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Wearables have become widespread
consumer health products with sensors
measuring a wide range of vital signs. Using
these to monitor patients in a perioperative
setting could bring numerous benefits such
as early discharge from the hospital and
remote rehabilitation; yet their clinical
implementation remains a challenge as their
monitoring capabilities need to be validated.
This study aims to evaluate the accuracy and
validity of heart rate (HR) and oxygen
saturation (SpO2) sensors of four popular
devices from Apple, Samsung, Garmin, and
Withings in comparison with a gold
standard monitor currently used in
operating rooms and intensive care units.

We conducted measurements of HR and
SpO2 in 10 healthy subjects (American Society
of Anesthesiologists class I). For each subject,
we conducted three supervised measures at
rest to compare the validity and accuracy of
the wearables (Apple Watch Series 6,
Samsung Galaxy Watch3, Garmin Venu 2,
and Withings ScanWatch) following the
instructions provided by the manufacturer
against the Philips Intellivue X3 monitor. All
subjects signed an inform consent in
accordance with the Declaration of Helsinki
and the study was approved by the local
ethics committee
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Figure 1. HF and SPO2 Measurements of Smartwatches and Gold Standard Monitor

We find that all wearables measure HR with acceptable standardized typical error and indicate
significant correlations with the medical monitor, being Garmin and Samsung the smartwatches
that provide the highest HR validity. In contrast, the SpO2 measures were much more inaccurate
with a higher standardized error, nevertheless Apple and Garmin delivered a good correlation and
the highest SpO2 validity of all four devices. Moreover, we observed that all four smartwatches
deliver on average a 2% lower SpO2 than the gold standard. Results from Apple and Withings
smartwatches need to be further analyzed with caution and a with more significant number of
subjects, due to relatively higher error rates.
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Our results show that wearables have the potential to substitute traditional clinical monitoring by
delivering reliable data that could be used for patient care. However, we find differences in the
accuracy and hence the validity of smartwatches tested. In the future, we will extend our
methodological setting to investigate better the reliability of integrating smartwatches in
perioperative care. This will include testing more smartwatch devices and subjects (with and
without medical conditions), as well as long-term unsupervised monitoring and analysis to detect
or exclude possible systematic errors in the measurements.
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