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Abstract
Objectives  To evaluate the ability of the Nemocare Raksha (NR), an internet of things (IoT)–enabled device, to continuously 
monitor vitals for 6 h and its safety in newborns. The accuracy of the device was also compared with the readings from the 
standard device used in the pediatric ward.
Method  Forty neonates (either gender) weighing ≥ 1.5 kg were included in the study. Heart rate, respiratory rate, body tem-
perature, and oxygen saturation was measured using the NR and compared with standard care devices. Safety was assessed 
by monitoring for skin changes and local rise in temperature. The neonatal infant pain scale (NIPS) was used to assess pain 
and discomfort.
Result  A total of 227 h of observations (5.67 h per baby) were obtained. No discomfort or device-related adverse events 
were noted during the study period. The mean difference between the NR and the standard monitoring was 0.66 (0.42 to 
0.90) for temperature (°C); −6.57 (−8.66 to −4.47) for heart rate (bpm); 7.60 (6.52 to 8.68) for respiratory rate (breaths per 
minute); −0.79 (−1.10 to −0.48) for oxygen saturation (%). The level of agreement analyzed using the intraclass correlation 
coefficient (ICC) was good for heart rate [ICC 0.77 (0.72 to 0.82); p value < 0.001] and oxygen saturation [ICC 0.80 (0.75 
to 0.84); p value < 0.001]; moderate for body temperature [ICC 0.54 (0.36 to 0.60); p value < 0.001] and poor for respiratory 
rate [ICC 0.30 (0.10 to 0.44); p value 0.002].
Conclusion  The NR was able to seamlessly monitor vital parameters in neonates without any safety concern. The device 
showed a good level of agreement for heart rate and oxygen saturation among the four parameters measured.
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Introduction

According to a 2019 WHO (World Health Organization) 
report, children have the greatest risk of mortality in the 
first 28 d after birth. As many as 47% of the under-5 mor-
tality rates occurred during the newborn period. This has 
been attributed to a lack of quality care at birth and moni-
toring immediately after birth [1]. In 2017, India accounted 
for about one-fifth of the global under-5 mortalities. Thus, 

reformative measures will not only improve the Indian statis-
tics but also have an impact at the global level. India is work-
ing to achieve the target of fewer than 10 newborn deaths per 
1000 live births by 2030 as per the India Newborn Action 
Plan [2–4].

Innovations in neonatal care, especially use of technol-
ogy for monitoring babies who are at high risk, and inter-
vening at the earliest warning sign can play a significant 
role in achieving this goal [5]. While continuous moni-
toring has been shown to improve patient outcomes, it is 
resource intensive making it possible only in high-resource 
settings. Also, at times, it can be detrimental to the patients 
by restricting mobility, disturbing sleep, increasing the risk 
of infection from the devices such as intra-arterial or intra-
venous monitoring devices, requiring admission to high 
dependency units (increasing the cost of medical care) [6–9].

Wearable devices are being increasingly used in health 
care, both for inpatient monitoring as well as monitoring 
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outside the clinic [10]. It involves the use of sensors for cap-
turing various physiological parameters. The data acquired 
can be used to remotely monitor the well-being of newborns 
in real time. Conventionally, four vital parameters consid-
ered during routine monitoring of newborns are heart rate 
(HR), respiratory rate (RR), oxygen saturation (SpO2), 
and body temperature. The Nemocare Raksha is an inter-
net of things (IoT)–enabled smart wearable on the baby's 
foot was developed to continuously monitor these four vital 
parameters.

This study was primarily undertaken to evaluate the abil-
ity of the device to continuously monitor vitals for 6 h and 
its safety in newborns. The accuracy of the device was also 
compared with the readings from the standard device used 
in the pediatric ward.

Material and Methods

This is a prospective observational study conducted in the 
pediatrics department of a tertiary care hospital in Bangalore 
during the period of November 2019 to September 2020. 
The study was approved by the institutional ethics commit-
tee (NHMEC S12/2019), and the study was registered pro-
spectively in CTRI (ref no. CTRI/2019/06/019825). Written 
informed consent was obtained from the parents of all the 
study participants.

The study included forty newborn babies (either gender) 
weighing ≥ 1.5 kg. These babies were enrolled in a well-
ness baby clinic, where they are provided interim care and 
monitoring before being handed over to mothers after recov-
ery from anesthesia or admission for medical reasons of the 
mother. The exclusion criteria were deformities that prevent 
proper application of the device, diagnosis of cardiovascular 
conditions, mean arterial pressure < 20 mm Hg, use of seda-
tives, and parents not willing to give consent.

The Nemocare Raksha (NR) is an IoT–enabled smart wear-
able on the baby's foot, which continuously and unobtrusively 
monitors four main vital parameters (blood oxygenation satura-
tion, heart rate, respiration rate, body temperature). The device 
relays all the information over the hub to a central monitoring 
station (Fig. 1), from which the nurse or doctor can continuously 
and remotely monitor all the babies under their supervision.

The device consists of a Cortex M4F microcontroller 
processor backed by a 150 mAh rechargeable LiPo battery. 
There is a power button, along with two indicator LEDs 
and an audio buzzer. It has three optical heart rate sensor, 
a high-resolution 9-axis inertial measurement unit (IMU), 
and a negative temperature coefficient (NTC) thermistor. 
The device is compatible with Android devices version 6 
or higher and has a Bluetooth 4.2 connectivity. The current 
version of the device weighs 20 g.

There is a set of LEDs of two wavelengths and a photo-
detector which is used for measuring heart rate and SpO2 
using the photoplethysmography (PPG) technique. The red 
and IR LEDs are operated more frequently as they are 
also used to measure SpO2 and heart rate in real time. The 
minimum sampling frequency is 50 samples per second, 
and the LED trigger patterns look like this at 1000 samples 
per second (Fs = 1 kHz). The two wavelengths must be 
continuously triggered, and the order does not matter as 
the switching happens really quickly. The sensor data are 
communicated over the I2C protocol to the microcontroller 
(uC), and each data sample is 32 bits long.

The thermistor is a 10k NTC type. There will be two 
of them, one on either side of the board—one for body 
temperature measurement and the other for ambient sur-
rounding temperature, which will be critical to cutting out 
false alarms. The IMU is used for motion detection. It 
comprises a MEMS accelerometer and gyroscope. The raw 
data are fed to a Kalman filter on the software end, and 
body positions and relative movements will be recognized. 
These data can be used for data compensation and to get a 
sense of the baby’s sleeping patterns. This also helps with 
motion compensation, which allows the SpO2 sensor to 
correct motion artifacts.

The indicator LEDs are used for low battery alerts and 
to indicate on/off status and distress states of the baby. 
The BLE communication module enables one to transmit 
data wirelessly to the hub (Android Tablet), from where 
it is sent over to the cloud for storage (has a 24-h storage 
capacity of data in case of bad connectivity and is lazy 
pushed) and unified, seamless access to the stakeholders 
(doctors, nurses, etc.).

Prior to this clinical validation, the necessary tests for 
overheating, heat dissipation from the optical sensor to 
skin, electrical safety (leakage current or short circuiting), 
and wearable comfort were performed in accordance with 
ISO 14971 [11].

Fig. 1   Investigational device applied to a baby’s foot
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Eligible babies were screened from the ward and 
informed consent was obtained from the parents or legally 
appointed representative. After obtaining baseline clinical 
details, the NR was applied to the dorsum of the foot to 
continuously monitor the vital parameters [HR, RR (res-
piratory rate), SpO2, and body temperature] for 6 h. Vital 
parameters were also monitored using the standard hospital 
protocol (considered standard for this study) at baseline, fol-
lowed by every 1-h interval till the end of the study (6 h) by 
an independent person blinded to the NR values. Data col-
lected from NR were downloaded in Excel format from the 
Nemocare patient management platform. For the purpose of 
comparison, vitals at one hourly interval corresponding to 
the time of standard care measurements were used.

Body temperature was monitored by a phoenix probe 
placed over the abdominal wall and connected to the warmer. 
The respiratory rate was measured manually by counting the 
movement of the abdominal muscles for one complete min-
ute. Heart rate and oxygen saturation were measured by a 
probe placed on the index finger connected to the monitor 
(the GE Dash series, which is based on SET technology). 
Safety assessment: All the babies were monitored every 2 
h for any skin changes and local rise in temperature at the 
site of application of NR. In addition, the neonatal infant 
pain scale (NIPS) was used to assess pain and discomfort 
during the study. The scale consists of six indicators related 
to facial expression, crying, breathing patterns, arms, legs, 
and state of arousal. Each indicator is given a score of 0 or 1, 
except cry, which is given a score of 0 to 2. All babies were 
observed for 1 min, and scoring was done. A total score of 
0–2 is considered mild to no pain, 3–4 is considered mild 
to moderate pain, and > 4 is considered severe pain [12].

To minimize any unanticipated risk, babies were divided 
into three groups, beginning with the highest body weight 
and working down to the lowest body weight. Group 1: > 
2.5 kg (n = 15); group 2: between 2 and 2.5 kg (n = 15); and 
group 3: between 1.5 and 2 kg (n = 10).

This is a pilot study with the primary objective of study-
ing the safety of NR and its feasibility. Hence, no formal 
sample size calculation was done. Forty newborn babies 
were enrolled in the study and divided into 3 categories 
based on body weight. Group 1: > 2.5 kg (n = 15); group 
2: between 2 and 2.5 kg (n = 15); and group 3: between 1.5 
and 2 kg (n = 10). For each baby, vitals were obtained at 
baseline, followed by 1, 2, 3, 4, 5, and 6 h (end of study) 
expecting a total of 240 data points for the study.

Baseline clinical characteristics were expressed using 
descriptive statistics. Continuous variables were described 
using the mean and standard deviation or median with range, 
depending on the distribution of the data. Categorical vari-
ables were expressed using frequency and percentage.

The difference in vital parameters (namely HR, RR, 
SpO2, and body temperature) between Nemocare Raksha 

and the standard method was analyzed using the one-sample 
t-test. The Bland–Altman plot was used to represent the 
difference in values between the two devices. The level of 
agreement for vitals between the two methods were ana-
lyzed using the intraclass correlation test with 95% con-
fidence interval. A p value less than 0.05 was considered 
statistically significant.

Results

Forty newborn babies (55% male) were included in the 
study. A total of 227 h of observations, with an average of 
5.67 h per baby, were obtained. In 35 babies (87.5%), com-
plete 6-h monitoring was performed. Two babies did not 
complete 6-h monitoring due to device-related issue (low on 
battery due to incomplete charging); 2 babies were shifted 
to the ward and 1 was shifted for medical reasons. Mean 
gestational age was 36.08 ± 2.3 wk with a mean birth weight 
of 2.39 ± 0.6 kg (Table 1). At birth, all babies received basic 
care such as providing warmth and clearing secretions, and 
38 babies received oxygen by bag and mask. The median 
Apgar scores were 8 and 9 at 1 min and 5 min, respectively.

The mean difference between the NR and the standard 
monitoring (Table 2) was 0.66 (0.42 to 0.90) for tempera-
ture (℃); −6.57 (−8.66 to −4.47) for heart rate (bpm); 7.60 
(6.52 to 8.68) for respiratory rate (breaths per minute); and 
−0.79 (−1.10 to −0.48) for oxygen saturation (%) (Fig. 2). 
The level of agreement analyzed using the intraclass corre-
lation coefficient (ICC) was good for heart rate [ICC (95% 
CI) of 0.77 (0.72 to 0.82); p value < 0.001] and oxygen 
saturation [ICC (95% CI) of 0.80 (0.75 to 0.84); p value < 
0.001], while it was moderate for body temperature [ICC 
(95% CI) of 0.54 (0.36 to 0.60); p value < 0.001] and poor 
for respiratory rate [ICC (95% CI) of 0.30 (0.10 to 0.44); p 
value 0.002]. There were no episodes of apnea, hypothermia 
bradycardia, or tachycardia reported during the study period.

A visual inspection for skin changes (redness, swelling, 
etc.) as well as an examination for local rise in temperature 
(due to heating) at the site of application of the device were 
done every 2 h till the device was applied. No adverse events 
were seen during the study. All babies had a total NIPS less 
than 2 (suggestive of mild to no discomfort) throughout the 
study period.

Discussion

The Nemocare Raksha device is a Bluetooth-enabled smart 
wearable device designed to be applied to a baby’s foot 
for continuous monitoring of vital parameters. The device 
was developed with the required safety features as per ISO 
14971. In this pilot study (the first in humans), safety of the 
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device in newborns and the feasibility of monitoring vital 
parameters seamlessly for 6 h were assessed. Accuracy was 
evaluated by comparing it with the standard monitor used 
in the neonatal ward. Forty newborns of either gender were 
enrolled in one of three birth weight categories. Each baby 
was monitored continuously for 6 h using the Nemocare 
Raksha device. Readings from the standard device were 
obtained at baseline, followed by 1, 2, 3, 4, 5, and 6 h, or 
end of the study.

The agreement of values between the NR and the stand-
ard device was analyzed using the intraclass correlation 
coefficient and one-sample t-test. Overall, heart rate (ICC 

0.77; p value < 0.001) and oxygen saturation (ICC 0.80; 
p value < 0.001) showed good reliability, while it showed 
moderate reliability for temperature (ICC 0.54; p value < 
0.001) and poor reliability for respiratory rate (ICC 0.30; 
p value 0.002). A correlation coefficient value of > 0.75 
is considered as good agreement [13]. The authors did not 
find any suitable reference for a clinically relevant differ-
ence in newborn. The following criteria of 10 ± 10 beats 
per minute for HR, 3 ± 3 breaths per minute for RR, 0.5°C 
± 1.0°C for temperature, and 3% ± 5% for SpO2 were used 
for adults [14]. Based on the above criteria, there was no 
clinical difference in the HR, body temperature, or oxygen 
saturation measured between the NR device and the gold 
standard. The difference of 3% ± 5% may be too large 
to be considered safe in neonates. However, the present 
study showed a much smaller difference of 0.79 (−1.10 
to −0.48) for SpO2. There was a significant difference in 
the RR (mean difference of 7.60) between the NR device 
and the gold standard). This difference is because the RR 
was derived and not directly measured. These data can be 
used to improve further validation of RR in the upgraded 
device. Overall, the present study showed good reliability 
for the measurement of heart rate and SpO2, while fur-
ther improvement is needed for respiratory rate and body 
temperature.

Newborn monitoring systems have seen minimal inno-
vation in the last few decades. Adult systems are mini-
mally adapted for use in pediatrics and are limited by the 
use of rigid sensors that use strong adhesives to attach to 
the neonates’ skin and are connected to bulky units limit-
ing movement of babies for feeding by mothers [15, 16]. 
The NR weighs only 20 grams (has the size of a 10-rupee 
coin) can be easily worn on the foot without any restrict-
ing movement. This can facilitate kangaroo mother care 
without interfering with the monitoring. NIPS (adminis-
tered every second hourly, from baseline till end of the 
study) also did not show any discomfort or skin changes 
to the baby.

Table 1   Baseline characteristics of study population

Vitals captured at baseline using the standard device. Continuous 
variables entered as mean ± SD or median with interquartile range. 
Categorical variables expressed in frequency (percentage)

Variables Descriptive statistics
(N = 40)

Gender Male (n, %) 22 (55.0%)
Gestational age (weeks) 36.08 ± 2.3
Birth weight (kg) 2.39 ± 0.6
Current weight (kg) 2.36 ± 0.58

Vitals

Oxygen saturation (%) 95.10 ± 2.9
Temperature (℃) 36.55 (36.7–36.5)
Respiratory rate (breaths per 

min)
48.30 ± 7.0

Heart rate (bpm) 132.90 ± 15.8

Clinical characteristics

Apgar 1 min 8.00 (7.0–8.0)
Apgar 5 min 9.00 (8.0–9.0)
Resuscitation at birth 38 (95.0%)
Prematurity 9 (22.5%)
Low birth weight 10 (25.0%)

Table 2   The mean difference and level of agreement for the vital parameters between the standard device and the Nemocare device

Statistical test used: One-sample t-test for mean difference

Parameters Mean difference (95% CI) p value

Temperature (℃) 0.66 (0.42 to .90) < 0.001
Heart rate (bpm) −6.57 (−8.66 to −4.47) < 0.001
Respiratory rate (breaths per minute) 7.60 (6.52 to 8.68) < 0.001
Oxygen saturation SpO2 (%) −0.79 (−1.10 to −0.48) < 0.001

Parameters Intraclass correlation coefficient (95% CI) p value

Temperature 0.54 (0.36 to 0.60) < 0.001
Heart rate 0.77 (0.72 to 0.82) < 0.001
Respiratory rate 0.30 (0.10 to 0.44) 0.002
SpO2 0.80 (0.75 to 0.84) < 0.001
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Populations in rural areas have limited access to modern 
health care facilities. Babies are delivered at home without 
any medical professional’s help or are taken home immedi-
ately after delivery. The hub model and scalability of the NR 
device can provide a potential place for monitoring newborn 
remotely, even in resource-limited settings [17]. Depending 
on the context of healthcare, Nemocare-based monitoring 
can be implemented for remote home-based monitoring to 
avoid unnecessary hospital admissions or in wards (a “vir-
tual ward model”) for early identification of sick babies, 
thereby avoiding the need for ventilation and ICU admis-
sion [18–20]. Home assessment programmes have shown 
to reduce emergency consultations and organizational inef-
ficiencies in patient care for various conditions [21, 22].

Since the device was clinically tested for the first time, 
the study was conducted in stable newborns in the NICU 
requiring regular monitoring. Also, the device was tested 
only for a short duration of 6 h. While these measures are 
taken to ensure safety, they are also potential limitations of 
the study. To maximize its utility, further testing for longer 

duration in sick babies admitted to intensive care units (pre-
term babies, babies with unstable vitals, and babies with 
cardiac problems) is planned.

Conclusion

The study showed the ability of the Nemocare Raksha device 
to seamlessly monitor vital parameters in neonates without 
any safety concerns. The device showed good agreement 
with standard devices for monitoring heart rate and oxygen 
saturation. Further calibration is needed to improve the accu-
racy of respiratory rate and body temperature.
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Fig. 2   The Bland–Altman plot for vitals between the investigational device and the standard care device. HR Heart rate, RR Respiratory rate, 
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