due to the use of multiple systems.

“We conducted a pilot on the nursing ward...1I think
for a certain number of patients. Based on that pilot
we wanted to see if it would be meaningful.”

Complexity

Experience on the nursing ward Complexity refers to the
perceived difficulty of the intervention. All nurses (16/16,
100%) brought up aspects related to the high degree of
complexity of the intervention, and overall complexity
was seen as a (strong) negative influence on implementa-
tion. The negative rating was especially due to the dura-
tion of the intervention (13/16, 81%), perceived difficulty
(8/16, 50%), and the number of procedural steps (8/16,
50%). The duration of the intervention relates to the addi-
tional time involved with using it, for example to attach
and activate the sensor.

“First, we had to open the system, search for the
patient in the system. That will already take approx-
imately 5 minutes, so it takes extra time.”

Design quality and packaging

Experience on the nursing ward The design quality and
packaging includes statements regarding the quality of
the sensor (e.g, flexibility and attachment to the body),
the system (e.g. scanning and connection with sensor)
and data availability (e.g. gaps in data availability). The
majority of the nurses (13/16, 81%) was not satisfied with
the quality of the sensor, for example because of detach-
ment of the sensor from the patient’s body. They were
also not satisfied with the quality of the system (3/16,
19%), and data availability (3/16, 19%). Positive elements
about the quality of the sensor were only mentioned by
a small number of nurses (5/16, 31%). Examples of such
positive elements include good attachment of the sensor
to the body and flexibility of the sensor.

“Our target population was sweating a lot after sur-
gery, and we noticed the sensor would come off...”
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Outer setting
Patient needs and resources

Experience on the nursing ward This construct includes
factors affecting patients as a result of continuous moni-
toring in the nursing ward. This was seen as having a
positive influence on implementation. One third of the
nurses (5/16, 31%) perceived that patients on the nursing
ward felt safer when they were monitored continuously,
and that they were not burdened by the sensor (5/16,
31%). A minority (3/16, 19%) mentioned that the sensor
may be inconvenient for some patients, for example due
to skin irritation.

“There were also patients that felt safe: ‘so you moni-
tor my values 24 hours per day. So even if you are
not in my room, you monitor me. That gave patients

a feeling of safety”

Expectations for continuous monitoring in the home set-
ting 'The majority of the nurses (10/16, 63%) men-
tioned that the intervention can be beneficial for patients
because they can recover in their own home. Although
31% (5/16) of the nurses expect that continuous moni-
toring will make patients feel safe at home, the majority
(10/16, 63%) think that early discharge with continuous
monitoring might also cause patients to feel insecure or
anxious. Adequate patient information is considered an
important facilitator (2/16, 13%).

“I think that people will recover better at home.
I also think they will sleep better in their own bed,
because that is more pleasant”

Inner setting
Networks and communication

Experience on the nursing ward 'This domain includes
nurse preferences for and experiences with communica-
tion about the implementation of the intervention. Most
nurses (10/16, 63%) were positive about executing a task
together with a colleague. They perceived this as a facili-
tating factor to practice the use of the sensor. Nurses
were also positive about both formal communication
(8/16, 50%), such as planned information meetings, and
informal communication (5/16, 31%) with colleagues.

“During the planned meetings we could get together
and share experiences, we also had frequent mail
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contact but the moments together were the most
pleasant”

Tension for change

Experience on the nursing ward Tension for change
encompasses statements on the need to change the cur-
rent situation of monitoring on the nursing ward, such
as the current practice of using MEWS to detect patient
deterioration. Although according to 31% (5/16) chang-
ing the current situation would be beneficial e.g. the
respiratory rate can be measured by a device instead of
manually by nurses, 50% (8/16) did not feel the need to
change the current situation. They were satisfied with the
current monitoring and especially the use of the Modi-
fied Early Warning Score (MEWS).

“These check-ups, the MEWS, are really useful during
acute situations. You can really compare with other check-
ups or with deteriorating patients, so I am used to working
with the MEW'S and I think it is quite nice”

Compatibility

Experience on the nursing ward This domain relates to
the extent to which the intervention is compatible with
existing work processes and systems [11]. Multiple (sub)
categories were distinguished including compatibility
with work processes and the use of systems, change in
work, and perceived risks. Compatibility with work pro-
cesses was rated negatively by most nurses (12/16, 75%).
This can be explained by increased workload (4/16, 25%).
For example, in case of deteriorating vital signs, nurses
needed to check the patients and perform extra check-
ups. Some sensor limitations were also not compatible
with work processes, according to 6 nurses (6/16, 38%).
For instance, the sensor could not measure blood pres-
sure. Also, the sensor could not be used for patients with
a pacemaker, when diagnostic tools such as a CT scan
were used, or while the patient was taking a shower.
Almost half of the nurses (7/16, 44%) thought that with
continuous monitoring their work would not change and
would not be affected, especially because they think their
clinical view is still needed in addition to continuous
monitoring. Six nurses (6/16, 38%) reported risks of con-
tinuous monitoring including a lack of the clinical view
(4/16, 25%).

“So at some point you could see a deviation in a
patient, which you couldn’t see with your clinical
view alone, but to really be sure how the patient was
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doing you still had to go and take the measurements.
So that was an additional task..”

Expectations for continuous monitoring in the home set-
ting Compatibility was perceived as a negative influ-
ence on implementation of continuous monitoring in
the home setting. Half of the nurses (8/16, 50%) thinks
that continuous monitoring in the home setting will
negatively change their work. According to 44% (7/16)
of nurses, the intervention will have a negative effect on
their relation and contact with patients, because there
will be less personal contact due to patients’ shorter stay
in the hospital. In total, 50% (8/16) is negative about com-
patibility with work processes. Nurses expect workload
to increase (5/16, 31%) if they have to monitor patients
in the home setting in addition to taking care of patients
on the nursing ward. Nearly all nurses (15/16, 94%) think
that continuous monitoring in the home setting involves
risks including a lack of the clinical view, occurrence of
complications in the home setting, when complications
remain unnoticed (for too long) and technical issues (e.g.,
Wi-Fi connection or defective sensor). Nurses also per-
ceive using the sensor for patients with low health liter-
acy or poor coping mechanisms as a risk.

“There are definitely risks in the home setting. There
must always be somebody who can take action if a
patient calls or when you receive an alarm with the
measurements of this patient. These are the meas-
urements of this patient, who is responsible for tak-
ing action? There are quite a number of challenges
[regarding monitoring in the home setting]”

Relative priority

Experience on the nursing ward This is defined as the
degree to which nurses perceived continuous monitoring
to be a priority in the organization and their department.
Although the responses varied, most nurses (11/16, 69%)
thought that the implementation of continuous moni-
toring would be a priority for the hospital. However, the
priority on the nursing ward itself varied during imple-
mentation; 19% (3/16) considered it a priority during
implementation, 19% (3/16, 19%) thought it was not a
priority. All three hospitals conducted a pilot; 19% (3/16,
19%) mentioned that the priority decreased due to the
unsuccessful pilot, and that there was a lack of priority
(6/16, 38%) on the nursing ward after the pilot had ended.

“I think priority is high, because a lot of manpower
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and money is dedicated to it”

Goals and feedback

Experience on the nursing ward All respondents (16/16,
100%) could explain the aim of the intervention i.e. early
detection of deterioration and the prospect of early dis-
charge with continuous monitoring in the home setting.

“Eventually, the goal is to discharge a patient early
and to monitor them at home”

Learning climate

Experience on the nursing ward Learning climate refers
to the degree to which nurses feel it was possible to give
input, whether their input was valued, sufficient opportu-
nity was given to try out the new intervention, sufficient
time was available for learning, and how they felt about
making mistakes. It was possible to give input (9/16, 56%)
and the input was valued (12/16, 75%). Almost all nurses
(12/16, 75%) had enough time for training. However,
their perceptions about the possibility to test the inter-
vention and whether they felt safe to try the intervention
and make mistakes varied.

“It was a pilot and it was no direct risk for the
patient. We also performed the normal checks,
50 you had a good view of the patient and patient
safety was not at risk’.

Available resources

Experience on the nursing ward This domain refers
to the available resources and time for implementation.
Nurses’ experiences varied, 81% (13/16) thought there
were sufficient additional resources such as a dedicated
project team and technical support. The majority (11/16,
69%) did not receive extra time for the intervention and
37% (6/16) reported that there were not enough human
resources available during implementation. In particular,
there was a lack of dedicated nurses.

“There was a project team with supervisors and
researchers and somebody from the technical
department.”
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Expectations for continuous monitoring in the home set-
ting In total, 38% (6/16) thought that the current staff-
ing is insufficient to handle the additional tasks for con-
tinuous monitoring in the home setting, and that extra
human resources (4/16, 25%) would be beneficial for
implementation.

“If you also have patients here, you don’t have time

for the patients at home. You need an extra person
per shift, responsible for monitoring [in the home
setting]”

Access to information and knowledge

Experiences on the nursing ward Access to information
and knowledge included access to a manual and training
on how to execute tasks associated with the intervention.
Overall, this was rated positively by almost all nurses
(15/16, 94%), especially a manual was perceived to be
helpful. In total, 63% (10/16) was positive about the train-
ing. However, four nurses (4/16, 25%) were less satisfied,
reasons being that a lot of information was given at once
and they felt that there was insufficient opportunity to
practice during the training.

“The manual was changed frequently, with new
tips and things. That was very useful!”

Expectations for continuous monitoring in the home set-
ting In total, 75% (12/16) of the nurses think that infor-
mation, for example a decision tree, or training would be
beneficial for continuous monitoring in the home setting.

“I think we need a manual on what to do with
which complaints. It needs to be unequivocal”

Characteristics of individuals
Knowledge and beliefs

Experiences on the nursing ward This domain included
statements on nurses’ beliefs about and attitudes towards
continuous monitoring. Nurses were predominantly
positive (7/16, 44%) about continuous monitoring on the
nursing ward. In total, 25% (4/16) was not positive about
the intervention.

“I think it is a very nice development. When I see it
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in practice, I think it could be possible...there are a
lot of patients that could just go home.

Expectations for continuous monitoring in the home set-
ting Nurses’ beliefs regarding continuous monitoring
in the home setting varied; 56% (9/16) was positive about
continuous monitoring in the home setting and they
think it is a positive development, though 38% (6/16)
was less enthusiastic about the development, especially
because of the change in providing care.

“I think this is a logical development in the sense
that you always keep considering how care can be
organized differently; you evolve with the time, tech-
nology develops rapidly, and I can understand that
you start thinking about how you can monitor peo-
ple at home, does that result in early discharge, and
what can be done safely”

Other personal attributes

Experience from use on the nursing ward This domain
includes personal characteristics affecting implementa-
tion such as competence, age, employment, and experi-
ence with the intervention. In total, 75% (12/16) men-
tioned personal characteristics that will contribute to the
implementation, for example (younger) age (2/16, 13%).
Also, according to 63% (10/16) of nurses, experience with
the new intervention tasks will be beneficial, for example
to execute tasks correctly and at a more rapid pace.

“The more often you do it, the easier it will become
and you will get into a routine”

Process
Formally appointed internal implementation leaders

Experience from use on the nursing ward Six nurses
from all three hospitals mentioned that a formally
appointed internal implementation leader, often a project
leader, was appointed to coordinate the intervention pro-
ject. This was seen as positive by 44% (7/16) of the nurses
because of the support and motivation they received.

“The project leader was accessible, and visible on the
nursing ward....I think that is important especially
at the start, that somebody is always available to
answer your questions”
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Champions

Experience from use on the nursing ward Champions
were mostly referred to as “key users’, a group of nurses
with specific involvement and focus on this project.
Champions were reported to be present in all three hos-
pitals and their presence was appreciated by more than
half (10/16, 63%) of all nurses, for example for practical
support.

“We had key-users who helped us attaching and
connecting the sensor”

Reflecting and evaluation

Experience from use on the nursing ward Over half of
the nurses (9/16, 56%) were positive about the evaluation
of the intervention’s implementation. They reported that
evaluations, conducted during or after the implementa-
tion period, were completed in (team) meetings or that
evaluation forms were used. This provided them with
insights into the status of the implementation project.
Almost 40% (6/16) was not involved in an evaluation or
would have preferred an evaluation.

“We discussed it each day in the daily evaluation.
How is it going, is the connection working, are the
check-ups good, do you notice differences, do you feel
positively or negatively about it. A lot of attention
was paid to it”

Facilitating conditions (UTAUT)

Experience from use on the nursing ward Facilitating
conditions concern the extent to which nurses perceive
that technical infrastructure is adequate to support the
intervention. This was considered negatively by half
of the nurses (8/16, 50%). This was mainly due to a bad
Wi-Fi connection (7/16, 44%), which was the main rea-
son for discontinuing the pilot in two hospitals. Lack of
interoperability with already existing systems, for exam-
ple with the Electronic Medical Record (EMR), was also
seen as a negative aspect by 25% (4/16).

“The Wi-Fi was a problem. Sometimes the sensor did
not connect and we had to restart the whole system.
So that was the reason it did not work out”
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Suggestions and technical conditions for further
development of continuous monitoring on the nursing
ward and in the home setting

Suggestions for further development

In total, 12 nurses (12/16, 75%) provided suggestions for
further development of continuous monitoring in the
hospital and the home setting. Seven nurses (7/16, 44%)
mentioned that they need additional parameters for con-
tinuous monitoring inside and outside the hospital, for
example blood pressure or oxygen saturation. Other sug-
gestions for improvement of continuous monitoring in
the home setting include: agreements upon responsibili-
ties for continuous monitoring in the home setting (3/16,
19%), personalized target values of vital parameters to
prevent false alarms (2/16, 13%), and a dedicated contact
person (2/16, 13%).

Conditions for continuous monitoring

To ensure successful intervention, interoperability
with already existing systems (e.g. EMR) is perceived as
important by nurses (8/16, 50%). This could contribute
to (future) implementation and reduce nurses’ workload
at the same time, by eliminating the need to manually
register the sensor measurements in the EMR. Other
conditions for continuous monitoring include properly
working and reliable technology (network, sensor, etc.)
(6/16, 38%), which will also lead to (extra) added value
of this intervention. In addition, patients’ home situation
should be ready (1/16, 6%), and patients should have the
necessary skills (2/16, 13%) to use the sensor, before con-
tinuous monitoring can be implemented at home.

Discussion

Principal findings

In total, we identified 27 constructs from the CFIR
framework and 1 construct from the UTAUT model
influencing implementation of continuous monitoring on
nursing wards. Five constructs that were experienced as a
strong positive influence on implementation were men-
tioned by at least 8 nurses. These included relative advan-
tage (e.g. early detection of deterioration), patient needs
and resources (e.g. feeling safe), networks and communi-
cations (e.g. execute tasks together), personal attributes
(e.g. experience with intervention), and implementation
leaders (e.g. project leader). Five constructs were asso-
ciated with a strong negative influence on implementa-
tion, including evidence strength and quality (e.g. lack
of evidence from practical experience), complexity (e.g.
number of procedural steps), design quality and packag-
ing (e.g. bad sensor quality), compatibility (e.g. change
in work) and facilitating conditions (e.g. Wi-Fi connec-
tion). Nurses expected continuous monitoring in the
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home setting to be hindered by compatibility with work
processes and systems (e.g. change in work) and evidence
strength and quality (e.g. lack of available evidence), and
to be facilitated by access to knowledge and information
(e.g. training) and perceived advantages of the implemen-
tation (e.g. data availability). Technical facilitating condi-
tions, such as interoperability with existing systems, were
suggested to be beneficial for further development.

Comparison with other studies

Only a limited number of earlier studies evaluated
nurses’ perspectives of continuous monitoring with wire-
less wearable devices [3, 9]. In a randomized controlled
trial (RCT), health care professionals’ experiences with
and expectations for use of a wearable device on a general
ward were assessed using interviews. Several findings
from this study were comparable with our study. They
also found positive aspects to include early detection of
clinical deterioration, feelings of safety, and shorter hos-
pital stay. Negative aspects that were similar included less
patient contact and not being able to measure all vital
signs with one sensor. However, the results of this RCT
also indicate that continuous monitoring can have both
positive and negative effects on workload and time spent
[8]. The findings of an observational cohort study on con-
tinuous monitoring with a wearable device on a general
ward described that the majority of nurses (74%, n=17)
did not think that using the wearable device would be
time-saving [24].

Continuous monitoring was perceived as complex
especially due to extra time required for the interven-
tion and the number of procedural steps to activate the
sensor, such as attaching and connecting the sensor. This
experience could also be a result of the pilot study set-
ting, since this setting led to temporary duplications in
registration and additional tasks, as multiple systems
were used. Nurses also reported that current staffing was
insufficient to monitor patients on the nursing ward and
in the home setting simultaneously, and that additional
(human) resources are necessary for the use of continu-
ous monitoring in the home setting.

Integration of and compatibility with work processes
and changed roles for professionals are found to be
important for implementation of interventions using
information and communication technology [25], such
as continuous monitoring. We found that nurses’ lack
of direct observation of the patient and the resulting
inability to rely on their “clinical view” was perceived as
a (possible) risk associated with continuous monitoring.
They also expected that its use in the home setting will
have a negative effect on their contact with patients, for
example because of early discharge resulting in a shorter
period of time during which nurses are able to interact
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with patients. Nurses in several previous studies were
also worried about a decrease in patient contact [8, 15]
making it more difficult to recognize deterioration [15].
The use of technology may change nurses’ profession
and their contact and relationship with patients, espe-
cially in the case of remote care and monitoring. Accord-
ing to Peplau’s theory of interpersonal relations, contact
between patients and nurses consists of different phases:
orientation, identification, exploitation, and resolution.
During these phases nurses can take on different roles,
such as counsellor, technical expert, and resource person,
for example to provide information [26]. The introduc-
tion of technology, such as sensor devices, may change
the delivery of care, for example because patients are
monitored remotely from home. This may also require a
change in nurses’ roles because physical and face-to-face
contact is more limited.

The success of an intervention is obviously affected by
technology aspects and integration with current systems,
including the hospital information technology infrastruc-
ture. This includes interoperability with the EMR [1],
which is important for long-term use [1]. Additionally, a
highly reliable Wi-Fi network is crucial for the success of
continuous monitoring, as a number of nurses stated that
the intervention was discontinued because the Wi-Fi net-
work was unreliable. It was also found to be a barrier in a
previous pilot study of continuous monitoring on a nurs-
ing ward [27]. Wi-Fi related issues can also cause data loss
[28]. Therefore, prior to the implementation of wireless
wearable sensors, it is recommended to ensure a well-
functioning and reliable hospital Wi-Fi infrastructure
[1]. Other technical issues included lack of evidence for
the use of continuous monitoring as nurses sometimes
experienced deviating measurements in comparison with
another monitoring device used in daily practice. Evalu-
ation of validity and feasibility of these devices is still
ongoing [9]. This is especially relevant since the develop-
ment of technology is evolving at a rapid pace, and cur-
rently multiple sensors, with different specifications, are
available for continuous monitoring [9]. Therefore, prag-
matic evaluation of new technologies, or new versions of
existing technologies, is required.

Nurses’ personal characteristics may also affect the
uptake of technology in clinical practice. eHealth lit-
eracy, “the ability to seek, find, understand, and appraise
health information from electronic sources and apply the
knowledge gained to addressing or solving a health prob-
lem” requires skills [29] and access to digital tools [30].
Nurses’ digital competencies can be affected by age and
experience and may be improved by training and edu-
cation [31]. Nurses in our study also highlighted that
information (e.g., manual and decision tree) and training
is needed, especially for continuous monitoring in the
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home setting. Also, technical support can facilitate tech-
nology use [32]. Another important aspect for success-
ful digital interventions is technology acceptance. The
UTAUT model can be used to assess both the intention
for technology use and the actual use [18] and includes
potential moderating factors such as age, experience,
sex, and voluntariness of use. Other personal charac-
teristics may also influence eHealth acceptance such as
work experience, as well as knowledge about and experi-
ence with IT [33]. In future research, additional attention
should be paid to the impact of nurses’ eHealth literacy,
digital skills, and acceptance of interventions supported
by technology.

Although several studies evaluated the perspectives
and experiences of continuous monitoring from nurses’
perspectives [8, 15, 24, 27], there is limited information
available about factors that influence implementation on
different general wards and expectations for use of wire-
less wearable sensors in the home setting. Our overview,
therefore, adds to the current body of knowledge by
structured application of both CFIR and UTAUT frame-
works. Future research is needed to confirm the use of
this overview in developing, implementing, and evaluat-
ing interventions on a larger scale.

Strengths and limitations

One strength of our study is that a wide range of factors
was structurally assessed with focus on both experience
from use of continuous monitoring on nursing wards and
expectations of its use in the home setting. Additionally,
we interviewed nurses from different teaching hospitals
in which continuous monitoring was used in different
populations and received comparable views on the use of
the sensor. As indicated in the methods, not all constructs
of the CFIR framework were used for the semi-structured
interviews, but the included constructs were based on a
selection made by the authors taking into consideration
the type of intervention (continuous monitoring), the set-
ting (hospital) and the respondents (nurses). However,
topics related to other constructs (e.g., trialability, patient
needs & resources and other personal attributes) came
up during the interviews and were coded as belonging to
these topics. This study has some limitations. Ten inter-
views were conducted face-to-face, while 6 interviews
had to be conducted by telephone, due to COVID-19
circumstances. We do not think that this influenced the
results, because a semi-structured interview was used
and no additional notes were taken into account for data
analysis, for example about non-verbal behavior. The first
author conducted all interviews, and the transcripts were
anonymized. Data analysis was conducted by the first two
authors independently, of which one was not involved in
the interviews. The preunderstanding of the authors was
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not used in the analysis. Furthermore, the number of
nurses per hospital varied and continuous monitoring
using wireless wearable sensors was conducted on differ-
ent nursing wards in each hospital. Also, nurses’ personal
characteristics (e.g., age, work experience and experi-
ence with the intervention) may have differed. Because
saturation was confirmed (post hoc), we believe that all
factors influencing implementation in this setting have
been identified. The sample size was insufficient to look
into differences between answers given by nurses with
different characteristics. Future research is needed on
the effect of nurses’ personal characteristics such as age,
work experience, and (digital) skills on implementation
of digital interventions such as continuous monitoring.
Despite these limitations, this is to the best of our knowl-
edge, the first qualitative study to identify and score con-
structs influencing the implementation of continuous
monitoring on nursing wards and to classify perceptions
on its use in the home setting.

Conclusions

This paper provides an overview of factors influencing
the implementation of continuous monitoring on nursing
wards, including their relative importance, and provides
insight in nurses’ perception of factors affecting its use in
the home setting. This may be used as guidance for future
implementations and evaluations.
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