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“In the 1960s, when the first NICUs opened, pre-
mature infants had a 95% chance of dying. Today, they
have a 95% chance of survival” — Dr. Rahul K. Parikh, a
pediatrician from California, published in August 2012
in the New York Times [1]. This incredible shift in
survival can be considered a great example of the con-
quest of modern neonatal medicine. Among many
technological advancements, the ability to continuously
monitor vital signs such as heart rate and respiratory
rate, was followed by closed loop body temperature (T)
control, blood pressure assessment, and finally by con-
tinuous and non-invasive monitoring of oxygen satu-
ration. Monitoring of these vital signs was paramount for
the assessment of well-being and detection of patho-
physiological states in tiny patients, allowing for ad-
justments or initiation of treatments or interventions
that are lifesaving.

There is no question that neonatal technology has
advanced tremendously over the last 60 years and par-
ents have become very approving of this. In the book
From Surviving to Thriving, Fabiana Bacchini, the
mother of a twin baby boy born at 27 weeks, wrote: “I was

able to watch in happiness and gratitude, all the tech-
nology that exists to keep these tiny beings alive.” Later, it
also became clear that, despite the important role of
technology, it can also cause fear and anxiety for parents.
Fabiana mentioned that the first time she entered the
NICU “I did not see a baby, I saw wires, monitors and a
breathing machine” [2].

Indeed, current technology for vital signs moni-
toring uses several skin sensors connected to the
bedside monitors by wires and cables. In most patients,
raw signals, average values and trends of heart rate,
respiratory rate, temperature, and oxygen saturation
are continuously displayed. However, this system
carries some challenges for patients, parents, and
healthcare professionals (HCP) as the multiple wires
can tangle around the infant body, restrict the patient’s
movement, and cause discomfort or pressure sore.
Hence, regular care involves frequent removal, re-
application, and readjustments of the sensors, which
may harm the fragile neonatal skin, cause pain, and/or
interrupt resting or sleeping. For parents, not much
information is available on what are their perspectives
on these vital signs monitoring systems. Some small
surveys have reported that the presence of multiple
wires and cables can cause intimidation and additional
stress, acting as a barrier to skin-to-skin contact for fear
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of disconnecting the sensors or wires, or interfering
with regular monitoring [3-5]. This technology may
also increase HCP’s workload as wires and cables may
touch contaminated surfaces or become soiled with
urine, blood or stools, increasing the risks of noso-
comial infections [3, 6, 7]. Consequently, nurses must
constantly inspect, sanitize, reposition, or replace
components of the system.

Is a Wireless NICU Possible?

Neonatal intensive care units manage a diversity of
health problems with variable degrees of severity and
patient maturation. To develop a wireless system that
can be used during the first days of life in a
400 g extremely preterm infant born at 22-23 weeks of
gestation and a 4-kilo term infant born with perinatal
asphyxia is a real challenge. Furthermore, there are
some more stable infants that are just feeding and
growing, or infants with chronic problems that re-
quire prolonged hospitalizations. Noticeably, the
needs of these populations are different, creating
challenges for the development of new vital signs
monitoring systems. As an example, an extremely
preterm infant in the first days of life spends most of
the time quiet, sleeping inside the incubator, and has
very sensitive skin that can easily be damaged by skin
adhesives and sensors. In these cases, non-contact
technologies may play a very important role, at
least for the monitoring of heart rate and respiratory
rate. This is not the case with more stable and mature
infants that are active, and where parents can con-
stantly hold and promote kangaroo care (KC).
Therefore, the adoption of new monitoring technol-
ogies needs to consider those different needs, be very
familiar with the technology advantages and limita-
tions, and develop protocols and proper training for
all healthcare providers involved.

Is a Wireless NICU Desirable?

Although wired vital sign monitors are the standard,
they are frequently cited as obstacles to key aspects of
family-integrated care and routine clinical practice.
Wireless vital sign monitoring technologies are in-
creasingly being explored as a potential solution to
these issues. However, there is limited research available
which quantitatively or qualitatively examines how key
NICU stakeholders such as parents and HCPs, perceive
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the current monitoring system and these wireless
innovations.

The small number of existing studies have highlighted
that the wires and sensors used in current systems in-
terfere with skin-to-skin contact and KC, limit parents’
ability to hold or touch their infants, and contribute to a
highly technical environment that many find over-
whelming. Survey and interview studies consistently
show that parents perceive the wires as intimidating and
as contributing to their anxiety [3, 8-10]. HCPs also
express widespread concerns with the current systems,
especially regarding the physical clutter created by wires,
challenges with positioning and handling of infants, risk
of pressure sores from adhesives, and the frequency of
false alarms [8, 11-13].

These concerns have led to growing interest in
wireless monitoring as a possible solution. While re-
search on parent and HCP in this area is very limited,
all existing studies show optimism toward the adoption
of wireless technology. Parents have generally re-
sponded positively, citing benefits such as reduced
anxiety, possible easier interaction with their infant,
improved KC, and enhanced infant comfort. However,
there are some apprehensions related to signal reli-
ability, sensor size and appearance, battery duration,
and potential risks such as radiation exposure [3, 8, 14,
15]. Similarly, HCPs have voiced strong support for
wireless monitoring, highlighting its potential to re-
duce handling difficulties, decrease false alarms, and
improve comfort for both infants and families [3, 8, 11,
12]. Importantly, they also emphasize areas of concern,
including reliability, safety related to radiation, and
costs [8, 12]. In particular, the absence of economic
feasibility studies is a significant gap in the current
literature.

Overall, the available evidence indicates that
wireless monitoring is a promising advancement,
with support from key stakeholder groups in the
NICU. The shift away from wired systems could
improve key aspects of neonatal care, particularly KC
and parental engagement, while also addressing some
of the frustrations voiced by HCPs. However, to
address these challenges, and ensure new technolo-
gies will be adopted by NICU staff and parents,
concerns around reliability, safety, and cost must be
addressed through careful user-centered design, and
rigorous research including clinical evaluation. Fu-
ture research should prioritize that wireless systems
not only meet regulatory and clinical standards but
are also feasible and acceptable for daily use in
the NICU.
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Fig. 1. Framework for the development of a wireless NICU of the future.

What Wireless Technology for Neonatal Vital Signs
Monitoring Is Available or Emerging?

Non-Contact

A large number of small studies have investigated the
use of non-contact vital sign monitoring in the NICU.
Most studies used a single-device system and monitored
respiratory or heart rate using offline analysis. The fol-
lowing technologies have been tested: red, green, blue
cameras, infrared cameras, monochrome cameras, depth
cameras, and radar, primarily for respiratory rate and
heart rate monitoring [16-22]. Non-contact sensors are
typically placed at the head or foot of the infant’s incu-
bator or crib. In some cases, the sensor cannot collect data
through the plexiglass and may require either an open
incubator or a small opening to maintain a clear line of
sight. Depending on the technology and algorithms used,
a defined Region of Interest within the sensor’s visual field
may be designated for vital sign extraction.

These studies generally featured small sample sizes
and short recording durations of <1 h [17, 19, 21]. Nearly
all exclusively focused on accuracy by comparing novel
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non-contact methods to a reference measurement using
the Bland-Altman method. Analyses of heart rate and
respiratory rate using this method revealed low bias and
moderately acceptable 95% limits of agreement. Feasi-
bility outcomes were rarely explored and measured using
metrics such as the amount of usable data or processing
times. No studies explored outcomes related to safety,
although this can be expected as these monitoring
methods pose no threat to the fragile neonatal skin.
While these technologies show promising preliminary
results, several concerns remain. First, feasibility concerns
remain as most devices rely on an uninterrupted clear
view of the infant. How it would perform in situations
where the infant is moving, clothed, or receiving care
needs to be better clarified. Additionally, a systematic
review of non-contact technologies applied the QUA-
DAS-2 assessment and revealed several areas of concerns
regarding risk of bias and applicability due to lack of clear
inclusion and exclusion criteria and small sample sizes
[23]. Furthermore, many studies lacked key basic de-
scriptors of the population, such as age and weight,
making it difficult to ensure a representative range of
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NICU patients such as those requiring respiratory support
or in incubators were included in the research. Addi-
tionally, some studies provided incomplete descriptions of
reference measurements, only naming them as “standard”
or “routine” monitoring, limiting the ability to determine
the risk of bias. Unfortunately, most non-contact studies
lack a conflict-of interest statement.

Ultimately, non-contact technologies may represent
an appealing monitoring solution for some of the most
vulnerable infants in the NICU, such as extremely
premature infants with extremely fragile skin. This
research area is rapidly growing as non-contact studies
often utilize commercially available cameras and
present low research risks for patients. However,
concerns regarding the ability to perform reliably for
prolonged periods in a real NICU environment and
across a range of patients require further exploration
and validation.

Wireless Wearables

Studies focusing on wearable devices provide slightly
more detailed information regarding participant se-
lection criteria and larger sample sizes. Emerging
classes of wireless sensors in the form of soft, flexible,
skin-like (“epidermal”) platforms have the potential to
redefine practices for monitoring in the NICU, with
additional possibilities for use in the home. Recent
work at Northwestern University shows that a pair of
devices of this type, each of which gently and non-
invasively adheres to the fragile skin of a premature
neonate, is capable of capturing complete, clinical
grade vital signs information without any wires or
cables [24, 25]. These devices include distributed
flexible electronic components with stretchable inter-
connects; all embedded in strategic layouts within
medical-grade silicone encapsulating structures. The
designs optimize for conformal interfaces to the skin at
relevant anatomical locations. In pilot studies on pa-
tients in NICU settings, these technologies achieved
high accuracy and fidelity similar to those of traditional
wired monitors. Extensions enabled by additional
sensors allow for precise measurements of body
sounds, relevant to cardiac and respiratory monitoring,
with additional capabilities in tracking gastrointestinal
activity [26]. Specifically, high-bandwidth micro-
phones and accelerometers yield seismocardiograms,
lung sounds, bowel motility, and even the spectral and
temporal features of crying and other forms of vo-
calization. In this way, these advanced technologies can
not only capture vital signs and physiological signals
but also an array of important biophysical metrics of
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health status, beyond those addressed with conven-
tional NICU hardware.

Commercial translation is also gaining momentum.
As an example, Sibel Health (Sibel Health, USA) has
secured successive FDA 510(k) clearances since 2021 for
its ANNE® One sensor platform, a pair of chest and foot
patches to continuously monitor heart rate, respiratory
rate, skin and core temperatures, oxygen saturation and
biomarkers. It is also noteworthy that ANNE One® is
currently under investigation in NICU at Montreal
Children’s Hospital with the aim of create a wireless
NICU. Meanwhile, other emerging technologies, fo-
cusing on more specific modalities, include Bambi Belt
(Bambi Medical, the Netherlands) and Boppli® (Pyr-
Ames, USA) for monitoring ECG/EMG and blood
pressure, respectively [27-29].

Collectively, efforts with wireless technologies signal a
paradigm shift to transform neonatal care with fewer
risks and burdens, and to improve clinical workflow and
patient safety. With continued refinement and real-
world validation, wireless multimodal sensors are
poised to enhance monitoring precision, promote a
patient-centric environment, and ultimately give our
most vulnerable patients a gentler start to life (Fig. 1).
With that, a wireless NICU became a much closer to
reality than just fiction.
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