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Abstract

Background: Wireless Vital Parameter Continuous Monitoring (WVPCM) allows the con-
tinuous tracking of patient physiological parameters, facilitating the earlier detection of
clinical deterioration, especially in low-intensity care settings. The aim of this study is to
evaluate the effectiveness of using WVPCM compared to the usual monitoring of critically
ill patients hospitalized in Internal Medicine wards. An investigation of the attitude of
health professionals towards the use of new technologies in daily practice to improve
patient management was also carried out. Methods: The LIght Monitor Study (LIMS) is a
prospective, open-label, randomized, multi-center pilot trial comparing WVPCM and con-
ventional nurse monitoring during the first 72 h of hospitalization. A central randomization
unit used computer-generated tables to allocate patients to two different types of monitor-
ing. The main outcome was the occurrence of major complications. The study planned to
enroll 296 critically ill patients with a Modified Early Warning Score (MEWS) > 3 and/or
National Early Warning Score (NEWS) > 5 across two Internal Medicine (IM) Units in
Italy. The investigation of the attitude of nurses towards the use of WVPCM was carried
out by using a questionnaire and a qualitative survey. Results: Due to the COVID-19
outbreak, the study was interrupted early and only 135 patients (WVPCM = 68; standard
care = 67) were randomized. One patient in the control group was excluded from analysis
because of drop-out, leaving 134 patients for intention to treat analysis. No statistically
significant differences between standard care and WVPCM were observed in terms of major
complications (37.5%, vs. 31.2% p = 0.475), in-hospital mortality (17.5% vs. 11.1%, p = 0.309),
and median hospital length of stay (9 vs. 10 days, p = 0.463). WVPCM decreased nursing
workload compared to the control, as the average time spent by nurses on the detection
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of vital signs per patient was 0 min per patient per day compared to 24.4 min (p < 0.001)
observed in the control group. Twenty-two percent of patients in the WVPCM group
(15/68) experienced discomfort with the device, resulting in its removal. The investigation
of nurses involved 16 out of 18 people participating in the study. Opinions on the wireless
device for patient monitoring were particularly favorable; most of them considered remote
monitoring clearly superior to traditional in-person visits and easy to use after a brief
practice period. All participants recognized the safety benefits of the system. Conclusions:
The reduced sample size of this pilot study does not allow us to draw any conclusions
on the superiority of WVPCM compared to standard care in terms of clinical outcomes.
However, we observed a positive trend in the reduction of major complications.

Keywords: Wireless Vital Parameter Continuous Monitoring; wireless biosensors; Internal
Medicine; critically ill patients; patient care

1. Introduction

The application of Wireless Vital Parameter Continuous Monitoring (WVPCM) in
healthcare has emerged as a transformative technology to manage patients with different
pathologies and hospitalization stages. Wireless and wearable biosensors allow continuous
monitoring of physiological and biochemical factors with real-time transmission of patient
data to integrated systems. Recent advancements in materials, micro-technologies, and
wireless connections have significantly improved the accessibility and functionality of
biosensors [1].

In hospitalization settings, patients normally receive manual checks from nurses ev-
ery 4-6 h on average, which may leave extended periods of subtle changes undetected.
These changes can culminate in Serious Adverse Events (SAEs) that significantly worsen
the patient’s health status [2]. The introduction of WVPCM technologies can influence
both the sensing and response stages of monitoring and can enable an earlier recogni-
tion of significant changes in vital signs [3]. Numerous studies confirm the efficacy of
WVPCMs in different contexts. WVPCM devices appear to be especially beneficial in
general wards, where care-intensity is normally low [4]. Evidence shows that continuous
monitoring in these wards enhances the timeliness of rapid responses and reduces the risk
of Intensive Care Unit (ICU) admissions [5]. In some instances, continuous monitoring
ultimately contributes to the reduction in mortality rates for general ward patients [6].
Three studies [2,7,8] concentrate on patients recovering from major abdominal surgery
associated with oncological pathologies. Major abdominal surgery is frequently subject to
post-operative complications; hence, the prompt recognition of adverse events is essential.
Continuous monitoring is proven to identify signs of complications hours before manual
monitoring, with the potential of implementing earlier treatments to patients. Additional
research confirms the efficacy of continuous monitoring technology in surgical ward con-
texts. Weller et al. (2024) [9] demonstrate that wearable devices allow early detection of
negative clinical outcomes in a sample of 11,977 patients over a fifteen-month period in the
medical surgical departments of two hospitals. Van Rossum et al. (2023) [10] confirm that
WVPCM devices benefit from higher alarm sensitivity as compared to manual monitoring,
and consequently contribute to an earlier detection of potential complications. Continuous
monitored patients also display a lower probability of being admitted to the ICU and
ultimately lower mortality rates compared to those who received manual intermittent
monitoring, as observed on a sample of 34,693 patients in post-surgical units [11]. To
conclude, a continuous monitoring system was applied to Heart Failure (HF)-hospitalized
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patients in Japan. The system improved patient self-management and supported rapid
clinical intervention [12].

Academic research confirms that WVPCM devices are not only effective in patient
monitoring but also improve working conditions for healthcare professionals. These devices
help streamline the workload of nurses in terms of patient management and decrease
their perception of stress and anxiety associated with unexpected deterioration of patient
conditions [8]. Nurses confirmed in a series of in-depth interviews that the monitoring
devices gave rise to feelings of safety and care in their daily working routines [13].

Although the advantages of employing WVPCM in different hospital settings are
well-documented, its clear and widely accepted impact on patient conditions still requires
rigorous investigation [14]. It is also clear that these monitoring devices are positively
perceived and help reduce the workload for healthcare professionals. However, their cost-
effectiveness for healthcare organizations must be fully demonstrated. WVPCM devices
come with inherent initial hardware costs and additional maintenance expenses for daily
operation. Healthcare professionals must be properly trained and are required to support
patients using these devices [15]. Technical difficulties also emerge in their implementation
because in some cases, there is a lack of consistency between the monitoring data flow and
the hospital data systems [16]. Healthcare professionals must also manage issues such as
missing connectivity and limited battery life [17]. Furthermore, nurses can be exposed to
alarm fatigue, because WVPCM devices can significantly increase patient support requests.
A standardized level of alarm is difficult to set given the diverse patient conditions [18].

There is indeed a lack of research focused on IM settings, despite the fact that they
present unique challenges and complications where these devices could offer significant
value and utility. Patients in IM units often experience acute conditions of varying severity
and often require intensive care because of ongoing epidemiological transitions [19]. These
patients are frequently not stratified according to co-morbidities, dependency level, disease
severity, and clinical complexity, and nurses generally monitor these patients on an inter-
mittent basis. In addition, there is no proper risk assessment for rapid clinical deterioration,
which can result in sub-optimal treatment, extended hospital stays, and increased health-
care costs [20]. While earlier research concentrated on surgical or high-dependency wards
with relatively uniform patient conditions and monitoring needs, the specific features
of Internal Medicine patients can influence the integration of monitoring technologies.
The LIMS offers new insights into how WVPCM can be deployed in this complex hospi-
tal setting, evaluating its clinical relevance, effects on workflow, and perceived value by
healthcare professionals. Although no formal economic analysis was conducted, indirect
indicators contribute to an initial understanding of its potential organizational benefits.
This focus expands the current evidence and supports a more appropriate evaluation of
WVPCM adaptation to various hospital environments beyond surgical care.

Thus, the aim of this study is to assess whether the use of WVPCM improves clinical
outcomes, such as major complications, deaths, and length of stay, in critically ill patients
hospitalized in Internal Medicine wards. An investigation of the attitude of nurses towards
the use of new technologies in daily practice to improve patient management was also
carried out.

2. Materials and Methods
2.1. Study Design

The LIght Monitor Study (LIMS) is a prospective, open-label, randomized, multi-
center pilot trial designed to compare wireless vital sign monitoring to standard monitoring

in critically ill patients during hospitalization. An independent unit at the University of
Modena and Reggio Emilia carried out centralized randomization. Eligible patients were
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randomly assigned to receive WVPCM or standard monitoring according to a 1:1 computer-
generated scheme. The randomization was web-based and only the independent website
administrator knew the randomization sequence. Once randomized patients were moni-
tored continuously during the first 72 h, with the possibility of extending observation to
120 h, with Modified Early Warning Score (MEWS) > 3 and/or the National Early Warming
Score (NEWS) > 5 after the initial 72 h (Figure 1) [21,22]. Patient monitoring primarily
focuses on two aspects: (1) the monitoring of vital parameters such as blood pressure, heart
rate, respiratory rate, oxygen saturation, posture, and electrocardiogram (ECG), and (2) the
activation of alerts when the measured parameters fall below threshold values set at the
start of monitoring or if abnormalities are detected on the ECG.

Sistema Socio Sanario

+=. LIMS Light Monitoring Study  Buse.

EMERGENCY

ASST Garda

_ Discharge

Wireless vital | Nurse traditional
parameters monitoring

Emergency Internal o ]

Room Medicine Tonltorlng MEWS <3
admission: admission i NEWS <5
MEWS and | | MEWS= 3

NEWS scores NEWS2 5

Figure 1. LIMS LIgth Monitoring Study.

To evaluate how nurses respond to the use of new technologies in daily practice for
improved patient management, a qualitative study was conducted in parallel. The survey
specifically targeted the medical staff who utilized the new wireless monitoring system,
with the objective of investigating their impressions and evaluating its impact on clinical
practices. The questionnaire consisted of eight questions designed to assess the level of
satisfaction with the adoption of software-based management tools and electronic medical
devices in patient care. The questionnaire was administered via the Qualtrics platform,
allowing participants to share their impressions voluntarily and anonymously.

This study extends the preliminary findings reported by Pietrantonio et al. (2019) [22].
Compared to the previous study, which was based on 95 patients, this one extended the
number of centers from one to two and increased the number of patients involved in the
trial. The size of the study is therefore larger, and the results are interpreted in light of
recent developments in the literature on WVPCM devices. This study included two Internal
Medicine (IM) hospital units. The first unit, part of the Azienda Socio Sanitaria Territoriale
(ASST) Garda at Manerbio Hospital (Brescia, Italy), participated in the initial phase of the
study. The second unit belongs to the Azienda Sanitaria Locale (ASL) 6 at Castelli Hospital
(Ariccia, Rome, Italy). The examination of Emergency Room (ER) operational activities
in both ASST Garda and ASL 6 discloses a serious growth in ER visits with subsequent
admission to Internal Medicine (IM) wards in patients over 65 years old with no seasonal
variations [22].

These units are consistent with the general characteristics of IM settings described
above. Patients often present with acute conditions of varying severity [11], are not ef-
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fectively differentiated on clinical conditions, and lack proper risk assessment for rapid
deterioration [20].

The study design was supported by evidence from previous studies, such as an
interventional study conducted in order to integrate clinical data from acute and critically
ill patients with economic cost analyses of inpatient management in IM wards [23], and
a study evaluating the efficacy of a wireless continuous monitoring system in reducing
major complications, improving patient outcomes and quality of care, and reducing costs
compared to conventional monitoring performed by nurses at scheduled intervals [24,25].

The intervention specifically targets the first 72 h of hospitalization, which is a critical
window for detecting early deterioration. Furthermore, cost-saving potential is assessed
indirectly by analyzing reductions in average Length of Stay (LOS) and reductions in major
complications as proxy indicators.

Continuous vital sign monitoring can facilitate early detection of deterioration in acute
patients in a general, non-intensive care setting, such as the Internal Medicine Unit. This
allows healthcare professionals to promptly respond to changes in the patient’s condition
and implement appropriate treatments.

2.2. Presentation of Design

Comparison of wireless monitoring and conventional monitoring in the first 72 h of
hospitalization, for unstable patients with MEWS > 3 and/or NEWS > 5, was carried out
by using a randomized controlled trial.

Experimental group: Patients with MEWS greater than or equal to 3 and/or NEWS
greater than or equal to 5 on admission, regardless of the reason for hospitalization, to-
gether with all patients with poor glycemic control and/or severe fluid and electrolyte
imbalance, regardless of MEWS/NEWS, who are all considered eligible for continuous
wireless monitoring using the WIN@Hospital system [26].

Control group: Patients with MEWS greater than or equal to 3 and/or NEWS
greater than or equal to 5, on admission, regardless of the reason, and all patients
with poor glycemic control and/or severe fluid and electrolyte imbalance, regardless
of MEWS/NEWS, who continued to undergo traditional monitoring performed at regular
intervals (at least 4 times a day) by the nursing staff.

2.3. Study Population

All critical patients (with the need for continuous high technology monitoring) without
a pacemaker, with MEWS > 3 and/or NEWS > 5 on admission, and all patients with
glycemic decompensation and/or severe fluid and electrolyte imbalance, regardless of
MEWS/NEWS [22,27].

2.4. Identification of the Monitoring Tool

The WIN@Hospital system is a portable wireless system (Medical Class IIA) per-
forming continuous, instantaneous vital sign monitoring, and automatic calculation of
the NEWS, with the creation of a personalized alert system for each patient via a portable
device (iPad), reducing the need for the constant presence of nursing staff [26].

The continuous monitoring carried out by the SYSTEM WIN@Hospital is automatically
added to the Electronic Health record (EHR) (Tabula Clinica WebAppVers.1) by Dedalus
Healthcare Systems Group) utilized by the Internal Medicine Unit and allows continuous
supervision of patients’ vital parameters, ECG, and NEWS 24 h a day.

Monitoring Device: Safety Assessment

The WIN@Hospital system is a portable, wireless Medical Class II device system
designed for continuous, real-time monitoring of patients’ vital signs. It automatically
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calculates the NEWS and generates personalized alerts for each patient, all accessible via a
portable device, contributing to the reduction in constant supervision by nursing staff. As
a Class IIA device, it is not designed for intensive monitoring or life-saving purposes. It
serves as a supportive tool for tracking clinical parameters, assisting in diagnostic processes,
automating data collection, and reducing clinical risks.

The study was approved by the Provincial Ethics Committee of the Province of Brescia
with number NP 2659 and by the Lazio 2 Ethics Committee with number S 28.18.

The study was registered at Clinical trials Gov with number NCT 03050034.

2.5. Included Patients

The study compares wireless monitoring vs. conventional monitoring during the
first 72 h of hospitalization, for unstable critically ill patients with MEWS > 3 and/or
NEWS > 5 [6]. The study flowchart is represented in Figure 2.

1 Hospitalization

MEWS, NEWS and IIA
NO Index Calculation

NNSES

Communicate MEWS
& NEWS to the doctor

~

- Evaluate exclusion criteria
- Collect informed consent
- Randomize

- Communicate to nursing staff:
o Experimental arm (traditional or experimental)
© Number of randomization
- Evaluate comorbidity scale (during hospital
admission)

f Treatment monilorin\ ﬂomrol monitoring \

~

Detection and recording
Traditional SYSTEM
From 72 hours to 5 days detection of parameters every 6
hours
I ’ I
Y
Evaluation
Parameters' archive and any relevant arrhythmias
Print daily reports
o

Management
WIN@Hospital SYSTEM
From 72 hours to 5 days, real time

Nurses
sasinN

Validation
Record readings every 24 hours

Doctors
s10)00Q

Figure 2. LIMS flowchart.

2.6. Endpoints

The primary endpoint of the study is the occurrence of major complications, defined as
at least one of the following events, whichever occurred first: repeated hospital readmission,
readmission within 21 days after discharge, sudden death, healthcare-associated infection,
arrhythmia, acute coronary syndrome, respiratory failure, or glycemic decompensation.
Secondary endpoints included in-hospital mortality, end-stage disease, discharge home,
length of hospital stay, and the time spent by nurses on vital signs monitoring.

Throughout this study, the definition of possible complications is the same as the defi-
nition used for Medical Subject Headings (MeSH), from the National Library of Medicine
(NLM)-controlled vocabulary thesaurus used for indexing articles for PubMed: “Conditions
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or pathological processes associated with the disease” [28]. Similarly, the same definition of
death was considered: “Irreversible cessation of all bodily functions, manifested by absence
of spontaneous breathing and total loss of cardiovascular and cerebral functions” [27].

2.7. Statistical Analysis
Statistical Methodology

The sample size was determined according to the primary outcome of the study, which
is major complications. Data from previous studies suggested that at least 15% of critically
ill patients hospitalized in Internal Medicine units would experience major complications.

Therefore, we considered a decrease in the risk from 15% to 5% in the experimental
arm to be clinically significant. By setting error  and 3 equal to 5% and 20%, or 80% power,
recruitment of 141 patients per arm would be necessary to detect a statistically significant
absolute difference of at least 10%. Taking into account an estimated 5% drop-out rate, we
increased the sample size to 148 patients per arm (296 patients in total).

With regards to data analysis, descriptive statistics (mean, median, and related distri-
bution parameters) were reported for continuous variables, while the absolute frequencies,
relative and percentage, were calculated for differing categorical variables. Measures of
association, such as the difference between risks (DR) and hazard ratio (HR), were used
to assess binary and time-to-event outcomes, while the differences between means and
medians were considered for continuous variables. Each point estimate was reported with
a corresponding 95% confidence interval. All analyses were conducted by using STATA
version 18.

3. Results

Although the study planned to enroll a total of 296 patients, due to the COVID
outbreak, it was interrupted in advance when only 135 patients (WVPCM = 68; standard
care = 67) were randomized. This reduction in sample size decreased the study’s power
from 80% to 52%. The experimental group enrolled 68 patients, while the control group
enrolled 67 patients. The baseline characteristics of the two groups are summarized in
Table 1, while the study design is shown in Figure 3.

Table 1. Patients’ characteristics.

Control Arm Experimental Arm

(N =67) N. Missing (N =68) N. Missing
Mean Age (SD) 79.64 (10.83) 0 77.31 (12.96) 0
Male patients (%) 28/66 (42.4%) 1 22/68 (32.4%) 0
Mean BMI (SD) 26.06 (5.13) 10 28.15 (7.01) 7
Mean CIRS CI (SD) 3.68 (1.59) 1 3.75 (1.85) 1
Mean CIRS SI (SD) 1.84 (0.32) 1 1.82 (0.38) 1
Mean IIA (SD) 3.14 (0.60) 1 3.28 (0.73) 1
Patients with IIA 34 (%) 60/66 (90.9%) 1 58/68 (86.6%) 1
Mean BRASS (SD) 15.30 (7.72) 3 16.08 (8.63) 4
Patients with BRASS > 20 (%) 23/64 (35.9%) 3 28/64 (43.8%) 4
Patients with end stage disease (%) 22/66 (33.3%) 1 24/65 (36.9%) 3
Patients with respiratory failure I (%) 11/63 (17.5%) 4 10/63 (15.9%) 5
Patients with respiratory failure II (%) 4/63 (6.3%) 4 5/63 (7.9%) 5
Patients with heart failure (%) 10/63 (15.9%) 4 6/63 (9.5%) 5
Patients with sepsis (%) 4/63 (6.3%) 4 8/63 (12.7%) 5
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Eligibility evaluation

Exclusion criteria

Patients enrolled
(n=143)

I

Patients randomized

(n=135)
Patients analysed Patients analysed
Experimental group Control group
(n=68) (n=67)
Patients lost to follow-up Patients lost to follow-up
(n=5) (n=4)

Figure 3. LIMS design.

Patients in the experimental and control groups did not differ in terms of main prog-
nostic factors. The average age was 79.6 years in the control group compared to 77.3 years in
the experimental group. The gender distribution was similar between the two groups, with
a balanced male-to-female ratio (28/66 in the control group vs. 22/68 in the experimental
group). The average Body Mass Index (BMI) was 26.6 in the control group and 28.1 in
the experimental group. The comorbidity burden, measured by the Cumulative Illness
Rating Scale for Comorbidity Index (CIRS-CI), was comparable between groups, with
scores of 3.68 in the control arm vs. 3.75 in the experimental arm. The percentage of patients
who had >4 comorbidities was comparable (53.7% vs. 46.9%), while the severity index
(CIRS-SI) was also similar (1.84 vs. 1.82). The Nursing Intensity Index (IIA) scores [18]
were closely matched between groups, with the experimental group showing an average
score of 3.28 compared to 3.14 in the control group. In addition, similar percentages of
patients in the experimental and control groups fell into the higher-risk IIA category (3—4),
accounting for 58/68 and 60/66, respectively. The BRASS index, which is employed to
assess discharge planning complexity, was comparable between groups (15.30 vs. 16.8),
as well as the percentage of patients in the control and experimental group with BRASS
scores of 20 or above (35.9% vs. 43.8%). The distribution of Diagnostic Related Groups
(DRGs) was consistent across both groups, with respiratory failure (DRGs 087-088), heart
failure (DRG 127), and sepsis (DRG 576) being the most common diagnoses. The major
diagnostic categories (MDCs) were also similar, predominantly involving respiratory (MDC
4), cardiovascular (MDC 5), and infectious (MDC 18) diseases.

The analysis of outcomes between the experimental and control groups is shown in
Figure 4 and Table 2.
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50%

40%
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Figure 4. LIMS outcomes. The Y-axis shows the percentage of major complications and mortality

comparing the experimental arm with the control arm.

Table 2. Comparisons between experimental and control groups according to outcomes.

Control Arm Experimental Arm Measure of Association p-Value
(N =67) (N =68) (95% CI)

Patients with major complications 24 /64 (37.5%) 20/64 (31.2%) RD= —6.3% (—22.7-10.20%) 0.457
Patients with repeated readmissions 5/62 (8.1%) 3/62 (4.8%) RD = —3.2% (—11.90-5.40%) 0.465
Patients with repeated readmissions o o 1419 (471 FD0
after 21 days from discharge 1/62 (1.6%) 0/62 (0%) RD = —1.61% (—4.75-1.52%) 0.315
Sudden death 11/64 (17.2%) 6/64 (9.4%) RD = —7.81% (—19.5-3.87%) 0.193
Patients with care-related infections 4/64 (6.3%) 3/64 (4.7%) RD = —1.57% (—9.44-6.31%) 0.698
Patients with arrythmias. acute 1/64 (1.6%) 2/64 (3.1%) RD = 1.56% (—3.67-6.79%) 0.559
coronary syndrome detection
Patients with respiratory 3/64 (4.7%) 5/64 (7.8%) RD = 3.12% (—5.24-11.49%) 0.465
failure detection
Patients with glycemic o o _ o o
decompensation detection 1/64 (1.6%) 2/64 (3.1%) RD = 1.56% (—3.67-6.79%) 0.559
In-hospital mortality 11/63 (17.5%) 7/63 (11.1%) RD = —6.34% (—18.50-5.82%) 0.309
Patients with end stage disease * 22/66 (33.3%) 24/65 (36.9%) RD = 3.59% (—12.75-19.90%) 0.667
Patients discharged home 35/63 (55.6%) 28/63 (44.4%) RD = —11.1% (—28.46-6.24%) 0.212
Patients transferred to step-down care 17.4% 44.2% - -
Median length of stay (days) (LOS) 9 (7-11) 10 (9-12) HR=0.88 (0.62-1.25) 0.463
Mean time spent by nurses on
detection of vital signs 27.50 (13.20) 6.18 (10.88) <0.001
(min/day/patient) (SD)
Median time spent by nurses on
detection of vital signs 24.4 (24.4-34.2) 0(0-9.1) <0.001
(min/day/patient) (IQR) **
Impact on nursing activity > 0 64/64 (100%) 20/63 (31.7%) RD = —68.25% (—79.75-56.75%) <0.001

RD Risk difference. HR hazard ratio. LOS Length of Stay. SD Standard deviation. * End stage disease defined
according to the surprise question. ** Time spent by the nurse on the detection of vital signs (min/day/patient)
IOR Interquartile Range.

The major complications observed in both groups are displayed in Table 2 and Figure 4,

with 80% medium-high baseline intensity in the experimental arm.

The incidence of major complications (Figure 5) was lower in the experimental arm

(31.2%) compared to the control arm (37.5%). Similarly, the rate of repeated readmissions

within 21 days post-discharge was lower in the experimental group (0%) vs. the control
group (1.6%), and the median Length of Stay (LOS) was slightly longer in the experimental
arm (10 days) compared to the control arm (9 days) (Table 2). However, all these differences
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were not statistically significant. A decrease in in-hospital mortality was observed in the
experimental arm, with a death rate of 11.1% compared to 17.5% in the control group
(Table 2, Figure 4). A lower rate of sudden death was also observed in the experimental
arm (9.4%) compared to the control arm (17.2%). Furthermore, these reductions were not
statistically significant, and neither was the reduction in the proportion of patients in the
experimental group who were discharged directly home (55.6% vs. 44.4%). Meanwhile, the
experimental arm showed a statistically significant higher use of step-down care facilities
(44.2% vs. 17.4%). More than 30% of the patients meet the criteria defining end-stage
disease (a positive answer to the “surprise question”: “Would I be surprised if this patient
died in the next 12 months?”); 36.9% in the experimental arm and 33.3% in the control
arm. Preliminary results have failed to confirm the hypothesis regarding reduction in
hospital stay, showing, on the contrary, increased LOS in the experimental arm. This result
is probably due to the evidence that in the experimental arm, the BRASS > 20 (needed for
discharge planning) is higher (43.8% versus 35.9%).

20%

17.2%
15%
10% 9.4%
7.8% 8.1%
6.2%
4.7% 4.7% 4.8%
5%
3.1% 3.1%
1.6% 1.6%
oo L =
Sudden death Care-related Arrythmias detection Respiratory failure Glycemic Re-admissions
infections detection decompensation
detection
. Control arm Experimental arm

Figure 5. LIMS: differences in major complication detection between the experimental and control
arms. The Y-axis shows the percentages of the different types of major complications observed in the
sample, comparing the experimental arm with the control arm.

Importantly, the intervention contributed to a substantial reduction in nursing work-
load, particularly by decreasing the time spent monitoring vital signs. The median esti-
mated time saved was 24.4 min per patient per day, reflecting the intervention’s potential
to enhance nursing resource allocation and improve workflow efficiency.

Twenty-two percent of patients in the WVPCM group (15/68) experienced discomfort
with the device resulting in its removal.

A total of 16 nurses out of 18 staff members at ASST Garda, Manerbio Hospital, and
involved in the LIMS completed the survey. Gender information was not collected, as it
was not relevant to the research objectives, while the nurses were asked for their age and
years of professional experience to provide an overview of the participant’s background.

Table 3 presents the questions included in the survey.

The main findings of the internal survey reflect the healthcare staff’s perspectives
on the Local Health Authority change management strategy regarding the adoption of
wireless monitoring systems.
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Table 3. LIMS: questionnaire used for the nurses’ survey.

Question
What is your age?
(1) 20-30
1 (2) 31-40
(3) 41-50
(4) Over50
How many years have you been working in the healthcare field?
(1) 1-5yrs.
) (2) 6-10yrs.
(3) 11-15yrs.
(4) 16-20yrs.
(5) More than 20 yrs.
Has the use of wireless monitoring devices allowed you to be more effective and efficient in patient care?
(1) Very little (1-3 pts)
3 (2) Alittle (3-5 pts)
(3) Fairly (5-7 pts)
(4) Significantly (8-10 pts)
Have these devices helped you build a stronger connection with patients during digital visits?
(1) Less compared to a traditional face-to-face visit
4 (2) No difference from a traditional visit
(3) Slightly better than a traditional visit
(4) Definitely better than a traditional visit
In your opinion, is the device easy to use? (system activation, application time, routine use, battery
charging, etc.).
5 (1) Itis very difficult to use
(2) After short practice the device is easy to use
(3) The device is very intuitive and easy to use
Have you observed a significant decrease in the time required to detect and monitor vital parameters?
(1) No reduction observed
6 (2) The reduction is minimal
(3) A slight reduction in the time required to detect and monitor vital parameters
(4) A significant reduction in the time required to detect and monitor vital parameters
Since the beginning of the project, have you noticed any qualitative changes, either in patient safety or in
overall clinical management?
7 (1) No improvement
(2) Slight improvement
(3) Significant improvement
(4) Great improvement
To what extent do you think the use of electronic medical devices can help the patient care pathway?
g (1) Little
(2) Fairly

(3) Very much

The survey results indicate that healthcare staff were generally satisfied with the
organization’s initiative and the new patient care model. Opinions on the wireless device for
patient monitoring were particularly favorable: 68.8% of respondents observed a significant
improvement in patient management, while 25% noted a moderated improvement, and
only 6.2% noticed a minor improvement. Most participants (62.5%) considered remote
monitoring clearly superior to traditional in-person visits, as it allows healthcare providers
to focus more on the patients’ needs, while the system automatically collected clinical data.
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In terms of usability, 69% of participants found the device easy to use after a brief practice
period, and the remaining 31% describe it as very intuitive from the start. The system’s short
setup time and integration with the hospital’s Wi-Fi contributed to the positive evaluation.
Over 80% of respondents noticed a reduction in the time needed to analyze vital parameters,
with 38% reporting a significant decrease, 44% a slight decrease, and 18% minimal change.
All participants recognized the safety benefits of the system, as improved surveillance
allows prompt intervention in cases of clinical deterioration. Real time monitoring facilitates
a clearer view of health status progress, allowing for personalized and timely interventions
that improve the quality of care. 62.5% of respondents strongly agreed that digitalization
and remote monitoring can significantly help the patient care pathway, while the remaining
37.5% considered the impact to be moderately significant.

The survey not only showed overall satisfaction but also revealed important key
lessons regarding the implementation of wireless monitoring systems. Nurses identified
Wi-Fi connectivity as a critical factor. Although most participants valued the reliable
performance in areas with strong Wi-Fi coverage, some experienced brief interruptions
in data transmission where signal strength was weaker, demonstrating the importance of
network infrastructure before wide deployment. Alarm management also posed additional
challenges. In some cases, nurses reported alarm fatigue caused by frequent non-critical
alerts, indicating that tailored alarm thresholds are essential to optimize the system'’s clinical
benefit while preventing overburdening staff.

Figure 6 presents a summary of the main advantages and disadvantages of the wireless
monitoring system as reported by healthcare personnel.

Immediate intervention in case of vital parameters out of range. | Accidental detachment of the device modules and cables.

especially the axillary temperature probe and the oximeter due to
the patient’s movements.

Increased security for the patient as monitored 24 hours a day. Frequent alarms for problems related to threshold values of vital

parameters. which must be reset.

Direct and immediate display of vital parameters at any time. Possible interruptions of assistance to other patients due to

improper activation of the alarms.

The time taken to monitor vital parameters is less than the | Body image disorder and impaired perception of health status.
standard method. Time savings especially in emergency. Many times the patients. seeing cables on their body and the

device. albeit small and light. attached to the neck. believe they
are in serious condition and anxiety and worry arise.

Availability of a parameter. ECG. which is usually not performed | Non-compliance. Although the patients are informed about the
daily and which allows to make a differential diagnosis quickly. | monitoring and consenting to the procedure. sometimes they do

not tolerate the device and ask for it to be remowved.

Figure 6. Advantages and disadvantages of the wireless monitoring system as reported by
healthcare personnel.

4. Limitations of the Study

Although this is one of the few randomized studies addressing uncertainty about the
effectiveness of wireless monitoring of complex in-patients with multiple co-morbidities
frequently admitted to Internal Medicine (IM) units, its various limitations should be
acknowledged and are instrumental to guiding further research. Due to the COVID-19
outbreak, this study was prematurely stopped. The problems related to the sanitization of
devices and the closure of Internal Medicine departments within Italian hospitals in favor
of special COVID-19 wards prevented the recruitment of a sufficient number of patients
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to achieve the adequate study power and statistical significance. The study involved
only 143 patients for the analysis, which is a relatively small sample size compared to
the 296 patients that were originally planned to be enrolled. This reduction in sample
size decreased the study’s power from 80% to 52%. So, although the direction of the
study results seems to point in the direction of the possible effectiveness of WVPCM,
the smaller sample size made these findings more uncertain. Furthermore, long-term
outcomes, such as chronic disease progression or quality of life after discharge, were not
assessed. In addition, the study does not provide a comprehensive economic analysis as
it exclusively relies on indirect proxies such as reductions in complications and nursing
care demands. Future research can conduct a full economic assessment of monitoring
device use. Additionally, these savings should be carefully compared with the initial
implementation and maintenance costs of continuous monitoring devices to offer a more
complete understanding of their economic impact. In conclusion, this study focuses on a
single device—the WIN@Hospital—whose relative efficacy against other devices needs
further research.

5. Related Work Section

Despite a major growth in research on WVPCM, existing academic studies remain
focused on surgical, post-operative, and high-dependency units, where patient profiles and
monitoring needs are steady and relatively homogenous. In contrast, general IM units usu-
ally rely on intermittent monitoring despite being responsible for a varied group of acutely
ill, older, and clinically unstable patients. To date, very few studies have investigated the
feasibility, effectiveness, and organizational impact of WVPCM in IM units, leaving a sig-
nificant gap in the literature. Furthermore, while previous studies offer cost considerations,
formal or proxy-based evaluations of cost-effectiveness remain scarce, particularly in IM
settings where efficient resource employment is critical [29].

A previous pilot investigation by Pietrantonio et al. (2019) [22] initiated the exploration
of WVPCM in Internal Medicine but was limited by a small sample and single-center
design. No subsequent randomized trials or qualitative studies assessing healthcare staff
perspectives have expanded this work.

The present LIMS contributes to addressing this gap. It is one of the first randomized
controlled studies to evaluate WVPCM in Internal Medicine units and extends previous
evidence both in scale and scope, by involving more participating centers and enrolled
more patients than in the previous study. It combines quantitative clinical outcomes with
qualitative insights from nurses, offering a more comprehensive understanding of device
usability, workflow effects, and perceived benefits. In conclusion, it provides preliminary
proxy indicators of organizational value, including time saved in vital sign monitoring and
readmission trends, generating foundational data for future economic evaluations.

By addressing these underexamined aspects, the LIMS improves current knowledge
on how WVPCM can be adapted to complex hospital environments beyond surgical units.

6. Discussion

In Italy, over half of hospital admissions originate from the emergency department,
with Internal Medicine (IM) units receiving about 27% of these cases, most of whom are
acutely ill, older, and medically complex patients [30-33]. Ideally, an effective organization
should require a careful evaluation of hospitalization needs and collaboration with other
specialties such as geriatrics to address frailty and social factors [34-36]. Once admitted,
each patient should have a prioritized care plan and a clearly defined multidisciplinary
team based on individual medical needs [37-39]. The use of continuous monitoring devices
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should be assessed at the time of admission, based on the patient’s care plan and clinical
needs [40,41].

In this context, continuous wireless monitoring devices can be useful in the manage-
ment of critically ill patients. Continuous monitoring could allow detecting different acute
conditions more effectively, which is likely to reflect enhanced monitoring and diagnostic
capabilities rather than an increase in their occurrence.

Regarding hospital cost analysis, the use of continuous monitoring devices is linked
to a decrease in major complications, which could potentially suggest a slight reduction
in costs.

Indeed, average costs per hospitalization increase with the number of comorbidities.
According to the U.S. Agency for Healthcare Research and Quality, the mean cost per
hospital stay is approximately US$ 7300 for patients without comorbidities, US$ 9000
for those with one or two comorbidities, and about US$ 12,300 for patients with three or
more [42].

However, this may reflect a more organized care approach that prioritizes patient
safety and continuity over rapid discharge. This is further supported by a higher propensity
of step-down care for continuously monitored patients rather than direct discharge at home
for standard care patients. Critically ill patients face many challenges when discharged at
home if they have no adequate social and economic support that allow them to continue
their care effectively. In addition, continuous monitoring can be readily extended with
telemonitoring devices in step-down care facilities where professional healthcare staff can
be trained even if they have not qualified as nurses [24]. Hospital Information Technology
systems can be easily made compatible with step-down facilities [40]. Conversely, applying
continuous monitoring at home may require different telemonitoring devices [43], must be
self-managed with all the challenges if the support is not adequate, and the monitoring
and intervention systems in case of adverse events is more challenging to set [44].

Although the advantages in employing WVPCM in different hospital settings are
well-documented, its clear and widely accepted impact on patient conditions still requires
rigorous investigation [45,46]. Considering these complexities, research and evidence
are still necessary to better understand the feasibility and the effectiveness of WVPCM
devices in specific hospital settings. On the basis of these premises, we therefore planned
to carry out a study with the aim of assessing whether the use of WVPCM could improve
clinical outcomes.

The study did not enroll the number of patients originally planned because of the
COVID-19 outbreak and was prematurely stopped. Due to the reduced sample size, the
results of this study are affected by a reduction in statistical power. The study showed a
positive trend in the reduction of major complications, which was the primary outcome,
not statistically significant. Statistical significance was also not reached for secondary
outcomes.. Continuous monitoring devices notably reduce the amount of time nurses
need to dedicate to each patient. This finding supports academic literature [43,47-53]
that suggests continuous monitoring improves nurses’ working environments in patient
management. This is particularly relevant in IM wards, where staff often operate under
stressful and understaffed conditions [54,55].

The study also investigated the nurses” qualitative perceptions of these devices, reveal-
ing that they are generally viewed positively in terms of patient management, relationships,
and safety. Most respondents believe that digitalization and remote monitoring can signifi-
cantly improve the patient care pathway. Moreover, the reported reduction in care time
reflects a growing trust and reliance on the devices once the initial training and implementa-
tion phases are completed. As nursing time is a key indicator of hospital costs, continuous
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monitoring devices can help improve operational efficiency and ultimately contribute to
cost reduction.

Although the quantitative study results show a statistically significant reduction in
the time healthcare personnel spend per patient, there is only limited awareness among
staff of the advantages of using the device. These findings highlight the need for adequate
training to effectively integrate it into clinical processes.

In our study, the monitored group experienced a higher number of detections for
serious, life-threatening conditions, and the control group had twice the rate of sudden
death, although the results were not statistically significant.

Moreover, we wanted to verify how the adoption of new technologies can benefit
hospital management. The most relevant data in this area are those relating to readmissions
after discharge and the reduction in time spent by nurses per patient. Result analyses
showed that rehospitalization after 21 days was reduced for monitored patients. Although
this outcome was not statistically significant, the result could suggest the idea of alternative
organizational models capable of improving performance in terms of reducing costs and
length of hospital stay, but at the same time guaranteeing a high level of care delivery.

Further research should focus on accomplishing larger-scale, multi-center randomized
controlled trials with varied follow-up periods to further assess clinical efficacy and long-
term outcomes. It would be important to include a wide range of medical fields with a
diverse patient population and incorporate different care environments, such as step-down
facilities and home care settings. Additionally, research should test different and more
modern devices to compare their relative efficacy and advise on the most suitable solutions
for different contexts. This study, in fact, showed that a few patients in the WVPCM group
experienced discomfort with the device, resulting in its removal.

A comprehensive evaluation of the cost-effectiveness of these monitoring devices is
also necessary with an estimation of their actual life-cycle costs for healthcare systems.
Finally, the perspectives of both healthcare professionals and patients should be explored,
as well as the broader impact on hospital settings.

7. Conclusions

This study is not able to demonstrate a statistically significant difference at the clinical
or operational level; however, it shows a positive trend in terms of major complications
and mortality.

In any case, the use of devices substantially reduces the nurse workload and allows
them to focus on more complex clinical duties.

The integration of monitoring systems into Internal Medicine hospital settings repre-
sents a promising opportunity in acute care patient management; therefore, further studies
with large sample sizes are needed to show the potential of continuous monitoring devices
to improve the safety and quality of care for critically ill complex patients.
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The following abbreviations are used in this manuscript:

ER Emergency Room

MEWS  Modified Early Warning Score
NEWS National Early Warning Score
DRGs Diagnostic Related Groups

BMI Body Mass Index

SAEs Serious Adverse Events

ICU Intensive Care Unit

HF Heart Failure

LIMS LIght Monitor Study

ASST Azienda Socio Sanitaria Territoriale
CIRS-CI  Cumulative Illness Rating Scale for Comorbidity Index
IIA Nursing Intensity Index

MDCs Major Diagnostic Categories

IT Information Systems

CVSM Continuous Vital Sign Monitoring
M Internal Medicine

LOS Length of Stay
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