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Abstract

Background: Wearable devices can be used for continuous patient monitoring in the general ward, increasing patient safety.
Little is known about the experiences and expectations of patients and health care professionals regarding continuous monitoring
with these devices.

Objective: This study aimed to identify positive and negative effects as well as barriers and facilitators for the use of two
wearable devices: ViSi Mobile (VM) and HealthPatch (HP).

Methods: In this randomized controlled trial, 90 patients admitted to the internal medicine and surgical wards of a university
hospital in the Netherlands were randomly assigned to continuous vital sign monitoring using VM or HP and a control group.
Users’ experiences and expectations were addressed using semistructured interviews. Nurses, physician assistants, and medical
doctors were also interviewed. Interviews were analyzed using thematic content analysis. Psychological distress was assessed
using the State Trait Anxiety Inventory and the Pain Catastrophizing Scale. The System Usability Scale was used to assess the
usability of both devices.

Results: A total of 60 patients, 20 nurses, 3 physician assistants, and 6 medical doctors were interviewed. We identified 47
positive and 30 negative effects and 19 facilitators and 36 barriers for the use of VM and HP. Frequently mentioned topics included
earlier identification of clinical deterioration, increased feelings of safety, and VM lines and electrodes. No differences related
to psychological distress and usability were found between randomization groups or devices.

Conclusions: Both devices were well received by most patients and health care professionals, and the majority of them encouraged
the idea of monitoring vital signs continuously in the general ward. This comprehensive overview of barriers and facilitators of
using wireless devices may serve as a guide for future researchers, developers, and health care institutions that consider
implementing continuous monitoring in the ward.

Trial Registration: Clinicaltrials.gov NCT02933307; http://clinicaltrials.gov/ct2/show/NCT02933307.
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Introduction

Background
Today’s technology is increasingly influencing health care [1].
Numerous wearable devices such as patches, smart watches,
and even tattoos exist that can register vital signs such as heart

rate (HR), respiratory rate, oxygen saturation (SpO2), and blood
pressure (BP) [2-5]. These devices are increasingly accurate
and reliable [2,6], smaller, and more user friendly than current
hospital monitoring devices. This could facilitate patients’
mobility and recovery during admission [7,8]. Moreover, the
devices can result in improved health outcomes and can be used
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as a diagnostic tool in the identification of several diseases or
clinical deterioration during admission [2,9-11].

Clinical Deterioration
Vital signs of patients in general wards are usually monitored
periodically by nurses, primarily during daytime [12]. As a
result, clinical deterioration in between two subsequent
measurements may not always be detected and can result in
unplanned admission to the intensive care unit (ICU), which is
associated with longer hospital stay, increased mortality rate
[13-15], and higher costs [16]. During night hours, when less
medical personnel are available, clinical deterioration may
remain undetected until the next morning [17]. With wearable
devices, patients can be monitored more frequently or
continuously. This results in additional information about a
patient’s health status, particularly during out of office hours
when patients are less frequently seen by nurses [4]. By
implementing continuous monitoring, clinical deterioration can
be detected in an earlier phase, particularly as changes in vital
signs are often present 8 to 24 hours before a life-threatening
event occurs [18-22]. Additional benefits of wearable
device–based continuous monitoring are a reduced workload
in nurses [23], improved patient comfort because of fewer vital
sign measurements [8,24], and safe patient transport between
wards [25]. Besides positive effects of wearable devices,
continuous monitoring can lead to false alarms that result in
unnecessary additional diagnostic procedures and possible alarm
fatigue in health care professionals [26,27].

Wearable Devices
Recently, ViSi Mobile (VM) and the HealthPatch (HP) were
introduced to hospital care. These two wearable devices are
approved by the Food and Drug Association for continuous
vital sign monitoring and have shown to be as accurate as nurse
measurements in admitted patients [6]. Several studies
describing the opportunities of wearable devices including VM
and HP were primarily focused on the accuracy of data [11].
For successful implementation in hospital wards, wearable
devices for continuous monitoring of vital signs should be
comfortable and user friendly for both patients and health care
professionals. Besides, patients and health care professionals
should be willing to use them and see the benefit of these
wearable devices and of being monitored continuously. A
complete overview of experiences and expectations of patients
regarding continuous monitoring with wearable devices is
lacking. Therefore, this study aimed to identify experiences of
patients, relatives, nurses, physician assistants, and medical
doctors about the use of VM and HP in daily practice for
continuous monitoring of vital signs in the general ward.

Methods

Setting, Participants, and Sampling
This randomized controlled trial was conducted in a university
hospital between April 2015 and August 2016. The objective
of this study was to give an overview of the experiences and
expectations regarding continuous monitoring with wearable
devices by most important stakeholders. This design was chosen
as a control group would give an insight into the current

experiences of patients who were not yet influenced by the use
of wearable devices. Besides patients, the target population
consisted of nurses, physician assistants, and medical doctors
who were involved in the care of the included patients. Surgical
patients were included when they were scheduled for an elective
abdominal surgical procedure. Patients were excluded and
replaced when they were monitored for less than 24 hours. A
sample size of 90 patients (45 surgical patients and 45 internal
medicine patients) was estimated to be sufficient to obtain data
saturation regarding interviews, based on our pilot study [6].
As there are no standards to calculate sample size for qualitative
research [28], we focused on data saturation. This was defined
as the moment when additional interviews would not result in
new information or themes, which was discussed and decided
by two experienced qualitative researchers (MW and TB).
Patients’ relatives were involved if they attended the interview.
We aimed to interview all nurses, physician assistants, and
medical doctors who were involved in the care of the included
patients to obtain a complete overview of users’ experiences
and expectations. The institutional review board decided that
formal approval was not required after they reviewed the study
protocol extensively (Local Ethical Committee number
2015-1717). The study was conducted in accordance with The
Code of Ethics of the World Medical Association (Declaration
of Helsinki).

Wearable Devices
VM (Sotera Wireless) is a patient monitoring system developed
to enhance patient safety and early detection of clinical
deterioration in a general ward. VM continuously measures
5-lead electrocardiography (ECG), HR, respiratory rate, SpO2,
BP, and skin temperature. It transmits all data wirelessly to a
platform with Sotera’s analytic software such as desktop PCs
or tablet PCs from where health care professionals have a
real-time insight into patients’ vital sign data. VM consists of
a wrist device with a touch screen display that shows vital signs
and a thumb sensor that measures SpO2 and BP. Five ECG
cables and a chest sensor that measures skin temperature and
respiratory rate are attached to the patient’s chest. The battery
in the wrist device has to be changed every 12 to 16 hours.

The HP (Vital Connect) is a small and lightweight disposable
adhesive patch that consists of two ECG electrodes and a
reusable module, which contains a sensor and a Bluetooth
transmitter. It contains a battery that has a wear cycle of
approximately 3 to 4 days. The patch continuously measures
1-lead ECG, HR, respiratory rate, HR variability, skin
temperature, steps, and body posture [29]. The patch is attached
to the patient’s chest, from where it sends data via Bluetooth to
a mobile device where patients can see their own vital signs.
Data are transmitted to a secured Vital Connect cloud on the
internet via Wi-Fi.

Study Procedures and Data Collection

Interviews
Patients in the surgical and internal medicine wards provided
written informed consent after being informed about the study
protocol. All interviewed nurses, physician assistants, and
medical doctors also signed the informed consent form. Patients
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were randomly assigned to (1) VM, (2) HP, or (3) control group
(no device; 1:1:1). This was done to equalize individual factors
between groups and minimize bias. The control group only
received the regular nurse measurements. They were interviewed
about their current experiences and their expectations of
continuous monitoring, without being influenced by wearing a
device. In the internal medicine ward, patients were randomized
immediately after signing the informed consent form. Surgical
patients signed the informed consent form before an elective
surgical procedure and were randomized after surgery on arrival
in the ward. Vital signs were continuously measured for 2 to 3
days in the VM and HP groups. Regular vital sign measurements
(three times a day) by nurses continued according to the hospital
protocol for all patients.

At the end of the study, patients and their relatives were
interviewed face-to-face for approximately 45 min by one
trained investigator. Nurses, physician assistants, and medical
doctors who were involved in the care of the included patients
were also interviewed. For each semistructured interview, an
interview guide was used that consisted of predetermined themes
based on the model for implementation by Grol and Wensing
[30]. We added themes identified in a recent pilot study about
monitoring with similar wearable devices [6]. Themes concerned
attitude toward continuous monitoring and the wearable devices,
experiences with both wearables in clinical practice, future
expectations of the devices, and perception on changes in
clinical care using the devices. Questions focused on, for
example, feelings of safety, users’ experiences with the devices,
expected effect of continuous monitoring on patient safety and
quality of care, and effect on nurse-patient interaction. The
interview guide is available on request. The interviews were
conducted by two researchers with a biomedical and medical
background and who were trained in interviewing.

Questionnaires
To determine psychological distress, all patients completed the
short version of the State Trait Anxiety Inventory (STAI) [31,32]
at baseline and on each day of the study period. On day 3, they
completed the Pain Catastrophizing Scale (PCS), which provided
a valid index about the extent to which people catastrophize
[33]. STAI and PCS scores were compared between
randomization groups as psychological distress can be a
confounding factor. Furthermore, this allowed us to assess
whether the devices affected psychological distress. In addition,
nurses who took care of the participating patients and who were
involved in, for example, attachment of the devices and changing
batteries completed the System Usability Scale (SUS) [34],
which is a reliable tool for assessing usability.

Analysis

Interviews
All interviews were audio-recorded and transcribed verbatim.
Subsequently, two researchers (MW and TB) individually
performed a thematic content analysis on all data (double
coding) to determine facilitators, barriers, and positive and

negative effects [35,36]. The researchers discussed the results
until consensus was reached. The Donabedian framework for
the quality of health care was used to present all positive and
negative effects [37]. This framework distinguishes structure
(context in which the care is delivered), process (all actions that
make up health care), and outcome (all effects on patients’
health). Facilitators and barriers were categorized according to
an existing framework concerning determinants of adoption of
mobile health [38,39]. New determinants regarding the use of
VM and HP were added to the framework. Interviews were
consecutively analyzed during the study, and saturation was
assessed using histograms, in which all new factors per interview
were presented. Quotes and striking issues were also
documented. Once data saturation was reached, no further
interviews were analyzed as it was expected that no new factors
would be identified.

Questionnaires
STAI, PCS, and SUS scores were analyzed using SPSS package
version 20.0 (SPSS Inc). STAI scores ranged from 6 to 24, and
a higher score indicated more psychological distress. SUS scores
ranged from 0 to 100, and a score above 68 was considered
above average [34].

Descriptive statistics were presented as mean (SD). Statistical
significance between patient groups regarding demographics
and PCS was calculated using the analysis of variance
(ANOVA) or Pearson chi-square test. ANOVA for repeated
measures was used to assess differences in the STAI score
between days and randomization groups. An independent
samples t test was used to calculate the difference between HP
and VM regarding SUS. STAI and SUS results were not
correlated with the interview results. A P value less than .05
was considered significant.

Results

Demographics
A total of 165 patients were invited to participate: 89 patients
from the surgical ward and 76 patients from the internal
medicine ward. In each ward, 58 patients signed the informed
consent form; 45 patients eventually participated in the study.
Reasons for refusal were expectation of a large mental (n=37)
or physical burden (n=10) and expected discharge within 24
hours (n=2). In the surgical ward, 13 patients were excluded
because of rescheduling of the surgery (n=5), withdrawal of
informed consent (n=4), early death (n=2), prolonged ICU stay
(n=1), and a delirium (n=1). Reasons to exclude patients in the
internal medicine ward were monitoring for less than 24 hours
because of unexpected discharge (n=11) or physical burden by
VM (n=2). No differences were found between randomization
groups regarding age (P=.74) and gender (P=.55). Demographics
are shown in Table 1. Relatives of 6 patients attended the
interview. Six medical doctors (2 surgeons, 2 internists, and 2
intensivists), 3 physician assistants, and 20 nurses were
interviewed.
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Table 1. Patient demographics.

Control group (n=30)HealthPatch (n=30)ViSi Mobile (n=30)Demographics

Gender, n (%)

20 (67)22 (73)18 (60)Male

10 (33)8 (27)12 (40)Female

62 (34-77)56 (27-88)63 (26-76)Age (years), median (range)

3 (2-3)3 (1-5)3 (1-4)Measurement period (days) of participation in the study, median (range)

Reason for admission, n (%)

5 (17)8 (27)8 (27)Colorectal disease

5 (17)8 (27)7 (23)Malignant

N/AN/Aa1 (5)Benign

5 (17)5 (17)5 (17)Hepatobiliary disease

5 (17)2 (15)5 (17)Malignant

N/A3 (10)N/ABenign

Upper gastrointestinal disease

2 (7)N/AN/AMalignant

Neuroendocrine tumors

2 (7)1 (3)N/AMalignant

1 (3)1 (3)1 (3)Herniation

2 (7)1 (3)N/AHematological diseases

N/A2 (7)4 (13)Autoimmune diseases

6 (20)7 (23)3 (10)Infectious disease

7 (23)5 (17)9 (30)Other

aN/A: not applicable.

Interview Data
After analyzing 60 interviews (19 VM group, 21 HP group, and
20 control group) with patients, data saturation occurred,
indicating that it was considered unlikely that new factors would
be identified in additional interviews (Figure 1). We interviewed
29 health care professionals: 6 medical doctors, 3 physician
assistants, and 20 nurses. After interviewing and analyzing
professionals, we concluded that data saturation may not have
been reached. Interviews with patients lasted for a median of

16 min (range 37 min). Generally, interviews with study
participants from the control group lasted for a shorter duration
as these people had no experience with the device. For
professionals, interviews lasted for a median of 33 min (range
33 min). A total of 33 unique positive effects by patients and
56 positive effects by health care professionals and 14 negative
effects by patients and 31 negative effects by health care
professionals were identified. Patients reported 13 facilitators
and 22 barriers, and health care professionals reported 13
facilitators and 36 barriers.
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Figure 1. Saturation of positive and negative effects and facilitators and barriers. X-axis represents number of patients interviewed; Y-axis represents
the accumulated number of new items mentioned by patients.

Positive Effects
In the structure, process, and outcome domains, 1, 23, and 23
positive effects were identified, respectively, (Multimedia
Appendix 1) by patients, their relatives, and health care
professionals. Moreover, 6 patients and 2 nurses mentioned
alarms as a positive effect of continuous monitoring using
wearable devices. A nurse stated:

We should all receive a mini-Ipad. It can show us
patients’ vital signs during our shift and will send us
an alert in case the vital signs drop outside the normal
ranges. [NurseID4]

A total of 17 patients, 2 relatives, and 17 health care
professionals expected to be able to detect clinical deterioration
in an earlier phase using continuous monitoring. Moreover, 5
patients, 3 nurses, and 1 medical doctor mentioned that earlier
detection can result in earlier interventions. Furthermore, 6
patients, 1 relative, and 5 nurses thought that the implementation
of continuous monitoring can lead to less patient disturbances.
In addition, 7 patients and 11 health care professionals thought
that continuous monitoring can save time. We asked all nurses
how to spend the saved time. A nurse mentioned:

Just talking to the patient. To have more time for the
story of the patient. [NurseID7]

Other positive effects regarding efficiency in health care were
a reduced workload, shorter hospital stay, prevention of ICU
admission, reduced costs, and lower amount of nursing staff
required. A patient described:

You can stay shorter in the hospital and can go home
with a wearable device. They can inspect your data
in the hospital while you are at home. I would like
that, it would feel more safe. [PatientID40]

A total of 17 patients, 1 relative, and 9 health care professionals
expected increased feelings of safety in patients in the general
ward. In addition, patients’ relatives and nurses mentioned
feeling safer. A nurse explained:

Postoperative patients have been monitored
continuously at the ICU. Some do feel unsafe after

return at the general ward because of a lower number
of vital sign measurements. [NurseID1]

All nurses and most patients encouraged the implementation of
wearable devices for continuous monitoring of patients. A nurse
and a patient mentioned:

This is the future. We have to deal with it and the
sooner we start working with those wearable devices,
the more profit we will have. [NurseID16]

The future...I think only 30% of the patients will be
hospitalized by then. Patients will be monitored from
home with this kind of smart devices. [PatientID50]

Negative Effects
A total of 12 and 18 negative effects were identified in the
process and outcome domains, respectively, by patients, their
relatives, and health care professionals (Multimedia Appendix
2). Moreover, 1 patient and 5 health care professionals thought
that continuous monitoring can generate an overload of
information. An internist mentioned:

Sometimes you just do not want to know, making
yourself crazy with too much data. Particularly when
data does not influence your decision in patient’s
treatment. [MedicaldoctorID5]

Particularly, nurses in the surgical ward were afraid that their
ward would become like an ICU; 3 nurses and 1 medical doctor
thought that this can lead to reluctance in transfer to the ICU.
The alarm system was mentioned as a negative effect by 3 nurses
and 3 medical doctors, leading to false-positive alarms,
irrelevant alarms, and alarm fatigue. Moreover, 9 patients, 1
relative, and 5 nurses were afraid that interaction between patient
and health care professionals would be reduced. A patient
mentioned:

You need the confidence from the nurses, I would miss
that. However, quantity time might become quality
time. [PatientID58]

In addition, 7 nurses and 1 medical doctor mentioned that
continuous monitoring would cost more time, and 1 nurse, 1
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physician assistant, and 1 medical doctor thought that it would
increase workload. A nurse said:

Maybe it will increase work load. What if you receive
an alarm every time a patient falls asleep and the
oxygen saturation decreases a little bit? [NurseID6]

A total of 12 patients, 2 relatives, and 2 health care professionals
mentioned that patients can become worried by being able to
see their own vital signs. A patient explained:

Some people are very anxious. Like my wife...like she
already said: she would overreact. I would like to
know my vital signs, but she would panic.
[PatientID54]

Facilitators
Eight facilitators were found in the domain Factors related to
devices (Multimedia Appendix 3). In addition, 1 nurse and 1
medical doctor mentioned that by using continuous monitoring,
health care professionals are able to see trends in vital signs. A
surgeon stated:

Last night we saw a patient with an Early Warning
Score of 3 and in the morning it suddenly was 13.
Using continuous monitoring, we would have been
able to see the Early Warning Score slowly increasing
during the night. [MedicaldoctorID6]

Moreover, 2 patients, 2 nurses, and 1 medical doctor mentioned
the small size of the HP. Three patients said that they thought
it was easy to view all vital signs on the VM wrist device or the
mobile device of the HP. In addition, 2 patients and 1 nurse said
that they think both the devices are reliable.

Three facilitators were found in the domain Individual factors.
In addition, 2 patients, 2 nurses, and 2 medical doctors thought
that continuous monitoring will lead to earlier detection of
clinical deterioration, and 2 patients mentioned that they think
that patient safety will be improved. In the Human environment
domain, 8 facilitators were identified. Five patients mentioned
that the devices were invisible under their clothes, and 7 patients
said that they were not aware of the device. Moreover, 1 patient,
2 nurses, and 1 medical doctor mentioned fewer actions during
vital sign measurements as a facilitator, such as putting on the
upper arm cuff for BP measurements.

Barriers
In the domain Factors related to the devices, 22 barriers were
identified (Multimedia Appendix 3). In addition, 2 patients, 3
nurses, and 1 medical doctor mentioned the VM battery change
as a barrier. VM wrist device was thought to be too big or heavy
by 5 patients, 3 nurses, and 1 medical doctor. Furthermore, VM

cables and the patches and electrodes were also mentioned as
barriers. A patient said:

Yesterday I felt very ill. I noticed that when you do
not feel very well, every line, every device is just too
much. [PatientID40]

Three patients mentioned that devices are not able to measure
patient experiences, such as pain. A patient described:

The devices are not able to register pain. When the
nurse does not visit me, I cannot tell her I am having
a headache. The device will not register that.
[PatientID55]

Moreover, 2 patients and 5 nurses said that it is a barrier that
the HP is not able to measure all vital signs. Furthermore, it was
also mentioned that VM and HP both are not able to measure
core temperature.

Four barriers were identified in the Individual factors domain.
One medical doctor mentioned the risk of overtreatment by
identifying abnormalities in vital signs that cannot be ignored.
Moreover, 1 medical doctor and 1 patient said that the VM wrist
device is stigmatizing. In the domain Human environment, six
barriers were identified. Three patients thought that it was a
burden to carry the HP mobile device. One medical doctor feared
that there will be too much attention for the vital signs and less
attention for the individual patient. One nurse mentioned that
patients were worried that the patches would come off. Four
barriers were identified in the Organizational environment
domain. Two medical doctors mentioned that nurses do not
have adequate training to interpret continuous data. In addition,
4 nurses and 1 medical doctor thought that there would not be
enough personnel to monitor all data:

At this moment it is not feasible to monitor all patients
24 hours a day and to anticipate adequately to clinical
deterioration with the amount of nursing staff we
have. [NurseID6]

Questionnaires

Psychological Distress
No significant effect between the three randomization groups
was found on STAI score (P=.33), and no significant
within-subject effect was found in STAI score between days
(P=.78; Table 2). Data of surgical and internal medicine patients
were calculated separately; no significant effect between the
randomization groups was found on STAI score (P=.86 and
P=.17, respectively). No significant differences were found
between the three randomization groups regarding PCS (P=.57;
Table 2).
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Table 2. State Trait Anxiety Inventory and Pain Catastrophizing Scale.

Pain Catastrophizing Scale, mean
(SD)

STAI day 3, mean
(SD)

STAI day 2, mean
(SD)

STAI day 1, mean
(SD)

STAIa baseline, mean
(SD)

Group

14.2 (11.2)10.6 (3.0)10.6 (2.6)11.3 (2.9)11.8 (2.7)ViSi Mobile

15.7 (11.6)11.2 (3.3)11.5 (2.8)11.2 (2.8)11.4 (2.7)HealthPatch

17.4 (10.9)11.7 (3.5)11.2 (3.3)11.1 (3.1)11.0 (3.1)Control

aSTAI: State Trait Anxiety Inventory.

Usability
The SUS was filled in by 6 nurses (3 internal medicine nurses
and 3 surgical nurses), 1 for each device. Both devices scored
above average, indicating good usability. No significant
difference was found between VM and HP (mean 77.9, SD 18.5
and mean 82.5, SD 18.6, respectively; P=.68).

Discussion

Principal Findings
In this study, we used two wearable devices for continuous
monitoring of vital signs in non-ICU patients with a wide
spectrum of clinical conditions in two different wards. Our study
resulted in a broad overview of experiences and expectations
with the devices of both patients and health care professionals.
We showed that continuous monitoring in the ward was not
only well received by most patients and their relatives but also
by their health care professionals. We also identified relevant
barriers of continuous monitoring with wearable devices and
that using wearable devices did not affect stress levels. Both
patients and health care professionals expected that continuous
monitoring of vital signs would lead to an earlier identification
of clinical deterioration and to an improvement of quality, safety,
and efficiency in health care. We also identified relevant barriers
of continuous monitoring with wearable devices.

Our semistructured interviews revealed a primarily positive
attitude toward continuous monitoring. A recent study by
Abelson et al [40] also confirmed that surgical patients have a
positive attitude toward wearable devices and mobile apps and
that they are willing to use them. Earlier detection of clinical
deterioration was frequently mentioned by patients and health
care professionals corresponding with the findings from a recent
review by Cardona-Morrell et al [10]. They showed that
continuous monitoring of vital signs in the general ward leads
to an earlier detection of clinical deterioration [10]. Respondents
mentioned that continuous monitoring could lead to saved time
and reduced workload for nurses, which is also found in other
studies [10]. All nurses mentioned that they would use this time
for the patient, such as mobilization, washing or showering
patients, providing information, and providing a listening ear
for the patient. This might solve the problem for less
nurse-patient interaction, which was frequently mentioned by
patients. Future research should shed light on changes in nurses’
workload after the implementation of continuous monitoring.
A frequently reported barrier was the wrist device and cables
of VM. Particularly, surgical patients mentioned that the VM
cables were a burden in combination with other lines, such as
abdominal drains and urinary catheters. However, patients did

not feel restricted during daily activities. This is important as
early appropriate mobilization improves recovery and reduces
the risk of complications [41,42]. STAI and PCS scores revealed
no differences in psychological distress between patients in the
intervention and control groups, indicating that neither the VM
nor the HP caused additional stress or reduced stress. According
to SUS scores, the larger VM wrist device and cables did not
influence the overall usability of the VM in comparison with
the much smaller HP. It is expected that future devices will
become even smaller while being able to wirelessly monitor an
increasing number of vital signs continuously. The amount of
data that will become available by continuous monitoring was
mentioned as a negative effect by health care professionals, as
it was expected that they would never be able to review all data.
Big data analytics are available for effective storage and
processing of large amounts of data [43,44]. Alarms can alert
the nurse when patient’s vital signs drop out of normal ranges,
resulting in a high number of false-positive or irrelevant alarms
or even alarm fatigue [27,45]. Machine learning algorithms can
prevent unnecessary diagnostic procedures and overtreatment
because of a reduced number of irrelevant and false-positive
alarms [46-48].

Other Research
Few studies regarding continuous monitoring in the general
ward exist. Brown et al [49] compared continuous monitoring
using the EarlySense system with intermittent monitoring in a
medical-surgical ward. This system includes a flat sensor that
is placed under the patient’s bed and monitors HR and
respiratory rate continuously. They found a reduced number of
days in the ICU and shorter overall hospital stay because of
earlier interventions in patients who were monitored
continuously. However, the system is not able to monitor other
vital signs such as BP, SpO2, and temperature when patients
are out of bed. Other researchers used patches to monitor several
vital signs such as the HP in this study, with promising results
[50]. Using HP and VM, patients are able to mobilize throughout
the hospital while being monitored continuously for relevant
vital signs. VM measures almost all vital signs, which are
required to calculate the Modified Early Warning Score and
judge the clinical situation of the patient. More recent work
found that patient monitoring systems should be tailored to
users’ needs [51].

Strengths and Limitations
An important strength of this study is that we were able to
monitor patients admitted for various reasons for a longer period
in a clinical setting in two different departments. We conducted
a large number of semistructured interviews with both patients
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and health care professionals and were able to reach data
saturation in patients about all predefined categories. This
resulted in a comprehensive overview of the positive and
negative effects of continuous monitoring and facilitators and
barriers regarding VM and HP. The control group allowed us
to collect current experiences from patients that were not yet
influenced by using wearable devices. Regarding interviews
with health care providers, data may not have saturated, although
this is difficult to assess [28]. Selection bias could have occurred
as not all invited patients participated in the study, particularly
in the surgical ward. However, we randomized all patients to
VM, HP, or a control group, and no significant differences were
found between randomization groups, for example, gender,
which minimized bias. Patients who refused to participate
reported that they feared the mental or physical burden,
particularly severely ill patients or patients with psychological
distress. No differences were found in stress experienced
between different randomization groups. Although the STAI
questionnaire is validated for measuring psychological distress,
many other stressful factors may have an impact on patients
and may potentially influence the outcomes (stress before
surgical procedures or complications during hospitalization).

Future Perspectives
Implementation of wearable devices for continuous monitoring
is expected to influence health care in several ways. Patient
safety can be improved as trained and experienced personnel
can be warned during an earlier phase of deterioration and
perform early interventions. This can prevent unnecessary ICU

admissions and shorten hospitality stay. Nurses will have to be
trained in using wearable devices and continuous vital sign data
in the general ward. It is expected that nurses will have more
time for other needs of a patient during admission. Data
transmission via Wi-Fi between the device and the electronic
health record should be safe and accurate. Potential alarms in
vital signs can be processed using predictive analytics and
machine learning techniques to prevent false-positive alarming.
Furthermore, patients can benefit from continuation of
monitoring using the same or comparable wearable devices.
Vital signs data collected at home can be shared with trained
nurses or physicians. With continuous monitoring, patients can
be more actively involved in their own treatment. To stimulate
this, the facilitators and barriers reported in this study are of
great value when planning to implement wearable devices in
the general ward.

Conclusions
According to patients and health care professionals, VM and
HP have potential for continuous monitoring of vital signs in
the general ward, and almost all of them encouraged the idea
of monitoring vital signs continuously in the general ward. The
comprehensive overview of barriers and facilitators of using
wireless devices should be taken into consideration when
choosing the device for implementing continuous monitoring.
Continuous monitoring may facilitate the use of predictive
analytics for clinical deterioration and early interventions.
Further studies should explore the effect of continuous
monitoring on clinical outcomes of patients in the general ward.

Acknowledgments
The project was funded by the Radboud University Medical Center.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Positive effects.
[DOCX File , 21 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Negative effects.
[DOCX File , 18 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Facilitators and barriers.
[DOCX File , 22 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-eHEALTH checklist (V. 1.6.1).
[PDF File (Adobe PDF File), 391 KB-Multimedia Appendix 4]

References

1. Ricciardi L, Mostashari F, Murphy J, Daniel JG, Siminerio EP. A national action plan to support consumer engagement
via e-health. Health Aff (Millwood) 2013 Feb;32(2):376-384. [doi: 10.1377/hlthaff.2012.1216] [Medline: 23381531]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15471 | p. 8https://www.jmir.org/2020/6/e15471
(page number not for citation purposes)

Weenk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app1.docx&filename=b34b889514c512ccc947e8447f92bb16.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app1.docx&filename=b34b889514c512ccc947e8447f92bb16.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app2.docx&filename=7095d8b84b35262c27e114d2a15ac033.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app2.docx&filename=7095d8b84b35262c27e114d2a15ac033.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app3.docx&filename=8c9013d3fb092d40c33bfbd89a954f60.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app3.docx&filename=8c9013d3fb092d40c33bfbd89a954f60.docx
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app4.pdf&filename=916eedee90c218513833814e3ba3896f.pdf
https://jmir.org/api/download?alt_name=jmir_v22i6e15471_app4.pdf&filename=916eedee90c218513833814e3ba3896f.pdf
http://dx.doi.org/10.1377/hlthaff.2012.1216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23381531&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Appelboom G, Camacho E, Abraham ME, Bruce SS, Dumont EL, Zacharia BE, et al. Smart wearable body sensors for
patient self-assessment and monitoring. Arch Public Health 2014;72(1):28 [FREE Full text] [doi: 10.1186/2049-3258-72-28]
[Medline: 25232478]

3. Iqbal MH, Aydin A, Brunckhorst O, Dasgupta P, Ahmed K. A review of wearable technology in medicine. J R Soc Med
2016 Oct;109(10):372-380 [FREE Full text] [doi: 10.1177/0141076816663560] [Medline: 27729595]

4. Chan M, Estève D, Fourniols J, Escriba C, Campo E. Smart wearable systems: current status and future challenges. Artif
Intell Med 2012 Nov;56(3):137-156. [doi: 10.1016/j.artmed.2012.09.003] [Medline: 23122689]

5. Hentschel MA, Haaksma ML, van de Belt TH. Wearable technology for the elderly: underutilized solutions. Eur Geriatr
Med 2016;7(5):399-401. [doi: 10.1016/j.eurger.2016.07.008]

6. Weenk M, van Goor H, Frietman B, Engelen LJ, van Laarhoven CJ, Smit J, et al. Continuous monitoring of vital signs
using wearable devices on the general ward: pilot study. JMIR Mhealth Uhealth 2017 Jul 5;5(7):e91 [FREE Full text] [doi:
10.2196/mhealth.7208] [Medline: 28679490]

7. Chan AM, Ferdosi N, Narasimhan R. Ambulatory respiratory rate detection using ECG and a triaxial accelerometer. Conf
Proc IEEE Eng Med Biol Soc 2013;2013:4058-4061. [doi: 10.1109/EMBC.2013.6610436] [Medline: 24110623]

8. Sahandi R, Noroozi S, Roushan G, Heaslip V, Liu Y. Wireless technology in the evolution of patient monitoring on general
hospital wards. J Med Eng Technol 2010 Jan;34(1):51-63. [doi: 10.3109/03091900903336902] [Medline: 19929237]

9. Goldberg EM, Levy PD. New approaches to evaluating and monitoring blood pressure. Curr Hypertens Rep 2016
Jun;18(6):49. [doi: 10.1007/s11906-016-0650-9] [Medline: 27137524]

10. Cardona-Morrell M, Prgomet M, Turner RM, Nicholson M, Hillman K. Effectiveness of continuous or intermittent vital
signs monitoring in preventing adverse events on general wards: a systematic review and meta-analysis. Int J Clin Pract
2016 Oct;70(10):806-824. [doi: 10.1111/ijcp.12846] [Medline: 27582503]

11. Majumder S, Mondal T, Deen MJ. Wearable sensors for remote health monitoring. Sensors (Basel) 2017 Jan 12;17(1):pii:
E130 [FREE Full text] [doi: 10.3390/s17010130] [Medline: 28085085]

12. Beckett DJ, Inglis M, Oswald S, Thomson E, Harley W, Wilson J, et al. Reducing cardiac arrests in the acute admissions
unit: a quality improvement journey. BMJ Qual Saf 2013 Dec;22(12):1025-1031 [FREE Full text] [doi:
10.1136/bmjqs-2012-001404] [Medline: 23828879]

13. Haller G, Myles PS, Wolfe R, Weeks AM, Stoelwinder J, McNeil J. Validity of unplanned admission to an intensive care
unit as a measure of patient safety in surgical patients. Anesthesiology 2005 Dec;103(6):1121-1129. [doi:
10.1097/00000542-200512000-00004] [Medline: 16306722]

14. Frost SA, Alexandrou E, Bogdanovski T, Salamonson Y, Parr MJ, Hillman KM. Unplanned admission to intensive care
after emergency hospitalisation: risk factors and development of a nomogram for individualising risk. Resuscitation 2009
Feb;80(2):224-230. [doi: 10.1016/j.resuscitation.2008.10.030] [Medline: 19084319]

15. Calzavacca P, Licari E, Tee A, Egi M, Downey A, Quach J, et al. The impact of Rapid Response System on delayed
emergency team activation patient characteristics and outcomes--a follow-up study. Resuscitation 2010 Jan;81(1):31-35.
[doi: 10.1016/j.resuscitation.2009.09.026] [Medline: 19854557]

16. Kaboli PJ, Rosenthal GE. Delays in transfer to the ICU: a preventable adverse advent? J Gen Intern Med 2003
Feb;18(2):155-156 [FREE Full text] [doi: 10.1046/j.1525-1497.2003.21217.x] [Medline: 12542592]

17. Beckett D, Gordon C, Paterson R, Chalkley S, Macleod D, Bell D. Assessment of clinical risk in the out of hours hospital
prior to the introduction of Hospital at Night. Acute Med 2009;8(1):33-38. [Medline: 21607208]

18. Mapp ID, Davis LL, Krowchuk H. Prevention of unplanned intensive care unit admissions and hospital mortality by early
warning systems. Dimens Crit Care Nurs 2013;32(6):300-309. [doi: 10.1097/DCC.0000000000000004] [Medline: 24100432]

19. Churpek MM, Yuen TC, Edelson DP. Risk stratification of hospitalized patients on the wards. Chest 2013
Jun;143(6):1758-1765 [FREE Full text] [doi: 10.1378/chest.12-1605] [Medline: 23732586]

20. Cretikos M, Chen J, Hillman K, Bellomo R, Finfer S, Flabouris A, MERIT study investigators. The objective medical
emergency team activation criteria: a case-control study. Resuscitation 2007 Apr;73(1):62-72. [doi:
10.1016/j.resuscitation.2006.08.020] [Medline: 17241732]

21. Kyriacos U, Jelsma J, Jordan S. Record review to explore the adequacy of post-operative vital signs monitoring using a
local modified early warning score (mews) chart to evaluate outcomes. PLoS One 2014;9(1):e87320 [FREE Full text] [doi:
10.1371/journal.pone.0087320] [Medline: 24498075]

22. Ludikhuize J, Borgert M, Binnekade J, Subbe C, Dongelmans D, Goossens A. Standardized measurement of the Modified
Early Warning Score results in enhanced implementation of a Rapid Response System: a quasi-experimental study.
Resuscitation 2014 May;85(5):676-682. [doi: 10.1016/j.resuscitation.2014.02.009] [Medline: 24561029]

23. Boatin AA, Wylie BJ, Goldfarb I, Azevedo R, Pittel E, Ng C, et al. Wireless vital sign monitoring in pregnant women: a
functionality and acceptability study. Telemed J E Health 2016 Jul;22(7):564-571. [doi: 10.1089/tmj.2015.0173] [Medline:
27172448]

24. Zubiete ED, Luque LF, Rodríguez AV, González IG. Review of wireless sensors networks in health applications. Conf
Proc IEEE Eng Med Biol Soc 2011;2011:1789-1793. [doi: 10.1109/IEMBS.2011.6090510] [Medline: 22254675]

25. Ohashi K, Kurihara Y, Watanabe K, Ohno-Machado L, Tanaka H. Feasibility evaluation of Smart Stretcher to improve
patient safety during transfers. Methods Inf Med 2011;50(3):253-264. [doi: 10.3414/ME0616] [Medline: 21057715]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15471 | p. 9https://www.jmir.org/2020/6/e15471
(page number not for citation purposes)

Weenk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://archpublichealth.biomedcentral.com/articles/10.1186/2049-3258-72-28
http://dx.doi.org/10.1186/2049-3258-72-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25232478&dopt=Abstract
http://europepmc.org/abstract/MED/27729595
http://dx.doi.org/10.1177/0141076816663560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27729595&dopt=Abstract
http://dx.doi.org/10.1016/j.artmed.2012.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23122689&dopt=Abstract
http://dx.doi.org/10.1016/j.eurger.2016.07.008
https://mhealth.jmir.org/2017/7/e91/
http://dx.doi.org/10.2196/mhealth.7208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28679490&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2013.6610436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24110623&dopt=Abstract
http://dx.doi.org/10.3109/03091900903336902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19929237&dopt=Abstract
http://dx.doi.org/10.1007/s11906-016-0650-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27137524&dopt=Abstract
http://dx.doi.org/10.1111/ijcp.12846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27582503&dopt=Abstract
http://www.mdpi.com/resolver?pii=s17010130
http://dx.doi.org/10.3390/s17010130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085085&dopt=Abstract
http://qualitysafety.bmj.com/cgi/pmidlookup?view=long&pmid=23828879
http://dx.doi.org/10.1136/bmjqs-2012-001404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23828879&dopt=Abstract
http://dx.doi.org/10.1097/00000542-200512000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16306722&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2008.10.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19084319&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2009.09.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19854557&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2003&volume=18&issue=2&spage=155
http://dx.doi.org/10.1046/j.1525-1497.2003.21217.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12542592&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21607208&dopt=Abstract
http://dx.doi.org/10.1097/DCC.0000000000000004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24100432&dopt=Abstract
http://europepmc.org/abstract/MED/23732586
http://dx.doi.org/10.1378/chest.12-1605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732586&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2006.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17241732&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0087320
http://dx.doi.org/10.1371/journal.pone.0087320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24498075&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2014.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24561029&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2015.0173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27172448&dopt=Abstract
http://dx.doi.org/10.1109/IEMBS.2011.6090510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22254675&dopt=Abstract
http://dx.doi.org/10.3414/ME0616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21057715&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Welch J, Moon J, McCombie S. Early detection of the deteriorating patient: the case for a multi-parameter patient-worn
monitor. Biomed Instrum Technol 2012;Suppl:57-64. [doi: 10.2345/0899-8205-46.s2.57] [Medline: 23039778]

27. Clifton L, Clifton DA, Pimentel MA, Watkinson PJ, Tarassenko L. Predictive monitoring of mobile patients by combining
clinical observations with data from wearable sensors. IEEE J Biomed Health Inform 2014 May;18(3):722-730. [doi:
10.1109/JBHI.2013.2293059] [Medline: 24808218]

28. Malterud K, Siersma VD, Guassora AD. Sample size in qualitative interview studies: guided by information power. Qual
Health Res 2016 Nov;26(13):1753-1760. [doi: 10.1177/1049732315617444] [Medline: 26613970]

29. Selvaraj N. Long-Term Remote Monitoring of Vital Signs Using a Wireless Patch Sensor. In: Proceedings of the 2014
IEEE Healthcare Innovation Conference. 2014 Presented at: HIC'14; October 8-10, 2014; Seattle, WA, USA.

30. Grol R, Wensing M. What drives change? Barriers to and incentives for achieving evidence-based practice. Med J Aust
2004 Mar 15;180(S6):S57-S60. [Medline: 15012583]

31. Speilberger C, Gorsuch R, Lushene R. STAI manual. Palo Alto, CA: Consulting Psychologist Press; 1970.
32. van der Bij AK, de Weerd S, Cikot RJ, Steegers EA, Braspenning JC. Validation of the dutch short form of the state scale

of the Spielberger State-Trait Anxiety Inventory: considerations for usage in screening outcomes. Community Genet
2003;6(2):84-87. [doi: 10.1159/000073003] [Medline: 14560068]

33. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and validation. Psychol Assess
1995;7(4):524-532. [doi: 10.1037/1040-3590.7.4.524]

34. Brooke J. SUS - A quick and dirty usability scale. In: Jordan PW, Thomas B, McClelland IL, Weerdmeester B, editors.
Usability Evaluation In Industry. London: Taylor & Francis; 1996:189-194.

35. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

36. Vaismoradi M, Turunen H, Bondas T. Content analysis and thematic analysis: Implications for conducting a qualitative
descriptive study. Nurs Health Sci 2013 Sep;15(3):398-405. [doi: 10.1111/nhs.12048] [Medline: 23480423]

37. Donabedian A. The quality of care. How can it be assessed? J Am Med Assoc 1988;260(12):1743-1748. [doi:
10.1001/jama.260.12.1743] [Medline: 3045356]

38. Gagnon M, Desmartis M, Labrecque M, Car J, Pagliari C, Pluye P, et al. Systematic review of factors influencing the
adoption of information and communication technologies by healthcare professionals. J Med Syst 2012 Feb;36(1):241-277
[FREE Full text] [doi: 10.1007/s10916-010-9473-4] [Medline: 20703721]

39. Gagnon M, Ngangue P, Payne-Gagnon J, Desmartis M. m-Health adoption by healthcare professionals: a systematic review.
J Am Med Inform Assoc 2016 Jan;23(1):212-220. [doi: 10.1093/jamia/ocv052] [Medline: 26078410]

40. Abelson JS, Symer M, Peters A, Charlson M, Yeo H. Mobile health apps and recovery after surgery: What are patients
willing to do? Am J Surg 2017 Oct;214(4):616-622. [doi: 10.1016/j.amjsurg.2017.06.009] [Medline: 28666581]

41. Markey DW, Brown RJ. An interdisciplinary approach to addressing patient activity and mobility in the medical-surgical
patient. J Nurs Care Qual 2002 Jul;16(4):1-12. [doi: 10.1097/00001786-200207000-00002] [Medline: 12125898]

42. Pashikanti L, Von Ah D. Impact of early mobilization protocol on the medical-surgical inpatient population: an integrated
review of literature. Clin Nurse Spec 2012;26(2):87-94. [doi: 10.1097/NUR.0b013e31824590e6] [Medline: 22336934]

43. Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential. Health Inf Sci Syst 2014;2:3 [FREE
Full text] [doi: 10.1186/2047-2501-2-3] [Medline: 25825667]

44. Bates DW, Saria S, Ohno-Machado L, Shah A, Escobar G. Big data in health care: using analytics to identify and manage
high-risk and high-cost patients. Health Aff (Millwood) 2014 Jul;33(7):1123-1131. [doi: 10.1377/hlthaff.2014.0041]
[Medline: 25006137]

45. Welch J, Kanter B, Skora B, McCombie S, Henry I, McCombie D, et al. Multi-parameter vital sign database to assist in
alarm optimization for general care units. J Clin Monit Comput 2016 Dec;30(6):895-900 [FREE Full text] [doi:
10.1007/s10877-015-9790-8] [Medline: 26439830]

46. Eerikäinen LM, Vanschoren J, Rooijakkers MJ, Vullings R, Aarts RM. Reduction of false arrhythmia alarms using signal
selection and machine learning. Physiol Meas 2016 Aug;37(8):1204-1216. [doi: 10.1088/0967-3334/37/8/1204] [Medline:
27454128]

47. Antink CH, Leonhardt S, Walter M. Reducing false alarms in the ICU by quantifying self-similarity of multimodal biosignals.
Physiol Meas 2016 Aug;37(8):1233-1252. [doi: 10.1088/0967-3334/37/8/1233] [Medline: 27454256]

48. Luo W, Phung D, Tran T, Gupta S, Rana S, Karmakar C, et al. Guidelines for developing and reporting machine learning
predictive models in biomedical research: a multidisciplinary view. J Med Internet Res 2016 Dec 16;18(12):e323 [FREE
Full text] [doi: 10.2196/jmir.5870] [Medline: 27986644]

49. Brown H, Terrence J, Vasquez P, Bates DW, Zimlichman E. Continuous monitoring in an inpatient medical-surgical unit:
a controlled clinical trial. Am J Med 2014 Mar;127(3):226-232. [doi: 10.1016/j.amjmed.2013.12.004] [Medline: 24342543]

50. Breteler MJ, Huizinga E, van Loon K, Leenen LP, Dohmen DA, Kalkman CJ, et al. Reliability of wireless monitoring using
a wearable patch sensor in high-risk surgical patients at a step-down unit in the Netherlands: a clinical validation study.
BMJ Open 2018 Feb 27;8(2):e020162 [FREE Full text] [doi: 10.1136/bmjopen-2017-020162] [Medline: 29487076]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15471 | p. 10https://www.jmir.org/2020/6/e15471
(page number not for citation purposes)

Weenk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2345/0899-8205-46.s2.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039778&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2013.2293059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24808218&dopt=Abstract
http://dx.doi.org/10.1177/1049732315617444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26613970&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15012583&dopt=Abstract
http://dx.doi.org/10.1159/000073003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14560068&dopt=Abstract
http://dx.doi.org/10.1037/1040-3590.7.4.524
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1111/nhs.12048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23480423&dopt=Abstract
http://dx.doi.org/10.1001/jama.260.12.1743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3045356&dopt=Abstract
http://europepmc.org/abstract/MED/20703721
http://dx.doi.org/10.1007/s10916-010-9473-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703721&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocv052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26078410&dopt=Abstract
http://dx.doi.org/10.1016/j.amjsurg.2017.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28666581&dopt=Abstract
http://dx.doi.org/10.1097/00001786-200207000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12125898&dopt=Abstract
http://dx.doi.org/10.1097/NUR.0b013e31824590e6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22336934&dopt=Abstract
http://europepmc.org/abstract/MED/25825667
http://europepmc.org/abstract/MED/25825667
http://dx.doi.org/10.1186/2047-2501-2-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25825667&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2014.0041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25006137&dopt=Abstract
http://europepmc.org/abstract/MED/26439830
http://dx.doi.org/10.1007/s10877-015-9790-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26439830&dopt=Abstract
http://dx.doi.org/10.1088/0967-3334/37/8/1204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27454128&dopt=Abstract
http://dx.doi.org/10.1088/0967-3334/37/8/1233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27454256&dopt=Abstract
https://www.jmir.org/2016/12/e323/
https://www.jmir.org/2016/12/e323/
http://dx.doi.org/10.2196/jmir.5870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27986644&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2013.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24342543&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=29487076
http://dx.doi.org/10.1136/bmjopen-2017-020162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29487076&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. Poncette AS, Spies C, Mosch L, Schieler M, Weber-Carstens S, Krampe H, et al. Clinical requirements of future patient
monitoring in the intensive care unit: qualitative study. JMIR Med Inform 2019 Apr 30;7(2):e13064 [FREE Full text] [doi:
10.2196/13064] [Medline: 31038467]

Abbreviations
ANOVA: analysis of variance
BP: blood pressure
ECG: electrocardiography
HP: HealthPatch
HR: heart rate
ICU: intensive care unit
PCS: Pain Catastrophizing Scale
SpO2: oxygen saturation
STAI: State Trait Anxiety Inventory
SUS: System Usability Scale
VM: ViSi Mobile

Edited by G Eysenbach; submitted 12.07.19; peer-reviewed by A Boatin, AS Poncette, JW Kim, C Subbe; comments to author 21.10.19;
revised version received 09.01.20; accepted 24.01.20; published 10.06.20

Please cite as:
Weenk M, Bredie SJ, Koeneman M, Hesselink G, van Goor H, van de Belt TH
Continuous Monitoring of Vital Signs in the General Ward Using Wearable Devices: Randomized Controlled Trial
J Med Internet Res 2020;22(6):e15471
URL: https://www.jmir.org/2020/6/e15471
doi: 10.2196/15471
PMID:

©Mariska Weenk, Sebastian J Bredie, Mats Koeneman, Gijs Hesselink, Harry van Goor, Tom H van de Belt. Originally published
in the Journal of Medical Internet Research (http://www.jmir.org), 10.06.2020. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2020 | vol. 22 | iss. 6 | e15471 | p. 11https://www.jmir.org/2020/6/e15471
(page number not for citation purposes)

Weenk et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://medinform.jmir.org/2019/2/e13064/
http://dx.doi.org/10.2196/13064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038467&dopt=Abstract
https://www.jmir.org/2020/6/e15471
http://dx.doi.org/10.2196/15471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

