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ABSTRACT
Introduction The real- time continuous monitoring of 
vital parameters in patients affected by multiple chronic 
conditions and/or COVID-19 can lead to several benefits 
to the Italian National Healthcare System (IT- NHS). The 
UBiquitous Integrated CARE (UBICARE) technology is 
a novel health digital platform at the validation stage 
in hospital setting. UBICARE might support the urgent 
need for digitalisation and early intervention, as well as 
minimise the face- to- face delivery of care in both hospital 
and community- based care settings. This research 
protocol aims to design an early- stage assessment of the 
multidimensional impact induced by UBICARE within the 
IT- NHS alongside technology validation in a hospital ward.
Methods and analysis The targeted patients will 
be medium/high- risk hypertensive individuals as an 
illustrative first example of how UBICARE might bring 
benefits to susceptible patients. A mixed- method study 
will be applied to incorporate to the validation study 
a multistakeholder perspective, including perceived 
patient experiences and preferences, and facilitate 
technology adoption. First, semistructured interviews will 
be undertaken with a variety of stakeholders including 
clinicians, health managers and policy- makers to 
capture views on the likely technology utility, economic 
sustainability, impact of adoption in hospital practice and 
alternative adoption scenarios. Second, a monocentric, 
non- randomised and non- comparative clinical study, 
supplemented by the administration of standardised 
usability questionnaires to patients and health 
professionals, will validate the use of UBICARE in hospital 
practice. Finally, the results of the previous stages will be 
discussed in a multidisciplinary- facilitated workshop with 
IT- NHS relevant stakeholders to reconcile stakeholders’ 
perspectives. Limitations include a non- random 
recruitment strategy in the clinical study, small sample 
size of the key stakeholders and potential stakeholder 
recruitment bias introduced by the research technique.
Ethics and dissemination The Ethics Committee for 
Clinical Experimentation of Tuscany Region approved the 
protocol. Participation in this study is voluntary. Study 

results will be disseminated through peer- reviewed 
publications and academic conferences.

INTRODUCTION
The continuous monitoring of vital param-
eters, especially for patients affected by 
multiple comorbidities or multiple chronic 
conditions with a greater need for early inter-
vention and special care, can lead to several 
benefits in terms of health outcomes and the 
overall economic sustainability of the Italian 
National Healthcare System (IT- NHS). To 
achieve this goal, innovative, portable and 
affordable biomedical technologies that 
effectively support the automation of several 
tasks within existing clinical pathways are 
deemed as essential.1 Moreover, at the time 
of starting this study, COVID-19 is spreading 
rapidly across Europe and growing in severity. 
This pandemic shows the urgent need for 

Strengths and limitations of this study

 ► Multimethod approach assessing the impact of 
UBiquitous Integrated CARE (UBICARE) into the 
Italian National Healthcare System.

 ► Hospital- based validation of the two UBICARE com-
ponents: the real time- Early Warning Score system 
and the continuous non- invasive blood pressure 
module.

 ► Generation of multidimensional and multidisci-
plinary evidence focusing on clinical, organisational 
and human factors based on multistakeholder view.

 ► Patient and public engagement by incorporating the 
perceived user experiences and preferences into the 
early- stage assessment.

 ► Small sample size leading to limitation in the gener-
alisability of results.
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exploiting innovation and digitalisation in prevention 
and care. It is necessary to accelerate the translation 
and adoption of new or novel portable technologies and 
telemedicine systems able to minimise the face- to- face 
delivery of care and support clinical decision- making 
within a community- based care.2

As outlined in figure 1, the UBiquitous Integrated Care 
(UBICARE) technology is a novel health digital platform 
able to detect and report real time the early signs of clin-
ical deterioration using an integration of three systems: 
(1) a wearable monitoring system (UB1); (2) a digital 
health platform (UB2) and (3) a mobile monitoring 
system (UB3).

The core of the wearable component (UB1) is a medical 
device (MD), CE marked, constituted by multiple sensors 
enabling the continuous acquisition of breath frequency, 
oxygen saturation, temperature, hearth rate, respiratory 
rate, ECG, as well as the discrete cuff measurements of the 
blood pressure (BP). Moreover, UB1 has been equipped 
by the following components whose validation in a 
hospital ward is one of the primary goals of this protocol:

 ► A software dedicated to the estimates of the real- time- 
Early Warning Score (rt- EWS) and responsible for 
data transfer. The model adopted is the Modified EWS 
(MEWS) being most frequently validated and used in 
hospitals to identify clinical deterioration.3

 ► A prototype sensor for the continuous non- invasive 
BP (cNIBP) monitoring.

The other two UBICARE systems (UB2, UB3) were 
designed to suit health professionals’ specific needs. 
While UB2 enables to triage patients, carry out admissions 
and discharges, register new data and access historical 
data, UB3 is dedicated to data display and management 
of notifications and alerts. Thus, health professionals can 

always access information and easily monitor the patients’ 
health status at the remote station and/or on the move 
(ie, via smartphone, tablet or other mobile devices).

Several wearable devices equipped with vital sign sensors 
have already been introduced in hospital settings,4 5 and 
particular emphasis was taken by devices for non- invasive 
continuous BP measurement. However, existing solu-
tions offer a system that is fragmented, and from which 
is extremely difficult to obtain an overall view of the 
patients’ health condition. There is a need for an inte-
grated system, which is easy- to- use, standardised and able 
to provide mobile features. The UBICARE technology 
can bring several benefits to patients and health profes-
sionals: (1) remote, continuous and real- time monitoring 
of vital signs enabling prevention, early intervention and 
special care; (2) overview of the historical patient data/
health status that can be always consulted by health profes-
sionals; (3) alert system allowing early intervention in the 
event of rapid worsening of the patient’s health condi-
tion; (4) suitability in both hospital and community- based 
care settings. These unique characteristics lead UBICARE 
to be a promising clinical decision support tool to be also 
used in the care of COVID-19 patients, which are in isola-
tion at home or in other facilities, such as sanitary hotels. 
The UBICARE technology system is currently in its final 
form (ie, at the eighth Technology Readiness Level) at 
the validation stage in hospital setting before launch into 
IT- NHS.

This protocol provides the design for the early- 
stage assessment of the multidimensional impact of 
UBICARE within the IT- NHS alongside technology 
validation in a hospital ward. The targeted patients for 
this early- stage assessment study are medium/high- risk 
hypertensive patients6 as an illustrative first example 

Figure 1 Architecture of the UBICARE technology. UBICARE, UBiquitous Integrated CARE.
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of how UBICARE might bring benefits to susceptible 
patients. To reach these aims, a monocentric, non- 
randomised and non- comparative clinical study will be 
conducted and a qualitative approach using a multis-
takeholder perspective will be adopted to understand 
and facilitate the potential adoption of such a new clin-
ical decision support- tool into clinical routine practice.  
In the last decade, there has been an increasing use of 
multi- dimensional evaluation tools, such as Health Tech-
nology Assessment (HTA), to lead to effective and afford-
able biomedical technologies to public, patients and 
society more rapidly. HTA is the systematic evaluation of 
the clinical, health economic, societal, legal and ethical 
issues related to the introduction, dissemination and 
use of a medical technology7. It serves to generate and 
synthetize multi- disciplinary evidence to inform health 
policy, resource allocation and clinical decision- making.7 
Recently, there has been an increasing understanding of 
the need to seek a broader approach in HTA by consid-
ering additional parameters of benefit to the traditional 
ones (i.e. clinical and economic aspects).8 Indeed, organ-
isational needs and human factors (eg, usability and user 
experiences) are extremely relevant when assessing inno-
vative MDs, especially to support their translation into 
clinical practice. Anticipating the evaluation of end- user 
preferences, including an early evaluation of the likely 
organisational change induced into existing pathways and 
processes, has been effective to increase the probability of 
a better technology acceptability into real world.7 More-
over, assessing organisational needs and end- user require-
ments as soon as possible before adoption into routine 
clinical practice can enhance device performance- related 
outcomes reduce human errors, training time and mental 
efforts.9 10

Objectives
Specifically, this research study protocol aims to:
1. Validate the two UBICARE components (ie, the rt- EWS 

system and the cNIBP module) in a hospital ward.
2. Understand key drivers and barriers to adoption in a 

hospital environment. This will be achieved by:

a. Identify key stakeholders involved in the adoption, 
use and management of UBICARE.

b. Map the current clinical pathway for hypertensive 
patients in a hospital setting, eventually include 
those affected by COVID-19 to support the delivery 
of emergency medicine, and understand the poten-
tial organisational change induced by UBICARE.

c. Explore acceptability/usability requirements of 
end- users (ie, patients and healthcare profession-
als).

d. Obtain feedback on the potential clinical utility and 
economic sustainability of UBICARE, and gather 
views on the export of the technology outside hospi-
tal in order to support a community- based care and 
manage the most risky patients eventually including 
those hit by COVID-19.

METHODS
Study design
Brainstorming with the clinical leads and technology 
developers started in June 2019 and informed study 
design. A mixed- methods study will be undertaken in 
three stages (see table 1). Stakeholder recruitment started 
in early 2020 and semistructured interviews (stage 1) are 
ongoing. The clinical study (stage 2) was planned for the 
third quarter of 2020. However, there has been a delay 
due to the COVID-19 emergency. The multidisciplinary- 
facilitated workshop (stage 3) is planned for the second 
semester of 2021.

The study description is reported in accordance with 
the GRIPP2- sf checklist.11

Stage 1 will consist of semistructured interviews with 
a variety of key stakeholders for technology translation 
into the IT- NHS. The semistructured interview study 
will capture stakeholders’ views on the likely technology 
utility, economic sustainability, impact of adoption in 
a hospital setting and alternative adoption scenarios. 
Patients and patient representatives will not be involved 
at this stage. In stage 2, a monocentric, non- randomised 
and non- comparative clinical study will validate the use 

Table 1 Study outline

Method Key stakeholders

Patient 
public 
involvement Evidence generation/assessment

Stage 1 Semistructured interview study Physicians and health 
professionals; hospital 
administrative staff; health 
managers and policy makers

No Clinical utility; organisational/economic 
impact of hospital adoption; potential 
scenarios of adoption

Stage 2 Clinical study supplemented by 
standardised questionnaires

End- users (ie, hospital health 
professionals and patients)

Yes Accuracy; clinical benefits; usability/
acceptability; end- user experience/ 
satisfaction

Stage 3 Facilitated group workshop and 
dissemination

Health professionals; health 
managers; policy- makers; 
representatives of patient 
groups/ organisations

Yes Multidimensional impact of hospital 
adoption; barriers and facilitators to 
adoption; alternative adoption scenarios
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of the two abovementioned UBICARE components in 
a hospital ward. The study will be supplemented by the 
administration of standardised and paper- based ques-
tionnaires to patients and hospital health professionals 
to gather their perceived user experience/satisfaction, 
usability and acceptance of UBICARE. In addition, 
patients will be asked to report their views about alter-
native scenarios for technology adoption. Finally, stage 
3 will be a multidisciplinary- facilitated workshop with 
IT- NHS relevant stakeholders and patient representatives 
to discuss results of the previous study stages and recon-
cile stakeholders’ perspectives. Patients recruited in the 
clinical study, as well as representatives of patient organ-
isations (eg, Italian Pulmonary Hypertension Patient 
Association), will be actively engaged in stages 2 and 3, 
respectively.

The content of the semistructured interviews (stage 1), 
as well as the supplementary questionnaires to the clinical 
study (stage 2) were validated by incorporating clinical, 
ethical and technical feedbacks from the project partners.

Stage 1: semistructured interviews
A semistructured interview study will be undertaken with 
key stakeholders for the management, adoption and use 
of UBICARE in the IT- NHS hospital setting to collect 
primary data. The study will include a variety of stake-
holders allowing for a multi- dimensional prospective of 
the potential impact of UBICARE, but at the cost of a 
small sample size in each stakeholder group.

The study sample will include participants from each 
of the following stakeholder groups: (1) Primary care 
physicians; (2) Cardiologists; (3) Other specialists; (4) 
A&E doctors and nurses; (5) Members of the hospital 
administrative staff (including clinical engineers); (6) 
Health managers and policy- makers. Most clinicians 
and members of the hospital administrative staff will be 
invited to participate among those employed at Fonda-
zione Toscana Gabriele Monasterio (FTGM) where the 
clinical study (stage 2) will be carried out. We will make 
every effort to recruit health professionals working in 
other hospital centres. In additional, we will consider a 
minimum number of two interviewees from each stake-
holder group to set a feasible sample size, given time and 
resource. However, the final number of participants will 
be piloted by the interview results, as more interviews 
will be carried out until no new themes emerge. We are 
aware of the existence of potential recruitment bias intro-
duced by the typology of research, as stakeholders with 
a constructive approach towards biomedical innovation 
may be more likely to be engaged in the study.

Stakeholders will be interviewed individually through 
semistructured interviews conducted face to face or 
remotely by phone. Interviews will last for approxi-
mately 30–40 min, will be digitally recorded, and accu-
rately transcribed for text analysis. Stakeholders will be 
asked to provide an overview of current pathways and 
processes involved in managing hypertensive patients at 
the FTGM. Their views will be also captured about the 

potential impact of adopting UBICARE in a hospital 
setting employing the FTGM as an illustrative case study. 
Indeed, in the core part of the interview, participants will 
be asked a series of open questions regarding how the 
technology might be best utilised in the hospital routine 
practice, as well as its extension to home setting and other 
facilities (eg, sanitary hotels and residential care homes). 
Alternative adoption scenarios outside hospital settings 
will be explored in order to satisfy the urgent need for 
prevention, telemedicine and community- based care 
by monitoring the most vulnerable patients including 
those infected with COVID-19, who present increased 
risk for an unpredictable evolving of the disease. Partici-
pants will be encouraged to consider whether the device 
might replace existing MDs within the current clinical 
processes and pathways, or whether it would necessitate 
changes to fit with processes and pathways. To support 
this discussion, the researcher will ask professionals to 
think about the main activities, individuals, technologies 
and other aspects of the IT- NHS involved in managing 
a typical hypertensive patient. Finally, the professionals 
will be questioned about any unmet needs regarding the 
current pathways of hypertension, as well as the likely 
clinical utility, barriers for adoption, uptakes to these 
barriers, and alternative scenarios for the adoption of 
UBICARE. Participants will be also asked to reflect on, 
and provide feedback about, the potential economic 
impact of UBICARE on the IT- NHS sustainability (eg, in 
terms of potential time gained/taken when adopting the 
new technology) and the stakeholders likely to be most 
affected (eg, doctors, nurses, patients). A list of topics and 
reference questions (see online supplemental file 1) were 
developed starting from the EUnetHTA framework12 and 
will be used as a prompt track.

Stage 2: clinical study
A monocentric, non- randomised and non- comparative 
clinical study will be carried out at the FTGM, a mono-
specialty cardiac hospital in Pisa (Italy) over a period of 
5 months.

The clinical staff involved in the study at the FTGM will 
have the responsibility to (1) inform patients; (2) collect 
their informed consent; (3) verify their eligibility for 
the study; (4) complete a paper- based case report form 
gathering demographic patient data and the values of 
the measurements undertaken in the hospital routine 
practice. Health professionals will be also asked to 
complete a short, standardised questionnaire regarding 
their likelihood of using and recommending UBICARE 
(see online supplemental file 2). The grade of perceived 
user experience, usability, acceptance and professional 
trust in UBICARE will be measured through an adapted 
version of the Unified Theory of Acceptance and Use of 
Technology (UTAUT) model on a 7- point Likert scale. 
The usability questionnaire is articulated in multiple 
sections corresponding to the five predictors of the end- 
user behaviour: (1) performance expectancy; (2) effort 
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expectancy; (3) social influence; (4) facilitating condi-
tions and (5) intention to use.13

Sample selection and eligibility
The target sample size will consist of 33 patients to ensure 
an adequate statistical power for the study purposes 
according to the International Protocol of the European 
Society of Hypertension14 and its revision.15 Moreover, 
patients falling under different BP categories within the 
BP range identified by15 will be consecutively recruited 
over a period of 5 months at the FTGM. More specifically, 
the number of patients recruited in each of the three 
Systolic BP and three Diastolic BP recruitment ranges 
must be from 10 to 12 individuals to guarantee a uniform 
distribution of BP values across a representative range, 
as shown by.15 The patients enrolled in the study must 
also meet the following inclusion criteria: (1) minimum 
age older than 25 years; (2) ability to provide informed 
consent; (3) able to carry out the procedures required 
by the protocol; (4) clinical stability; (5) hospitalisation 
for any pathologies, except from those listed in the exclu-
sion criteria. Exclusion criteria concern concomitant and 
acute pathologies, such as arrhythmias or atrial fibrilla-
tion; acute renal failure; acute liver failure; pregnancy; 
skin injures making difficult wearing the technology. 
However, as we are facing the COVID-19 pandemic, even 
in its early phase, we are now considering to include also 
COVID-19 patients who show up at the FTGM with an 
increased need for continuous and systematic monitoring 
of vital parameters to support the delivery of emergency 
medicine.

Hospital-based validation of the two UBICARE components: the 
rt-EWS system and the cNIBP module
Hospital- based validation with the patients enrolled 
will be carried out to assess the accuracy of the two 
UBICARE components (ie, the rt- EWS system and the 
cNIBP module) compared with standard practice. During 
hospitalisation, patients will be asked to wear the wear-
able monitoring system (UB1) to conduct two separate 
tests: (1) the rt- EWS test, which will last for approximately 
12 hours; (2) the cNIBP test, which will end after approx-
imately 12 min. Therefore, for each UBICARE compo-
nent, a different validation procedure will be carried out 
in hospital wards.

First, the validation of the rt- EWS system will be under-
taken by comparing the measurements computed by 
UBICARE to the standard evaluations conducted by the 
FTGM staff (ie, gold standard). In this study, the minimum 
interval between the estimation of two consecutive MEWS 
scores computed by the UBICARE system will be set every 
30 min. Moreover, the validation procedure (see online 
supplemental file 3) will be similar to the one used by 
Churpek et al to evaluate the accuracy of the MEWS score 
for detecting clinical deterioration in hospital wards.16

Second, the validation of the cNIBP module will be 
carried out by comparing the measurements computed 
by UBICARE to the measurements conducted by using 

aneroid or mercury sphygmomanometers as reference 
standards. The validation procedure will follow the vali-
dation requirements stated in the International Protocol 
of the European Society of Hypertension.15 The require-
ments, based on evidence from a large number of vali-
dation studies on BP measuring devices, are in terms of 
environment, subject enrolled, observer and BP category. 
The validation procedure (see online supplemental file 
4) will be applied only to the recorded measurements, 
as well as require a supervisor and two independent 
observers.

Stage 3: multidisciplinary-facilitated workshop
Stage 3 will consist in a facilitated group workshop aiming 
to discuss the results of the previous study stages and 
reconcile stakeholders’ perspectives. The workshop will 
also focus on the discussion of the barriers and facilita-
tors to adoption in a hospital setting, as well as alternative 
adoption scenarios into the IT- NHS. Participants will be 
asked to provide their views on the findings from stages 
1 and 2, and further emergent themes will contribute to 
refine the results of the early- stage assessment study.

Influential stakeholder groups will be selected among 
those identified in stage 1, including patient repre-
sentatives. Convenience sampling will be undertaken. 
A maximum number of 12 participants will allow for a 
round table discussion format. The facilitated workshop 
will be digitally recorded, and a text analysis will be under-
taken in the same way as interviews (stage 1).

Patient public involvement
Patients and public will be actively engaged in stage 2 and 
stage 3 of this study.

In stage 2, the 33 patients enrolled in the clinical study 
will be invited to fill a lean and standardised question-
naire about their experience in the use of UBICARE (see 
online supplemental file 5). The questionnaire will be 
administered to the patient by the FTGM nursing staff 
at the end of two separate experiences with the new 
technology:

 ► The rt- EWS test, which will last for approximately 
12 hours.

 ► The cNIBP module, which will end after approxi-
mately 12 min.

The questionnaire will ask patients to report their 
subjective experience with UBICARE and assess user 
satisfaction, perceived usability and technology accepta-
bility. Patients will be also invited to report their views 
about potential barriers to adoption, uptakes to these 
barriers and alternative adoption scenarios for UBICARE. 
In addition to this, patients will have the opportunity to 
evaluate the potential use of UBICARE in a home setting, 
and report whether the availability of such a telemon-
itoring system at home might enhance daily emotional 
and psychological aspects (eg, chronic patients might 
feel relieved and more confident) resulting in a general 
improvement of quality of life. The patient question-
naire employed the UTAUT model13 and the Post Study 
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System Usability Questionnaire (PSSUQ) standard17 18 to 
assess the grade of usability and user satisfaction, using a 
7- point Likert scale. The literature documented the use 
of PSSUQ in case studies of innovative MDs.19

In stage 3, patient representatives of Italian associa-
tions for the management and care of hypertension will 
be invited to participate in a multidisciplinary- facilitated 
workshop using a round table discussion format. We will 
share and discuss the insights from the previous study 
stages to reconcile different stakeholders’ perspectives 
and further capture patient’s view.

Data management and analysis plan
The validation of the rt- EWS system will be investigated 
through receiver operating characteristic (ROC) curves 
and then estimating the area under the ROC curve (AUC) 
using the trapezoidal rule. Sensitivities and specificities of 
the cut points will be investigated with an AUC of at least 
0.6 in compliance with Churpek et al.16

Interview scripts and questionnaire data will be 
managed and stored on the servers of Sant’Anna School 
of Advanced Studies in Pisa (Italy). The servers and 
storage platforms follow the European Directive 95/46/
EC (General Data Protection Regulation).20 Patient data 
will be treated in a strictly confidential way and analysed 
in anonymous form. Indeed, no identification data will 
be saved in the survey questionnaires. The researchers of 
the Management and Health Laboratory of Sant’Anna 
School of Advanced Studies will be eventually able to 
contact patients only through the FTGM nursing staff to 
clarify any data discrepancies arose.

The researchers will proceed to analyse the collected 
data using three main analysis techniques: (1) process 
mapping; (2) thematic analysis of qualitative data and (3) 
descriptive statistics. Process Mapping will be employed to 
map out the clinical pathway of hypertension described 
by stakeholders. Two researchers with expertise in qual-
itative research will coanalyse the data independently 
to minimise bias. Initially, interview data will be coded 
based on the predetermined themes; it is expected that 
additional emergent themes will arise. If required, partic-
ipants will be contacted to clarify issues in interpretation.

Interview data will be analysed with NVivo V.10.1.1 soft-
ware (QSR International, Melbourne, Victoria, Australia). 
Statistical analyses will be performed using SPSS, V.19 for 
Windows (IBM). For statistical analyses, the CIs will be set 
at 95%. Descriptive statistics, such as frequency, mean, SD 
and percentages, will be used to describe patient demo-
graphics, and the grade of usability, acceptability and 
professional trust perceived by the end- users of UBICARE.

ETHICS AND DISSEMINATION
The protocol received the approval from the Ethical 
Committee for Clinical Experimentation of the Tuscany 
Region on 10 October 2019 (Prot: 2019/0027222/GEN).

The clinical study will be carried out in the scrupu-
lous respect of the protocol and in compliance with the 

recommendations of Declaration of Helsinki and its revi-
sions, as well as the ethical principles that inspire medical 
activity.

Participation in this study is voluntary for both patients 
and professionals. During stakeholder recruitment, all 
potential participants will make an informed decision 
about their participation and they have the right to with-
draw at any time. Similarly, the FTGM health staff will 
allow patients to make an informed decision regarding 
their participation in this study. The right of the patient 
to refuse to participate, or withdraw at any time, will be 
respected without compromising the quality of clinical 
assistance received. The FTGM doctors can decide to 
suspend the procedure for a patient if there will be a 
suspicion of health risk, or in the interest of data quality 
produced by the study itself. No financial or other remu-
neration will be directly offered to participants.

The study results will be disseminated through peer- 
reviewed publications, academic conferences and formal 
presentations to patient representatives, health profes-
sionals and practitioners and policy- makers.

LIMITATIONS
This study design does have some limitations.

Patient recruitment in the clinical study will be decided 
and managed by the clinical investigator. We are aware 
that a non- random recruitment strategy may lead to 
potential confounders and risk of bias in the interpreta-
tion of the results of the clinical study.21

In addition to this, when facing with sparse, fragmented 
and multidimensional evidence reporting on the clinical 
translation of innovative MDs, the particular nature of 
the research may introduce several limitations that are 
common to qualitative techniques, such as sample size 
and recruitment bias.22 First, the small sample of key 
stakeholders for technology adoption may not be repre-
sentative. Second, since study participation requires a 
time burden to attend interviews and group workshop, 
only the stakeholders with a positive attitude towards tech-
nology innovations may be more interested to spend time 
and be engaged. These limitations may be overcome by 
a random sampling approach that, unfortunately, would 
not be feasible in the present study.
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Supplementary file 1. Semi-structured Interview Template  

MONITORING OF VITAL PARAMETERS FOR HYPERTENSIVE PATIENTS IN A HOSPITAL SETTING 

- Monitoring of vital parameters in current hospital pathways (e.g. responsibility, task organization, issues)  

- Management of vital parameter alteration (i.e. risk situation) 

- Potential use of integrated technologies that allow automation of tasks for vital parameter monitoring and data digitalisation 
(e.g. clinical records transcription) within hospital routine practice 

- Compliance with protocols and/or guidelines in the monitoring of vital parameters 

- Compliance with protocols and/or guidelines in the management of wearable devices to be used in a hospital setting (e.g. 
prevention of infections) 

INTRODUCTION OF UBICARE INTO ROUTINE CLINICAL PRACTICE 

- Potential organizational impact induced by UBICARE into current pathways and routines in a hospital setting 

- Potential changes in managing risk situations (e.g. unpredictable escalation of vital parameters) and/or the most vulnerable 
patients (i.e. those affected by pre-existing chronic conditions, COVID-19 etc.)  

- Discussion of alternative adoption scenarios for UBICARE to support the need for prevention, tele-medicine and community-
based care (i.e. home, sanitary hotels, residential care home etc.)  

ECONOMIC SUSTAINABILITY  

- Potential economic impact of UBICARE into the IT-NHS  

- Discussion of the likely maintenance services and costs of UBICARE 
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Supplementary file 2. Professional Questionnaire Template  

Section A. Monitoring of vital parameters – mapping the current process and pathway 

1. Years of professional experience in managing hypertension/cardiovascular-risk patients: 

- Less than 5 years 

- Between 5 and 8 years 

-  More than 8 years 
 

2. In monitoring all the relevant vital parameters of hospitalized patients, I am used to: 

- Technology like UBICARE  

- No integrated technology for vital parameters monitoring and data digitalisation 
 

3. On a scale between 0 and 5, please rate the following statements:  

 

 

       4.     Spent hours/month in repeated activities (e.g. clinical records transcription) eligible for automatization: 

- Less than 5 hours 

- Between 5 and 10 hours 

- More than 10 hours 

5. Do you acknowledge problems in managing risky conditions (e.g. variation in patient vital parameters) and/or in 

executing repeated activities in the current organisational processes? If so, list them below. 

________________________________________________ ________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Never 

Seldom 
rarely (once) 

Rarely  
(2/3 times) 

Sometimes 
(4/5 times) 

Often (more 
than 5 
times) 

Very often 
(every day) 

Times per month an emergency 

intervention follows the observation 

of a variation in patient vital 

parameters (acute pathology). 

0 1 2 3 4 5 

Times per month an emergency 

intervention follows the observation 

of a variation in patient vital 

parameters (not acute pathology). 

0 1 2 3 4 5 
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Section B. UBICARE economic sustainability  

6. The adoption of UBICARE technology allows:  

 

 

Section C. Identification tool of professionals affected by the introduction of UBICARE  
 

7. On a scale from 1 to 5, please rate the influence and importance of each professional on the current pathways and 

processes. Please add other professional profiles when suitable. 

List of actors involved in UBICARE adoption 
 
Professional profile 

Influence (from 1 to 5) Importance (from 1 to 5) 

1. Physician   

2. Nurse   

3. Superintendent-steward   

4. Purchasing officer   

5. Pharmacist   

6. ICT flows responsible   

7. Clinical Engineer    

8. Medical Director   

9. …   

10. …   

 

 

 
 

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

Reduction of spent hours in 

repeated activities with low 

added value. 
7 6 5 4 3 2 1 

More rapid intervention on 

patient in emergency due to a 

variation in patient vital 

parameters.  

7 6 5 4 3 2 1 

Reduction of risks and adverse 

clinical outcomes. 7 6 5 4 3 2 1 

Reduction in time the patient 

spends in high care units. 7 6 5 4 3 2 1 

Reduction of hospitalisation 

days in low care units (e.g. 

early discharge). 
7 6 5 4 3 2 1 
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Section D. Usability and acceptability of UBICARE 

 

8. Expectations on technology performance - I wander the adoption of the new technology UBICARE will allow: 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

Better quality of my 

work. 7 6 5 4 3 2 1 

More rapid execution 

of my work tasks. 7 6 5 4 3 2 1 

Support to critical 

aspects of my work. 7 6 5 4 3 2 1 

Higher personal 

productivity. 7 6 5 4 3 2 1 

Better personal 

performance at work. 7 6 5 4 3 2 1 

Higher efficacy of my 

work. 7 6 5 4 3 2 1 

Simpler daily routine.  7 6 5 4 3 2 1 

Simpler daily routine 

for the other clinicians. 7 6 5 4 3 2 1 

Better patients’ clinical 
outcomes. 7 6 5 4 3 2 1 

Better patients’    
experience. 7 6 5 4 3 2 1 
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9. Expectations on efforts to use UBICARE  

 

10. Facilitating conditions  

 

11. Social influence  

 
Absolutely 

agree 
     

Absolutely 
disagree 

If my colleagues would 
like to adopt the new 
technology UBICARE, I 
will be more open to 
implement UBICARE in 
my ward. 

7 6 5 4 3 2 1 

 

12. Intention to use 

 
Absolutely 

agree 
     

Absolutely 
disagree 

Would you adopt the 

new technology 

UBICARE in your 

clinical practice? 

7 6 5 4 3 2 1 

UBICARE is useful in 

monitoring vital 

parameters of patients 

at home.  

7 6 5 4 3 2 1 

Would you advise your 

patients to use 

UBICARE at home to 

monitor the vital 

parameters? 

 

7 6 5 4 3 2 1 

 

 

 Very easy      Very difficult 

I easily used UBICARE 7 6 5 4 3 2 1 

I easily developed the 
necessary 
competences to use 
UBICARE. 

7 6 5 4 3 2 1 

 
Absolutely 

agree 
     

Absolutely 
disagree 

The technological 

maturity of my hospital 

workplace is suitable to 

adopt the new 

technology UBICARE. 

7 6 5 4 3 2 1 

I have the necessary 
knowledge to use 
UBICARE. 

7 6 5 4 3 2 1 
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Supplementary file 3. Validation procedure of the rt-EWS system 
 
Patient dressing 

Firstly, the clinical staff helps the patient to dress the wearable device. Specifically, each patient wears a cuff for the BP test, a temperature 

sensor, five electrodes for the EKG able to record and compute the heat rate and respiratory rate. In addition, the operator annotates 

the Alert-Verbal-Pain-Unresponsive score (AVPU).  

 

System configuration and monitoring activation 

The monitoring is activated using the rt-EWS management software. The heart rate, respiratory rate and temperature parameters are 

acquired with a frequency equal to 1 Hz for the first two measurements and to 0.2 Hz for the third measurement. 

The blood pressure and the AVPU measurements are carried out every 30 minutes and the MEWS score consequently updated.  

The monitoring lasts 12 hours. During the acquisition, each MEWS score computed by the rt-EWS system is reported by the nurse staff 

and/or physicians in the column “Clinical deterioration risk (UBICARE)” of the patient form (Figure 1). Furthermore, nurses and/or 

physicians record the standard measurements in the column “Clinical deterioration risk (gold standard)” of the patient form. 

Monitoring deactivation 

After 12 hours the monitoring is deactivated and the device removed.  

      

Medical records     Legend 

Patient ID    
MEWS score 

Level of  
clinical deterioration risk 

Gender (F/M)    0-2 Low (L) 

Age    3-4 Medium (M) 

Date of birth    >=5 High (H) 

Ward      

Room n°      

Bed n°      

  

Date of the rt-EWS registration 
(dd/mm/yy)      

      

Time of measurement 

(hh:mm) 

Level of clinical deterioration 

risk UBICARE     

Low (L) - Medium (M) - High (H)        

Level of clinical deterioration risk  

GOLD STANDARD 

Low (L) - Medium (M) - High (H) 

 

 

 

       

    

    

 

Figure 1. Patient form 

 

 

Recording of true and false positives 

The data acquired through the rt-EWS system are compared to the standard practice to identify true and false positives. 
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Low clinical 
deterioration risk 

Operator 
(standard 
practice) 

 Medium clinical 
deterioration risk 

Operator 
(standard 
practice) 

 High clinical 
deterioration risk 

Operator 
(standard 
practice) 

P     N  P N  P N 

rt-EWS 
system 

P    rt-EWS 
system 

P    rt-EWS 
system 

P   

N    N    N   

(a)  (b)  (c) 

Figure 2. EWS outcome validation  

 
The MEWS score (Figure 1, legend) allows the identification of the clinical deterioration risk (i.e. low, medium, high).  

The tables above are used to compare the measurements obtained with the two different approaches (rt-EWS system vs. standard 

practice). The aim is to identify true and false positives for each level of the clinical deterioration risk. When the rt-EWS system identifies 

a level of clinical deterioration risk and the operator (standard practice) do not confirm the level, a false positive/negative is registered. 

When the rt-EWS system identifies a level of clinical deterioration risk that is confirmed by the operator (standard practice), a true 

positive/negative is recorded. 

 

A method to identify optimal thresholds is based on the construction of the ROC curve. Since we are dealing with a non-binary classifier, 

it is necessary to build a number of ROC curves corresponding to the number of thresholds to set (n=2) according to the following criteria: 

1. Threshold 1 (s1) for the identification of the class with low clinical deterioration risk. 

2. Threshold 2 (s2) for the identification of the class with high clinical deterioration risk. 

3. The class with medium clinical deterioration risk will be identified as the one corresponding to the values between threshold 1 (s1) and 

threshold 2 (s2). 

 

Concerning the parameter s1, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

 

1) True positive s1 (TP1): the clinical deterioration risk assessed by the operator is low (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
2) True negative s1 (TN1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1) 
3) False positive s1 (FP1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1), while the clinical 

deterioration risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
4) False negative s1 (FN1): the clinical deterioration risk assessed by the operator is low (score_o = 1), while the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1); 

Given the values obtained for parameters TP1, TN1, FP1, FN1, for each threshold value, s1, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR1_i = TP1_i / (TP1_i + FN1_i)], the system's ability to correctly identify the condition of low clinical deterioration risk 

among all conditions of low clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR1_i = FP1_i / (FP1_i + TN1_i) = 1-TNR1_i], probability that the system detects false conditions of low 

clinical deterioration risk. 

 

Similarly, the parameter s2 ranges from a minimum of -1 to a maximum of 13. 

 

Concerning the parameter s2, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

1) True positive s2 (TP2): the clinical deterioration risk assessed by the operator is high (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s2) 
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2) True negative s2 (TN2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2) 

3) False positive s2 (FP2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) while the clinical 

deterioration risk computed by the system is high (score_e = 1, rtEWS ≤ s2) 
4) False negative s2 (FN2) the clinical deterioration risk assessed by the operator is high (score_o = 1) while the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2); 

Given the values obtained for parameters TP2, TN2, FP2, FN2, for each threshold value, s2, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR2_i = TP2_i / (TP2_i + FN2_i)], the system's ability to correctly identify the condition of high clinical deterioration risk 

among all conditions of high clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR2_i = FP1_i / (FP2_i + TN2_i) = 1-TNR1_i], probability that the system detects false conditions of high 

clinical deterioration risk. 
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 BP1 BP3 BP5 BP7 

 SBP DBP SBP DBP SBP DBP SBP DBP 

Observer 1 
record (1) 

        

Observer 2 
record (2)         

Mean (3)         

Diff (4)         

Table 1. Procedure to estimate BP error type 

 
Error data of each participant must be grouped and – to consider the validation procedure is successful – it must be verified that: 

 For at least 24 out of the 33 participants, 2 error values (out of 3) of the measurements of both Systolic Blood Pressure (SBP) 

and Diastolic Blood Pressure (DBP) are categorized as “A” error type. 

 For 3 participants maximum, no one of the error values (out of 3) of the SBP and DBP measurements are categorized as “B” 
error type. 

 

 

 

 

 BP2 BP4 BP6  Result –  

Error type 

Error 

(mmHg) 

Measurement 

Accuracy 

 SBP DBP SBP DBP SBP DBP  A 0-5 mmHg High accuracy 

cNIBP_Meas (5)        B 6-10 mmHg Slight accuracy 

cNIBP_Meas -
Rif_M_ante (6)       

 C 11-15 mmHg Mild accuracy 

cNIBP_Meas -
Rif_M_post(7)       

 D >15 mmHg Low accuracy 

Minimum 
difference (8)       

    

Error group (9) A B C D A B C D A B C D A B C D A B C D A B C D  Within 5 mmHg 

       SBP DBP 

Number of A  
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Supplementary file 5. Patient Questionnaire Template  

ID 

Birth year 

Gender 

Chronic condition (1,2,3) 

 

The questionnaire - designed to be administered to the group of selected patients after the usage of UBICARE - is structured in 
four sections: 1. Usability of the wearable technology Win-Pack 2. Usage of the integrated online platform UBICARE. 3. User 
satisfaction 4. Final section.  
 

 Part A. Blood pressure measurement  

 
1. Usability of the wearable technology Win-Pack 

1. Comfortability 

 

 

2. Was necessary the nurse intervention to re-adjust the device components during the measurement? 
- Yes 
- No 

 
3. If that is the case, how many times?  

- Once 
- 2/3 times 
- More than 3 times 

 
4. Movement  

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

I can move when 
using the wearable 
device UBICARE. 

7 6 5 4 3 2 1 

2. Usage of the integrated online platform UBICARE (items below, Part B.) 

3. User satisfaction 

       5. Overall satisfaction 

 
Absolutely 

yes 
  

Nor agree  

nor disagree 
  

Absolutely 

no 

Overall, I am 
satisfied about the 
experience of blood 
measurement with 
the wearable device 
UBICARE. 

7 6 5 4 3 2 1 

4. Final section (items below, Part B.) 

 

 

 Absolutely 
yes 

  
Nor agree 

nor disagree 
  

Absolutely 
no 

I feel comfortable 

when using the 

wearable device 

UBICARE. 

7 6 5 4 3 2 1 
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Part B. Vital parameters measurement  

1. Usability of the wearable technology Win-Pack 

6.  Comfortability 

 

7. Was necessary the nurse intervention to re-adjust the device components during the measurement?  

- Yes 
- No 

 
8. If that is the case, how many times? 

- Once 
- 2/3 times 
- More than 3 times 

 
9. While using the UBICARE device, did you receive not planned checks form the physicians/nurses because of alerts? 

- Yes 
- No 
- Do not know 

 
10. If that is the case, how many times? 

- Once 
- 2/3 times 
- More than 3 times 

 
11. Movement  

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

I can move when 
using the wearable 
device UBICARE. 

7 6 5 4 3 2 1 

 

2. Usage of the integrated online platform UBICARE 

12. Reassurance  

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

I feel reassured with 
UBICARE that allow 
the continuous 

monitoring of my 
vital parameters and 
clinicians can know 
more precisely my 
health conditions. 

7 6 5 4 3 2 1 

 

 

13. The UBICARE technology is able to detect any variation in the vital parameters and make alerts to the clinicians. Do 

you think it could facilitate the management of the risks caused by your pathology (e.g. one of your vital parameters 

gets worse in a while and the clinicians are immediately notified by an alert)? 

- Yes 
- No 
- Do not know 

 Absolutely 
yes 

  
Nor agree 

nor disagree 
  

Absolutely 
no 

I feel comfortable 
when using the 
wearable device 
UBICARE. 

7 6 5 4 3 2 1 
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14.   By adopting UBICARE, the clinicians will not necessarily visit you to take the vital parameters measures. What will be the effect 

on your relationship with physicians and nurses?  

- The relationship will get worse 
- The relationship will improve 
- No effect 
- Do not know 

3. User satisfaction 

15. Overall satisfaction 

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

Overall, I am 

satisfied about the 

experience of vital 

parameters 

measurement with 

the wearable device 

UBICARE. 

7 6 5 4 3 2 1 

 

16. Do you think this measurement methodology could facilitate your treatment by the hospital clinicians? 

- Yes 
- No 
- Do not know 
 

17. If someone you trust (e.g. the physician) advises you to keep using the UBICARE device also at home to monitor your 

vital parameters, would you accept? 

- Yes 
- No 
- Do not know 
 

18. Wherever feasible, would you keep using the UBICARE device also at home to monitor your vital parameters?  
- Yes 
- No 
- Do not know 

4. Final section 

19. In your opinion, UBICARE is a device: 

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

Useful for the 
continuous 
monitoring of the 
patient. 

7 6 5 4 3 2 1 

Useful to improve 
the care pathway. 

7 6 5 4 3 2 1 

Useful to reduce the 
clinician monitoring 
activities, while 
increasing the time 
used to dialogue 
with the patient. 

7 6 5 4 3 2 1 
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Supplementary file 1. Semi-structured Interview Template  

MONITORING OF VITAL PARAMETERS FOR HYPERTENSIVE PATIENTS IN A HOSPITAL SETTING 

- Monitoring of vital parameters in current hospital pathways (e.g. responsibility, task organization, issues)  

- Management of vital parameter alteration (i.e. risk situation) 

- Potential use of integrated technologies that allow automation of tasks for vital parameter monitoring and data digitalisation 
(e.g. clinical records transcription) within hospital routine practice 

- Compliance with protocols and/or guidelines in the monitoring of vital parameters 

- Compliance with protocols and/or guidelines in the management of wearable devices to be used in a hospital setting (e.g. 
prevention of infections) 

INTRODUCTION OF UBICARE INTO ROUTINE CLINICAL PRACTICE 

- Potential organizational impact induced by UBICARE into current pathways and routines in a hospital setting 

- Potential changes in managing risk situations (e.g. unpredictable escalation of vital parameters) and/or the most vulnerable 
patients (i.e. those affected by pre-existing chronic conditions, COVID-19 etc.)  

- Discussion of alternative adoption scenarios for UBICARE to support the need for prevention, tele-medicine and community-
based care (i.e. home, sanitary hotels, residential care home etc.)  

ECONOMIC SUSTAINABILITY  

- Potential economic impact of UBICARE into the IT-NHS  

- Discussion of the likely maintenance services and costs of UBICARE 
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Supplementary file 2. Professional Questionnaire Template  

Section A. Monitoring of vital parameters – mapping the current process and pathway 

1. Years of professional experience in managing hypertension/cardiovascular-risk patients: 

- Less than 5 years 

- Between 5 and 8 years 

-  More than 8 years 
 

2. In monitoring all the relevant vital parameters of hospitalized patients, I am used to: 

- Technology like UBICARE  

- No integrated technology for vital parameters monitoring and data digitalisation 
 

3. On a scale between 0 and 5, please rate the following statements:  

 

 

       4.     Spent hours/month in repeated activities (e.g. clinical records transcription) eligible for automatization: 

- Less than 5 hours 

- Between 5 and 10 hours 

- More than 10 hours 

5. Do you acknowledge problems in managing risky conditions (e.g. variation in patient vital parameters) and/or in 

executing repeated activities in the current organisational processes? If so, list them below. 

________________________________________________ ________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Never 

Seldom 
rarely (once) 

Rarely  
(2/3 times) 

Sometimes 
(4/5 times) 

Often (more 
than 5 
times) 

Very often 
(every day) 

Times per month an emergency 

intervention follows the observation 

of a variation in patient vital 

parameters (acute pathology). 

0 1 2 3 4 5 

Times per month an emergency 

intervention follows the observation 

of a variation in patient vital 

parameters (not acute pathology). 

0 1 2 3 4 5 
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Section B. UBICARE economic sustainability  

6. The adoption of UBICARE technology allows:  

 

 

Section C. Identification tool of professionals affected by the introduction of UBICARE  
 

7. On a scale from 1 to 5, please rate the influence and importance of each professional on the current pathways and 

processes. Please add other professional profiles when suitable. 

List of actors involved in UBICARE adoption 
 
Professional profile 

Influence (from 1 to 5) Importance (from 1 to 5) 

1. Physician   

2. Nurse   

3. Superintendent-steward   

4. Purchasing officer   

5. Pharmacist   

6. ICT flows responsible   

7. Clinical Engineer    

8. Medical Director   

9. …   

10. …   

 

 

 
 

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

Reduction of spent hours in 

repeated activities with low 

added value. 
7 6 5 4 3 2 1 

More rapid intervention on 

patient in emergency due to a 

variation in patient vital 

parameters.  

7 6 5 4 3 2 1 

Reduction of risks and adverse 

clinical outcomes. 7 6 5 4 3 2 1 

Reduction in time the patient 

spends in high care units. 7 6 5 4 3 2 1 

Reduction of hospitalisation 

days in low care units (e.g. 

early discharge). 
7 6 5 4 3 2 1 
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Section D. Usability and acceptability of UBICARE 

 

8. Expectations on technology performance - I wander the adoption of the new technology UBICARE will allow: 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

Better quality of my 

work. 7 6 5 4 3 2 1 

More rapid execution 

of my work tasks. 7 6 5 4 3 2 1 

Support to critical 

aspects of my work. 7 6 5 4 3 2 1 

Higher personal 

productivity. 7 6 5 4 3 2 1 

Better personal 

performance at work. 7 6 5 4 3 2 1 

Higher efficacy of my 

work. 7 6 5 4 3 2 1 

Simpler daily routine.  7 6 5 4 3 2 1 

Simpler daily routine 

for the other clinicians. 7 6 5 4 3 2 1 

Better patients’ clinical 
outcomes. 7 6 5 4 3 2 1 

Better patients’    
experience. 7 6 5 4 3 2 1 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-040738:e040738. 10 2020;BMJ Open, et al. Manetti S



4 

 

 
 

9. Expectations on efforts to use UBICARE  

 

10. Facilitating conditions  

 

11. Social influence  

 
Absolutely 

agree 
     

Absolutely 
disagree 

If my colleagues would 
like to adopt the new 
technology UBICARE, I 
will be more open to 
implement UBICARE in 
my ward. 

7 6 5 4 3 2 1 

 

12. Intention to use 

 
Absolutely 

agree 
     

Absolutely 
disagree 

Would you adopt the 

new technology 

UBICARE in your 

clinical practice? 

7 6 5 4 3 2 1 

UBICARE is useful in 

monitoring vital 

parameters of patients 

at home.  

7 6 5 4 3 2 1 

Would you advise your 

patients to use 

UBICARE at home to 

monitor the vital 

parameters? 

 

7 6 5 4 3 2 1 

 

 

 Very easy      Very difficult 

I easily used UBICARE 7 6 5 4 3 2 1 

I easily developed the 
necessary 
competences to use 
UBICARE. 

7 6 5 4 3 2 1 

 
Absolutely 

agree 
     

Absolutely 
disagree 

The technological 

maturity of my hospital 

workplace is suitable to 

adopt the new 

technology UBICARE. 

7 6 5 4 3 2 1 

I have the necessary 
knowledge to use 
UBICARE. 

7 6 5 4 3 2 1 
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Supplementary file 3. Validation procedure of the rt-EWS system 
 
Patient dressing 

Firstly, the clinical staff helps the patient to dress the wearable device. Specifically, each patient wears a cuff for the BP test, a temperature 

sensor, five electrodes for the EKG able to record and compute the heat rate and respiratory rate. In addition, the operator annotates 

the Alert-Verbal-Pain-Unresponsive score (AVPU).  

 

System configuration and monitoring activation 

The monitoring is activated using the rt-EWS management software. The heart rate, respiratory rate and temperature parameters are 

acquired with a frequency equal to 1 Hz for the first two measurements and to 0.2 Hz for the third measurement. 

The blood pressure and the AVPU measurements are carried out every 30 minutes and the MEWS score consequently updated.  

The monitoring lasts 12 hours. During the acquisition, each MEWS score computed by the rt-EWS system is reported by the nurse staff 

and/or physicians in the column “Clinical deterioration risk (UBICARE)” of the patient form (Figure 1). Furthermore, nurses and/or 

physicians record the standard measurements in the column “Clinical deterioration risk (gold standard)” of the patient form. 

Monitoring deactivation 

After 12 hours the monitoring is deactivated and the device removed.  

      

Medical records     Legend 

Patient ID    
MEWS score 

Level of  
clinical deterioration risk 

Gender (F/M)    0-2 Low (L) 

Age    3-4 Medium (M) 

Date of birth    >=5 High (H) 

Ward      

Room n°      

Bed n°      

  

Date of the rt-EWS registration 
(dd/mm/yy)      

      

Time of measurement 

(hh:mm) 

Level of clinical deterioration 

risk UBICARE     

Low (L) - Medium (M) - High (H)        

Level of clinical deterioration risk  

GOLD STANDARD 

Low (L) - Medium (M) - High (H) 

 

 

 

       

    

    

 

Figure 1. Patient form 

 

 

Recording of true and false positives 

The data acquired through the rt-EWS system are compared to the standard practice to identify true and false positives. 
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Low clinical 
deterioration risk 

Operator 
(standard 
practice) 

 Medium clinical 
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Figure 2. EWS outcome validation  

 
The MEWS score (Figure 1, legend) allows the identification of the clinical deterioration risk (i.e. low, medium, high).  

The tables above are used to compare the measurements obtained with the two different approaches (rt-EWS system vs. standard 

practice). The aim is to identify true and false positives for each level of the clinical deterioration risk. When the rt-EWS system identifies 

a level of clinical deterioration risk and the operator (standard practice) do not confirm the level, a false positive/negative is registered. 

When the rt-EWS system identifies a level of clinical deterioration risk that is confirmed by the operator (standard practice), a true 

positive/negative is recorded. 

 

A method to identify optimal thresholds is based on the construction of the ROC curve. Since we are dealing with a non-binary classifier, 

it is necessary to build a number of ROC curves corresponding to the number of thresholds to set (n=2) according to the following criteria: 

1. Threshold 1 (s1) for the identification of the class with low clinical deterioration risk. 

2. Threshold 2 (s2) for the identification of the class with high clinical deterioration risk. 

3. The class with medium clinical deterioration risk will be identified as the one corresponding to the values between threshold 1 (s1) and 

threshold 2 (s2). 

 

Concerning the parameter s1, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

 

1) True positive s1 (TP1): the clinical deterioration risk assessed by the operator is low (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
2) True negative s1 (TN1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1) 
3) False positive s1 (FP1): the clinical deterioration risk assessed by the operator is not low (score_o ≠ 1), while the clinical 

deterioration risk computed by the system is low (score_e = 1, rtEWS ≤ s1) 
4) False negative s1 (FN1): the clinical deterioration risk assessed by the operator is low (score_o = 1), while the clinical 

deterioration risk computed by the system is not low (score_e ≠ 1, rtEWS & gt; s1); 

Given the values obtained for parameters TP1, TN1, FP1, FN1, for each threshold value, s1, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR1_i = TP1_i / (TP1_i + FN1_i)], the system's ability to correctly identify the condition of low clinical deterioration risk 

among all conditions of low clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR1_i = FP1_i / (FP1_i + TN1_i) = 1-TNR1_i], probability that the system detects false conditions of low 

clinical deterioration risk. 

 

Similarly, the parameter s2 ranges from a minimum of -1 to a maximum of 13. 

 

Concerning the parameter s2, for each value of MEWS computed by the rt-EWS system and compared to the standard measurements 

made by the clinical operator, there are 4 possible outcomes: 

1) True positive s2 (TP2): the clinical deterioration risk assessed by the operator is high (score_o = 1) and the clinical deterioration 

risk computed by the system is low (score_e = 1, rtEWS ≤ s2) 
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2) True negative s2 (TN2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) and also the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2) 

3) False positive s2 (FP2): the clinical deterioration risk assessed by the operator is not high (score_o ≠ 1) while the clinical 

deterioration risk computed by the system is high (score_e = 1, rtEWS ≤ s2) 
4) False negative s2 (FN2) the clinical deterioration risk assessed by the operator is high (score_o = 1) while the clinical 

deterioration risk computed by the system is not high (score_e ≠ 1, rtEWS & gt; s2); 

Given the values obtained for parameters TP2, TN2, FP2, FN2, for each threshold value, s2, within the considered range [-1 13], the 

following performance measures are calculated: 

- Sensitivity [TPR2_i = TP2_i / (TP2_i + FN2_i)], the system's ability to correctly identify the condition of high clinical deterioration risk 

among all conditions of high clinical deterioration risk actually existing; 

- Fraction of False Positives [FPR2_i = FP1_i / (FP2_i + TN2_i) = 1-TNR1_i], probability that the system detects false conditions of high 

clinical deterioration risk. 
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 BP1 BP3 BP5 BP7 

 SBP DBP SBP DBP SBP DBP SBP DBP 

Observer 1 
record (1) 

        

Observer 2 
record (2)         

Mean (3)         

Diff (4)         

Table 1. Procedure to estimate BP error type 

 
Error data of each participant must be grouped and – to consider the validation procedure is successful – it must be verified that: 

 For at least 24 out of the 33 participants, 2 error values (out of 3) of the measurements of both Systolic Blood Pressure (SBP) 

and Diastolic Blood Pressure (DBP) are categorized as “A” error type. 

 For 3 participants maximum, no one of the error values (out of 3) of the SBP and DBP measurements are categorized as “B” 
error type. 

 

 

 

 

 BP2 BP4 BP6  Result –  

Error type 

Error 

(mmHg) 

Measurement 

Accuracy 

 SBP DBP SBP DBP SBP DBP  A 0-5 mmHg High accuracy 

cNIBP_Meas (5)        B 6-10 mmHg Slight accuracy 

cNIBP_Meas -
Rif_M_ante (6)       

 C 11-15 mmHg Mild accuracy 

cNIBP_Meas -
Rif_M_post(7)       

 D >15 mmHg Low accuracy 

Minimum 
difference (8)       

    

Error group (9) A B C D A B C D A B C D A B C D A B C D A B C D  Within 5 mmHg 

       SBP DBP 

Number of A  
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Supplementary file 5. Patient Questionnaire Template  

ID 

Birth year 

Gender 

Chronic condition (1,2,3) 

 

The questionnaire - designed to be administered to the group of selected patients after the usage of UBICARE - is structured in 
four sections: 1. Usability of the wearable technology Win-Pack 2. Usage of the integrated online platform UBICARE. 3. User 
satisfaction 4. Final section.  
 

 Part A. Blood pressure measurement  

 
1. Usability of the wearable technology Win-Pack 

1. Comfortability 

 

 

2. Was necessary the nurse intervention to re-adjust the device components during the measurement? 
- Yes 
- No 

 
3. If that is the case, how many times?  

- Once 
- 2/3 times 
- More than 3 times 

 
4. Movement  

 
Absolutely 

yes 
  

Nor agree 
nor disagree 

  
Absolutely 

no 

I can move when 
using the wearable 
device UBICARE. 

7 6 5 4 3 2 1 

2. Usage of the integrated online platform UBICARE (items below, Part B.) 

3. User satisfaction 

       5. Overall satisfaction 

 
Absolutely 

yes 
  

Nor agree  

nor disagree 
  

Absolutely 

no 

Overall, I am 
satisfied about the 
experience of blood 
measurement with 
the wearable device 
UBICARE. 

7 6 5 4 3 2 1 

4. Final section (items below, Part B.) 

 

 

 Absolutely 
yes 

  
Nor agree 

nor disagree 
  

Absolutely 
no 

I feel comfortable 

when using the 

wearable device 

UBICARE. 

7 6 5 4 3 2 1 
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Part B. Vital parameters measurement  

1. Usability of the wearable technology Win-Pack 

6.  Comfortability 

 

7. Was necessary the nurse intervention to re-adjust the device components during the measurement?  

- Yes 
- No 

 
8. If that is the case, how many times? 

- Once 
- 2/3 times 
- More than 3 times 

 
9. While using the UBICARE device, did you receive not planned checks form the physicians/nurses because of alerts? 

- Yes 
- No 
- Do not know 

 
10. If that is the case, how many times? 

- Once 
- 2/3 times 
- More than 3 times 

 
11. Movement  

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

I can move when 
using the wearable 
device UBICARE. 

7 6 5 4 3 2 1 

 

2. Usage of the integrated online platform UBICARE 

12. Reassurance  

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

I feel reassured with 
UBICARE that allow 
the continuous 

monitoring of my 
vital parameters and 
clinicians can know 
more precisely my 
health conditions. 

7 6 5 4 3 2 1 

 

 

13. The UBICARE technology is able to detect any variation in the vital parameters and make alerts to the clinicians. Do 

you think it could facilitate the management of the risks caused by your pathology (e.g. one of your vital parameters 

gets worse in a while and the clinicians are immediately notified by an alert)? 

- Yes 
- No 
- Do not know 

 Absolutely 
yes 

  
Nor agree 

nor disagree 
  

Absolutely 
no 

I feel comfortable 
when using the 
wearable device 
UBICARE. 

7 6 5 4 3 2 1 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-040738:e040738. 10 2020;BMJ Open, et al. Manetti S



3 

 

 
14.   By adopting UBICARE, the clinicians will not necessarily visit you to take the vital parameters measures. What will be the effect 

on your relationship with physicians and nurses?  

- The relationship will get worse 
- The relationship will improve 
- No effect 
- Do not know 

3. User satisfaction 

15. Overall satisfaction 

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

Overall, I am 

satisfied about the 

experience of vital 

parameters 

measurement with 

the wearable device 

UBICARE. 

7 6 5 4 3 2 1 

 

16. Do you think this measurement methodology could facilitate your treatment by the hospital clinicians? 

- Yes 
- No 
- Do not know 
 

17. If someone you trust (e.g. the physician) advises you to keep using the UBICARE device also at home to monitor your 

vital parameters, would you accept? 

- Yes 
- No 
- Do not know 
 

18. Wherever feasible, would you keep using the UBICARE device also at home to monitor your vital parameters?  
- Yes 
- No 
- Do not know 

4. Final section 

19. In your opinion, UBICARE is a device: 

 
Absolutely 

yes 
  

Nor agree  
nor disagree 

  
Absolutely 

no 

Useful for the 
continuous 
monitoring of the 
patient. 

7 6 5 4 3 2 1 

Useful to improve 
the care pathway. 

7 6 5 4 3 2 1 

Useful to reduce the 
clinician monitoring 
activities, while 
increasing the time 
used to dialogue 
with the patient. 

7 6 5 4 3 2 1 
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