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ABSTRACT
Objective To determine feasibility, in terms of
acceptability and system fidelity, of continuous vital signs
monitoring in abdominal surgery patients on a general
ward.
Design Observational cohort study.
Setting Tertiary teaching hospital.
Participants Postoperative abdominal surgical patients
(n=30) and nurses (n=23).
Interventions Patients were continuously monitored
with the SensiumVitals wearable device until discharge
in addition to usual care, which is intermittent Modified
Early Warning Score measurements. Heart rate, respiratory
rate and axillary temperature were monitored every 2 min.
Values and trends were visualised and alerts sent to the
nurses.
Outcomes System fidelity was measured by analysis of
the monitoring data. Acceptability by patients and nurses
was assessed using questionnaires.
Results Thirty patients were monitored for a median
duration of 81 hours (IQR 47–143) per patient, resulting
in 115 217 measurements per parameter. In total, 19%
(n=21 311) of heart rate, 51% (n=59 184) of respiratory
rate and 9% of temperature measurements showed
artefacts (n=10 269). The system algorithm sent 972 alerts
(median alert rate of 4.5 per patient per day), of which
90.3% (n=878) were system alerts and 9.7% (n=94)
were vital sign alerts. 35% (n=33) of vital sign alerts were
true positives. 93% (n=25) of patients rated the patch
as comfortable, 67% (n=18) felt safer and 89% (n=24)
would like to wear it next time in the hospital. Nurses
were neutral about usefulness, with a median score of 3.5
(IQR 3.1–4) on a 7-point Likert scale, ease of use 3.7 (IQR
3.2–4.8) and satisfaction 3.7 (IQR 3.2–4.8), but agreed
on ease of learning at 5.0 (IQR 4.0–5.8). Neutral scores
were mostly related to the perceived limited fidelity of the
system.
Conclusions Continuous monitoring of vital signs with a
wearable device was well accepted by patients. Nurses’
ratings were highly variable, resulting in on average
neutral attitude towards remote monitoring. Our results
suggest it is feasible to monitor vital signs continuously on
general wards, although acceptability of the device among
nurses needs further improvement.

Strengths and limitations of this study
►► Abdominal surgical patients are a population likely

to benefit from continuous physiological monitoring.
►► The study population was limited to elective major

abdominal surgical patients.
►► Acceptability of the system among nurses was ex-

tensively assessed.
►► Fidelity of the system was assessed in a clinical

ward setting for a large monitoring period.
►► Real-time monitoring data registration and trends

were not yet integrated into the electronic medical
record.

INTRODUCTION
The postoperative complication rate after
major abdominal surgery is 20%–44%,1 which
may result in reinterventions, prolonged
hospital stay, intensive care unit (ICU)
admissions and mortality,2–4 and eventually
to lower life expectancy, lower quality of life
and higher costs.5–7 Early detection of postoperative clinical deterioration on the ward
may allow for early intervention and better
outcomes.8 Currently, the optimal frequency
of vital sign measurements remains unknown.
On most surgical wards they are monitored
no more than one to three times a day.9 10
Early warning scores, such as the Modified
Early Warning Score (MEWS), are then
used to help identify patients at risk.11–13 A
higher MEWS is associated with admission
to the ICU, cardiac arrest and mortality.14–16
However, a critical limitation of current monitoring practice is its infrequent and intermittent nature,17 18 which may result in delayed
detection of clinical deterioration, in particular during night shifts with lower staffing per
patient rates.19
Recent advances in wearable, wireless
sensor technology now facilitate continuous

Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735

1

BMJ Open: first published as 10.1136/bmjopen-2020-042735 on 17 February 2021. Downloaded from http://bmjopen.bmj.com/ on June 30, 2022 by guest. Protected by copyright.

Feasibility of continuous monitoring of
vital signs in surgical patients on a
general ward: an observational
cohort study

Open access

METHODS
Design
An observational cohort study was conducted for a
3-month period (October–December 2019) on a surgical
ward of a large tertiary teaching hospital. This study is
reported in concordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines.34
Participants
Patients scheduled for elective colorectal or pancreatic
resection were recruited through convenience sampling.
Inclusion criteria were age ≥18 years, no cognitive impairments, expected hospitalisation time of 3 days or longer,
and fluent in the Dutch language. Exclusion criteria were
surgery for a palliative or emergency indication, a cardiac
pacemaker in situ, a known allergy for any of the materials
of the device or participating in another conflicting study.
Emergency surgical patients were excluded because it was
deemed not possible to obtain true informed consent. For
2

Figure 1 The SensiumVitals patch. The SensiumVitals patch
is attached to the patient’s chest and monitors heart rate and
respiratory rate. The black ‘wire’ sensor is the external axillary
temperature monitoring device.

nurses, eligibility criteria were nursing registration, active
involvement in the continuous monitoring system for at
least 3 days during the study, and able to speak and read the
Dutch language.
Intervention
Current standard of care was intermittent monitoring
(once daily) using the MEWS according to hospital
policy.35 In addition to standard care, patients included
in the study were continuously monitored by the SensiumVitals system (Sensium, Abingdon, UK). This wireless
monitoring device is CE (Conformité Européenne)-
marked, approved by the Food Drug Administration and
worn as a patch on the patient’s chest. It continuously
monitors heart rate (HR) in beats per minute (bpm),
respiratory rate (RR) in breaths per minute (brm), and—
via a secondary sensor—axillary temperature (Tax) in
degree Celsius.36 The patch is attached to the skin by two
adhesive ECG electrodes (Skintact, Leonhard Lang, Innsbruck, Austria), as shown in figure 1.
Every 2 min, the data were transmitted wirelessly through
ceiling-
mounted bridges to a dedicated server, and from
there to a mobile device carried by the nurses and to their
desktop. There were two types of alerts: vital sign and system
alerts. Vital sign alerts were sent when the parameter value
passed the preset thresholds (50 bpm < HR < 120 bpm; 8
brm < RR < 24 brm; or 34.5°C < Tax < 38.5°C). These low and
high thresholds were based on the MEWS’ lower and upper
thresholds.10 For the upper threshold, the parameters correspond with the median value of MEWS 2. System alerts were
sent when the connection was interrupted or when no valid
measurement could be obtained. Each type of event had to
occur continuously for a period of at least 14 min before an
alert was sent out to the nurse. This time frame was based on
previous clinical experience of the manufacturer, researchers
and in consensus with the ward nurses. Literature about an
optimal time frame for alerts is still lacking. Nurses were
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735

BMJ Open: first published as 10.1136/bmjopen-2020-042735 on 17 February 2021. Downloaded from http://bmjopen.bmj.com/ on June 30, 2022 by guest. Protected by copyright.

monitoring of vital signs.20 21 Emerging evidence shows
that these monitoring sensors are accurate, may improve
outcomes and reduce costs by allowing earlier detection
of changes in vital signs in clinical practice.22 A previous
study about continuous monitoring of abdominal surgical
patients resulted in earlier antibiotics administration,
decreased hospital stay and readmissions within 30 days.23
Another study by Subbe et al24 reported more rapid
response teams interventions, decreased cardiac arrests,
reduced overall mortality, reduced illness severity and
reduced mortality in those patients admitted to ICU, and
an increase in proactive decision-making on end-of-life
care. In addition, Weenk et al25 studied two continuous
monitoring devices and reported that continuous monitoring was feasible if frequency and duration of measurements with artefact would be reduced.25 Several other
studies with wearable monitoring devices reported potential benefits such as less patient disturbance and improved
sleep, reduced workload among nurses and improved
safety during patient transport between departments.26–29
A new wearable patch device for wireless remote monitoring of vital signs has recently been tested in several
hospitals, the SensiumVitals. The first published reports
have shown it to be valid and safe.23 30 31 However, there is
still insufficient insight regarding the feasibility of using
such a continuous monitoring device on a general ward,
especially because continuous monitoring can be defined
as a complex intervention with many interacting components and behaviour change of healthcare professionals.32
As recommended by the Medical Research Council framework, feasibility testing and piloting are needed before
larger scale clinical implementation of such an intervention
can be undertaken.33 The aim of the study was to determine
the feasibility, in terms of acceptability and system fidelity,
of continuous vital signs monitoring with the SensiumVitals device among abdominal surgery patients on a general
surgery ward.

Open access

Procedures
Before the start of the study, we tested if the system functioned properly and the nurses were trained in using the
system and interpreting the data. Among the 35 nurses who
had received training were 10 ‘key users’, who received additional training in correctly applying the patch. Together with
the researchers, they provided bedside teaching to other
nurses on the general ward during data collection.
From October to December 2019 electively scheduled
surgical patients were screened for eligibility by the nurse
during preoperative admission on the ward. When patients
agreed to participate, informed consent forms were signed.
The SensiumVitals patch was attached postoperatively when
patients arrived at the ward from the recovery unit or ICU.
Continuous monitoring by the patch was continued until
discharge. The day before discharge, patients’ experiences
were obtained using a questionnaire. After completion of
enrolment of all 30 patients, nurses were asked to complete
their questionnaires.
Data collection
The primary outcomes were acceptability and fidelity of the
continuous monitoring system. Acceptability was measured
cross-sectionally and fidelity prospectively. Baseline characteristics of patients were obtained from electronic medical
record (EMR). Patients’ postoperative complications were
reported according to the Clavien-Dindo classification.37 38
This scale classifies complications according to the following:
grade I, no intervention needed; grade II, requiring pharmacological treatment; grade IIIa, requiring surgical, endoscopic
or radiological intervention not under general anaesthesia;
grade IIIb, requiring surgical, endoscopic or radiological
intervention under general anaesthesia; grade IV, requiring
admission to the ICU; and grade V, death of the patient.
Acceptability was measured as recruitment and retention
rates and experiences of patients and nurses.39 First, patient
acceptability was measured by four questions using a 5-point
Likert scale (strongly agree to strongly disagree) about
comfort, safety and recommendation on future use, as shown
in online supplemental appendix A. Second, for nurses the
Usefulness, Satisfaction, and Ease of use (USE) questionnaire was used to measure acceptability.40 This instrument
is intended to identify the usefulness, satisfaction, ease of
use and ease of learning of the intervention and consists of
30 statements on the beliefs about the monitoring system
measured on a 7-point Likert scale (online supplemental
appendix B). The USE questionnaire was translated by two
researchers (JPLL and EMD) to Dutch. We asked nurses to
assess the concept of continuous monitoring, and not just the
SensiumVitals technology. Both questionnaires had a free-
text space for remarks.
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735

Fidelity focused on the functioning of the SensiumVitals
system and was obtained by analysis of the collected data.41
Outcomes were total monitoring time, total number of
artefacts, total number of (system and vital sign) alerts and
the acknowledgement rate of the vital signs alerts. An artefact was registered if no valid measurement was recorded.
Invalid values were identified by the algorithm of the system.
All vital signs alerts were retrospectively categorised by two
researchers (JPLL and EMD) as true positive, false positive or
unclear based on clinical condition, nurse MEWS measurements and reports on the EMR.
Statistical analysis
Since a formal power calculation was not possible due to
the lack of preliminary data with the SensiumVitals device,
a sample size of 30 patients and 20 nurses was estimated
to yield sufficient data for determination of feasibility.
All data were analysed by descriptive statistics. For
continuous data, median and IQR or mean and SD were
calculated based on normal distribution. Every parameter
was checked for normality using the Shapiro-Wilk test and
visually by a histogram.42 For categorical data, frequencies
and percentages were reported.
The questionnaire on patient acceptability was presented
as categorical data. The USE questionnaire for nurses was
reported as continuous data and was divided into constructs:
usefulness, ease of use, ease of learning and satisfaction. To
determine the reliability of the translated version of the USE,
a Cronbach’s α was determined for each construct. An α of
>0.7 was considered consistent and therefore reliable. The
remarks patients made were classified as positive, neutral or
negative by two researchers, and the remarks of nurses were
categorised within the constructs of the USE questionnaire.
Finally, the fidelity of the system was analysed at the patient
level. All analyses were performed with IBM SPSS Statistics
V.24.0 for Mac.
Patient and public involvement
While we did not directly involve patients in the design or
conduct of our study, our analyses were motivated by the
belief that the patient acceptability outcomes were relevant
to patients.
RESULTS
Study characteristics
A total of 36 patients were eligible to participate in the study.
Of them, one patient was excluded due to a cognitive impairment, one patient declined to participate and four patients
were lost to follow-up due to postoperative admittance at a
technically unprepared part of the ward. This resulted in a
recruitment rate of 94% (n=34) and a dropout rate of 11%
(n=4). Eventually, 30 patients (male: n=17) participated in
the study with a mean age of 66±10 years old. They underwent either colon (n=20), rectal (n=8) or pancreatic (n=2)
resections. Eleven patients (36.7%) developed 16 complications in total. Of these, 12 were classified as grade I and II
according to the Clavien-Dindo classification. An overview of
the patient characteristics is given in table 1.
3
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required to acknowledge each alert by pressing a button on
their mobile device. After receiving a vital signs alert, the
nurses were asked to measure the patient’s vital parameters
manually in accordance with the applicable hospital policy
(MEWS). When the nurse did not acknowledge the alert,
reminders were sent until acknowledgement was confirmed.
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n=30
Sex, n (%)
 Male

17 (56.7)

 Female

13 (43.3)

Age, mean±SD

66.3±10.2

BMI, mean±SD

25.6±3.9

ASA class, n (%)
 1

9 (30.0)

 2

20 (66.7)

 3

1 (3.3)

Type of surgery, n (%)
 Pancreatic resection

2

 Rectal resection

8

 Colon resection

20

Oncological indication, n (%)

26 (86.7)

Postoperative ICU admission, n (%)
 Yes

2 (6.7)

 No

28 (93.3)

Length of stay, median (IQR)

4.0 (3.75–13.0)

Complications, n

16

 Grade I

9

 Grade II

3

 Grade IIIa

1

 Grade IIIb

3

Figure 2

ASA, American Society of Anesthesiologists; BMI, body mass index;
ICU, intensive care unit.

Acceptability: patients’ perspectives
Twenty-seven patients (response: 90%) returned the questionnaire (table 2; figure 2). Of these, 25 patients (93%)
rated wearing the patch as comfortable. Moreover, 18
patients (67%) felt safer during hospitalisation, although
8 patients (30%) were neutral about this statement. For a
future admission in the hospital, 24 patients (89%) would
like to wear it and 20 patients (80%) would be willing to
wear the patch for postsurgical home monitoring. Patient
experiences are quoted in box 1. There were no missing
data in the returned questionnaires.
Table 2 Patient acceptability
Disagree Neutral Agree
(1–2)
(3)
(4–5)
n (%)
n (%)
n (%)
I found the patch
comfortable.
I felt safer with the patch.

0 (0)

2 (7.4)

1 (3.7)

8 (29.6) 18 (66.7)

I would like to wear the patch 1 (3.7)
in the hospital next time.
I would also like to wear the 3 (11.1)
patch at home after surgery.

4

25 (92.6)

2 (7.4)

24 (88.9)

2 (7.4)

22 (81.5)

Diagram of patients’ and nurses’ acceptability.

Acceptability: nurses’ perspectives
Thirty-
five nurses were approached, of whom 23
(response: 66%) returned the questionnaire, as shown in
table 3 and figure 2. The median age of nurses was 28
years old (IQR 24–39) and they had a median working
experience of 5 years (IQR 3–13). There were no missing
data in the returned questionnaires and there was no
difference in median age in the non-
response group.
Quotes of remarks are given in box 1.
The median score of usefulness was 3.5 (IQR 3.1–4.0;
Cronbach’s α=0.916). Out of 23 nurses, 61% (n=14)
agreed that continuous monitoring by the patch was
useful. However, 74% of the nurses (n=17) did not think
the patch would save time and 70% (n=16) disagreed
about the statement ‘it does everything I expected’. One
nurse reported she recognised the added value for the
patient (box 1).
The median score for ease of use was 3.7 (IQR 3.2–4.8;
Cronbach’s α=0.937). Out of 23 nurses, 61% (n=14)
disagreed with the statement that using it was effortless
and 65% (n=15) could not use it without consulting the
written instructions. Nurses stated it was easy when the
system operated without too many artefacts and alerts
which could increase workload (box 1).
The median score of ease of learning was 5.0 (IQR
4.0–5.8; Cronbach’s α=0.965). Out of 23 nurses, 15 (65%)
agreed they easily remembered how to use it and quickly
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735
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Table 1 Patient characteristics
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Patients
Positive experiences:
►► ‘It provided a safe feeling for family also.’
►► ‘I knew my limits through the system.’

Negative experiences:
►► ‘It doesn’t look reliable to me.’
►► ‘The patch is comfortable, but glue residues from the stickers re-

main behind.’
►► ‘Patch often changed because it was not working.’

Neutral experiences:
►► ‘I forgot that the patch was there, therefore also neutral in terms of

feeling safe.’

Nurses
Usefulness:
►► ‘I see the added value for the patient.’

Ease of use:
►► ‘It is easy for the patients where it works.’
►► ‘I found the product promising, but at the moment I think it costs us

more work than it saves.’
Ease of learning:
►► None.
Satisfaction:
►► ‘I often had different values with the patient that did not match when
I started to do manual measurements. This meant that I didn’t get so
much faith in the device.’
►► ‘You are always at his bedside because there is no proper image of
vital functions.’
►► ‘Receiving all alarms from all patients in the nursing ward. This is
annoying due to continuous alarms but also for patients.’
►► ‘Very often there was no clear picture of breathing and heartbeat.’
►► ‘Frequency of alarms was high due to malfunctions.’
►► ‘The mobile app regularly operates slow.’

became skilful with it. No remarks were reported considering this construct.
The median score of satisfaction was 3.7 (IQR 2.9–4.4;
Cronbach’s α=0.931). Twelve of 23 nurses (52%) stated it
was fun to use and 11 (48%) disagreed it was pleasant to
use. Fourteen nurses (61%) disagreed with the need to
add this device to routine workflow. There were no missing
data on the returned questionnaires. Several remarks
were made considering satisfaction, predominantly about
malfunction of the system, frequency of alarms and the
discrepancy with nurse measurements (box 1).
System fidelity
The total monitoring time was 3853 hours with a median
of 81 hours (IQR 47–143) per patient. This resulted in
a total of 115 217 measurements of the three vital signs.
In total, 18.5% (n=21 311) of HR measurements, 51.4%
(n=59 184) of RR measurements and 8.9% (n=10 269) of
Tax measurements were artefacts.
In total, 972 alerts (median per patient: 18; IQR 8.75–
41.75) were sent by the SensiumVitals system, of which
90.3% (n=878) were system alerts and 9.7% (n=94) were
about deviating vital signs. Although only three subjects
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735

were responsible for nearly half (41.4%) of all alerts, a
direct cause for the artefacts and related system alerts was
not found. The median alert rate was 4.5 per patient per
day. The system alerts were generated because HR was not
registered (n=180; 20.5%), RR was not registered (n=145;
16.5%), Tax was not registered (n=151; 17.1%), leads were
off (n=281; 32.0%) or the patch was being replaced due
to an empty battery (n=28; 3.9%).
Of the 94 vital sign alerts, 12 (12.8%) were not acknowledged by the nurses. No downward trend during the study
was seen in the acknowledgement rate. Of the alerts,
35% were true positives, 44% were false positives and
21% uncategorised, as shown in table 4. The percentage
of true positive alerts was the highest for HR with 60%
(n=9), followed by RR with 40% (n=16) and 20.5% for
Tax. Tax had the most false positive alerts with 77% (n=30)
vs 13% for HR and 22.5% for RR. False positive Tax was
caused by registration of subtemperature.

DISCUSSION
In this study we aimed to determine the feasibility in
terms of acceptability and fidelity of continuous wireless
vital signs monitoring of abdominal surgery patients on
the general ward. Patient acceptability of the patch sensor
was high. Wearing the patch for several days was well tolerated and made patients feel safer. Most patients indicated
they wished to be remotely monitored during a possible
future hospital stay. However, a significant proportion
of nurses were not yet convinced of the added value of
continuous monitoring on the general ward.
Comparison with previous work
The high acceptability by patients of this wearable wireless monitoring device, both in terms of ‘wearability’ and
feeling safe, is in line with previous studies.25 43–47 Nonetheless, one patient expressed scepticism about the reliability of the system. A similar concern was reported in
the qualitative study of Downey et al.44
The lower acceptability by nurses could be related to
the large number of system alerts, which can be considered clinically irrelevant and thus disturbing. This was
well reflected in the remarks of nurses and is in agreement
with a previous study by Prgomet et al48 about the perceptions of nurses before implementation of a continuous
monitoring device. The cause of these alerts is the large
number of artefacts and the relatively short time frame
of 14 min before an alert is generated by the system. As
a result, this has likely resulted in increased workload for
nurses, which decreases their willingness to fully rely on
the system as yet and may lead to alert fatigue.49
When considering system fidelity, the number of artefacts
encountered in the present study was still considerably lower
for all three parameters in comparison with a previous study
with the SensiumVitals system: HR: 19% vs 41%; RR: 51% vs
66%; Tax: 9% vs 27%, respectively.30 The high percentage of
RR measurement artefacts is most likely due to the fact RR
was measured by impedance, which is affected by the motion
5
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Box 1 Remarks of patients and nurses (translated from
Dutch)
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Median (IQR)

Disagree (1–3)

Neutral (4)

Agree (5–7)

Usefulness (α=0.916)
It helps me be more effective.

3.5 (3.1–4)
4 (3–4)

9 (39.1)

10 (43.5)

4 (17.4)

It helps me be more productive.

3 (3–4)

13 (56.5)

8 (34.8)

2 (8.7)

It is useful.

5 (4–5)

3 (13.0)

6 (26.1)

14 (69.6)

It gives me more control over the activities in my work.

4 (3–5)

9 (39.1)

7 (30.4)

7 (30.4)

It makes the things I want to accomplish easier to get
done.

3 (3–4)

12 (52.2)

8 (34.8)

3 (13.0)

It saves me time when I use it.

3 (2–4)

17 (73.9)

3 (13.0)

3 (13.0)

It meets my needs.

3 (3–5)

12 (52.2)

5 (21.7)

6 (26.1)

It does everything I would expect it to do.

3 (2–4)

16 (69.6)

4 (17.4)

3 (13.0)

Ease of use (α=0.937)

3.7 (3.2–4.8)

It is easy to use.

4 (3–5)

6 (26.1)

6 (26.1)

11 (47.8)

It is simple to use.

4 (3–6)

6 (26.1)

7 (30.4)

10 (43.5)

It is user friendly.

4 (3–5)

8 (34.8)

4 (17.4)

11 (47.8)

It requires the fewest steps possible to accomplish what I
want to do with it.

4 (3–5)

11 (47.8)

4 (17.4)

8 (34.8)

It is flexible.

4 (3–5)

8 (34.8)

7 (30.4)

8 (34.8)

Using it is effortless.

3 (3–4)

14 (60.9)

5 (21.7)

4 (17.4)

I can use it without written instructions.

4 (2–5)

15 (60.9)

1 (4.4)

7 (30.4)

I don’t notice any inconsistencies as I use it.

3 (2–4)

13 (56.5)

7 (30.4)

3 (13.0)

Both occasional and regular users would like it.

4 (3–5)

8 (34.8)

7 (30.4)

8 (34.8)

I can recover from mistakes quickly and easily.

4 (3–5)

8 (34.8)

9 (39.1)

6 (26.1)

I can use it successfully every time.

3 (3–5)

13 (56.5)

4 (17.4)

6 (26.1)

Ease of learning (α=0.965)

5 (4–5.8)

I learned to use it quickly.

5 (4–6)

4 (17.4)

7 (30.4)

12 (52.2)

I easily remember how to use it.

5 (4–6)

5 (21.7)

3 (13.0)

15 (65.2)

It is easy to learn to use it.

5 (4–6)

8 (34.8)

4 (17.4)

11 (47.8)

I quickly became skillful with it.

5 (4–6)

4 (17.4)

4 (17.4)

15 (65.2)

Satisfaction (α=0.931)

3.7 (2.9–4.4)

I am satisfied with it.

4 (3–5)

9 (39.1)

6 (26.1)

8 (34.8)

I would recommend it to a friend.

4 (3–4)

8 (34.8)

It is fun to use.

5 (4–5)

5 (21.7)

6 (26.1)

12 (52.2)

It works the way I want it to work.

3 (2–4)

12 (52.2)

9 (39.1)

2 (8.7)

10

5 (21.7)

It is wonderful.

3 (2–4)

12 (52.2)

7 (30.4)

4 (17.4)

I feel I need to have it.
It is pleasant to use.

3 (2–4)
4 (2–5)

14 (60.9)
11 (47.8)

7 (30.4)
6 (26.1)

2 (8.7)
6 (26.1)

α, Cronbach’s α; USE, Usefulness, Satisfaction, and Ease of use questionnaire.

of the patient and rejected by the strict algorithm of the
SensiumVitals. Although temperature measurements had
the least number of artefacts (14%), this was the parameter
with the most false positive alerts (77%). This is probably due
to transient dislocation of the sensor generating an apparent
low Tax and thereby sending a false alert. Overall, the number
of alerts was experienced as unacceptably high, which is in
agreement with previous studies with these devices.25 43 In
these previous studies, the alarm thresholds were adjusted
6

and the time intervals increased, to decrease the number of
alerts.
Besides frequency and false alarm rate, lower acceptability by nurses can also be explained by the fact that
nurses on general wards are not used to working with
and interpreting trend data of monitoring devices, as
well as the lack of literature on optimal thresholds and
a clinically relevant time frame for alerts.20 Therefore,
we believe that the frequency and false alarm rate and
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735
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Table 3 USE questionnaire among nurses (n=23)

Open access

True
False
positives positives N/A*

Total

Total alerts, n (%)
HR alerts, n

33 (35.1)
9

41 (43.6)
2

20 (21.3) 94
4
15

RR alerts, n
Tax alerts, n

16
8

9
30

15
1

40
39

*N/A: uncategorised.
HR, heart rate; RR, respiratory rate; Tax, axillary temperature.

acceptability of such remote wireless monitoring systems
by nurses might be dramatically improved with the inclusion of a reliable clinical decision support algorithm that
takes the vital signs trends, as well as the relationship
between various vital signs, into account instead of only
generating alarms based on absolute values.20
Limitations
Several limitations should be considered when interpreting our results. First, the study population was
limited to patients undergoing major abdominal surgery
and therefore may not be representative of other patient
populations. Emergency surgical patients are more prone
to complications and may thus derive more benefit from
continuous vital signs monitoring.50 However, they were
not included because of the need for informed consent.
In addition, acceptability of remote wireless vital signs
monitoring among healthcare professionals may be influenced by several factors we were unable to account for
in this study. The study duration was relatively short, and
the intervention was not yet fully integrated into standard
care pathways and workflows in the ward. The limited
number of patients and exclusion of emergency surgery
may account for the fact that we did not observe any life-
threatening conditions with the system. Lack of integration with the EMR may have negatively influenced nurses’
experiences with the system. Access to the vital signs
trend data required many additional, time-
consuming
steps, resulting in potentially lower commitment and
acceptability. Also, during this feasibility study, nurses still
had to calculate routine early warning scores, leading to
increased total nurse workload. In addition, the results
are based on this specific continuous monitoring system
while other systems are also available. Lastly, categorising
vital signs alerts was done retrospectively, which may have
introduced bias in categorising true and false positive
alerts because in some cases adequate documentation was
lacking.
CONCLUSION
Continuous monitoring of vital signs in abdominal
surgery patients by the SensiumVitals wearable device was
well accepted by patients, but only moderately by nurses.
Use of this system was feasible on the surgical ward, but
to increase acceptability among nurses the system needs
Leenen JPL, et al. BMJ Open 2021;11:e042735. doi:10.1136/bmjopen-2020-042735

improvements, in particular a significant reduction in
artefacts and alerts. One desirable development would be
the addition of a well-validated system for clinical decision support and smooth integration into hospital EMR.
These results may provide helpful insights for larger
scale implementation and (cost-)effectiveness studies of
continuous monitoring on the general ward.
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APPENDIX A: QUESTIONNAIRE FOR PATIENTS
I found the patch comfortable
1
2
3

4

Strongly disagree

The patch made me feel safer
1
2
3
Strongly disagree

5
Strongly agree

4

5
Strongly agree

I would like to wear the patch in the hospital next time again.
1
2
3
4
5
Strongly disagree

Strongly agree

I would like to wear the patch at home after surgery.
1
2
3
4
5
Strongly disagree

Strongly agree
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APPENDIX B: USE QUESTIONNAIRE (translated from Dutch)
Usefulness
1

1. It helps me be more effective.
2
3

4

5

6

Strongly disagree

1

7

Strongly agree

2. It helps me be more productive.
2
3
4

5

6

Strongly disagree

7

Strongly agree

3. It is useful.
1

2

3

4

5

6

7
Strongly disagree

1

Strongly agree

4. It gives me more control over the activities in my life.
2
3
4
5

Strongly disagree

1

5. It makes the things I want to accomplish easier to get done.
2
3
4
5
6

Strongly disagree

1

6. It saves me time when I use it.
2
3

4

5

7

6

7

Strongly agree

7. It meets my needs.
2
3

4

5

Strongly disagree

1

7

Strongly agree

Strongly disagree

1

6
Strongly agree

6

7

Strongly agree

8. It does everything I would expect it to do.
2
3
4

5

Strongly disagree

6

7

Strongly agree

Ease of Use
1

9. It is easy to use.
2

3

4

5

Strongly disagree

1

10. It is simple to use.
2
3

4

5

Strongly disagree

1

11. It is user friendly.
2

Strongly disagree

6

7

Strongly agree

6

7

Strongly agree

3

4

5

6

7

Strongly agree
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1

12. It requires the fewest steps possible to accomplish what I want to do with it.
2
3
4
5
6
7

Strongly disagree

1

13. It is flexible.
2

Strongly agree

3

4

5

Strongly disagree

1

14. Using it is effortless.
2
3

4

5

15. I can use it without written instructions.
2
3
4

5

16. I don't notice any inconsistencies as I use it.
2
3
4

5

17. Both occasional and regular users would like it.
2
3
4
5

6

7

6

7

6

7

Strongly agree

18. I can recover from mistakes quickly and easily.
2
3
4
5

Strongly disagree

1

7

Strongly agree

Strongly disagree

1

6

Strongly agree

Strongly disagree

1

7

Strongly agree

Strongly disagree

1

6
Strongly agree

Strongly disagree

1
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6

7

Strongly agree

19. I can use it successfully every time.
2
3
4

5

Strongly disagree

6

7

Strongly agree

Ease of Learning
1

20. I learned to use it quickly.
2
3

4

5

Strongly disagree

1

21. I easily remember how to use it.
2
3
4

5

Strongly disagree

1

22. It is easy to learn to use it.
2
3
23. I quickly became skillful with it.
2
3

Strongly disagree

7

6

7

Strongly agree

4

5

Strongly disagree

1

6
Strongly agree

6

7

Strongly agree

4

5

6

7

Strongly agree

Satisfaction
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24. I am satisfied with it.
2
3

4

5

Strongly disagree

1

25. I would recommend it to a friend.
2
3
4
26. It is fun to use.
2

5

3

4

5

27. It works the way I want it to work.
2
3
4
28. It is wonderful.
2

5

3

4

5

29. feel I need to have it.
2
3
30. It is pleasant to use.
2
3

Strongly disagree

7

6

7

6

7

Strongly agree

4

5

Strongly disagree

1

6

Strongly agree

Strongly disagree

1

7

Strongly agree

Strongly disagree

1

6
Strongly agree

Strongly disagree

1

7

Strongly agree

Strongly disagree

1

6
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6

7

Strongly agree

4

5

6

7

Strongly agree
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