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Multi-vital Wearable Device for Observing Neonate Condition
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Neonatal jaundice occurs in > 80 % of newborns in the first week of life owing to physiological
hyperbilirubinemia. Severe hyperbilirubinemia could cause brain damage because of its neurotoxicity, a state
commonly known as kernicterus. Therefore, periodic bilirubin monitoring is essential to identify infants at-risk and to
initiate treatment including phototherapy. However, devices for continuous measurements of bilirubin have not been
developed yet. Herein, we established a wearable transcutaneous bilirubinometer that also has oxygen saturation
(SpO2) and heart rate (HR) sensing functionalities. Clinical experiments with neonates demonstrated the possibility of
simultaneous detection of bilirubin, SpO2, and HR. Moreover, our device could consistently measure bilirubin during
phototherapy. These results demonstrate the potential for development of a combined treatment approach with an
automatic link via the wearable bilirubinometer and phototherapy device for optimization of the treatment of neonatal

jaundice.
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Figure 1: Conceptual schematic of wearable bilirubinometer. The
device is packaged in soft silicone rubber. The bilirubin levels of
neonates are measured based on the ratio of absorbances of blue and
green lights.
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Figure 2: Structure of the actual wearable bilirubinometer. a.
Internal structure of the device. b. Photograph of the actual device,
sensing part that contacts neonate’s forehead, and a circuit that
conducts the control and processing tasks.
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Figure 3: Bilirubin measurements by the developed device. a.
Relationship between the wearable device and the conventional
transcutaneous bilirubinometer in 50 neonates. b. Comparison
between transcutaneous bilirubin (TcB) by the developed device
and commercial bilirubinometer and total serum bilirubin (TSB) by
blood tests.
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Figure 4: Detection of bilirubin levels by the developed device and
blood test 24 h after phototherapy.
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Figure 5: HR and SpO2 measurements. Measurements of HR and
SpO:2 conducted by the developed and commercial devices before,
during, and after holding the breath for 1 min in adults. SpO2
decreased considerably 60 s after the onset of breathholding.
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Figure 6: Simultaneous measurement of 3 vitals—bilirubin, HR and
SpO2. Measurements of HR and SpO2 conducted by the developed
and commercial device.
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