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FOCUS ON 
PULSE OXIMETRY



BACKGROUND

Pulse oximetry is one of the routine vital sign measurements during a medical exam. Under 
normal circumstances, it is done during outpatient office visits, emergency room visits, and 
hospital admissions—but during the COVID-19 pandemic, pulse oximetry suddenly became a 
conversation topic for the general public.1 One of the symptoms of infection is decreased blood 
oxygenation, which is relatively easy to detect with a pulse oximeter, a fairly simple device 
that can be often purchased over the counter (OTC). During the early days of the pandemic, 
especially when SARS-CoV-2 PCR-based diagnostic testing availability was limited, many people 
rushed online or to a nearby pharmacy to purchase pulse oximeters, seeking some ability to 
self-monitor in the absence of lab tests. At-home pulse oximetry monitoring can indeed be 
beneficial for remote triaging of patient conditions, and may help determine when patients 
should seek in-person medical advice and treatment.

THE PLAYBOOK

Remote monitoring technologies like at-home pulse oximeters have been a category of devices 
caught in an ambiguous situation: it was not clear to what extent the data collected remotely 
without any supervision of a healthcare professional could be trusted and whether pulse 
oximeters purchased by patients themselves could be reliable. This challenge was recognized by 
the group who created the Digital Medicine Society (DiMe), a 501c3 nonprofit bringing together 
professionals with diverse expertise to harmonize the field and establish guiding principles.

Recently, DiMe published The Playbook, a digital medicine manual touching on multiple aspects 
for digital measures in the clinic. This is a comprehensive resource for anyone looking to learn 
how to select appropriate measures, how to determine whether a clinical measure is validated, 
how to select the right technology for study participants, and how to make it work in practice.

KONEKSA AND THE PLAYBOOK

Koneksa provides a technology platform for scientific research that enables our customers and 
collaborators to deploy digital biomarkers and measures in clinical trials. Koneksa has also been 
an active participant in the creation of The Playbook as part of our commitment to advancing 
digital medicine and enabling the early adoption of digital tools. But even the best manuals 
remain manuals until the content is applied to real life and yields a meaningful impact. Our goal 
with this Digest is to provide exactly that—relating real-world experience and expertise to help 
to put The Playbook in practice.
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PULSE OXIMETRY

Pulse oximetry is a convenient, noninvasive method for measuring capillary blood oxygen 
saturation using the different light-absorbing properties of oxygen-saturated hemoglobin 
(HbO2) and deoxygenated hemoglobin (Hb). It is important to separate the direct measurement 
of arterial blood gas in vitro, which is referred to as SaO2, from arterial oxyhemoglobin 
saturation measured noninvasively by pulse oximetry, which is referred to as SpO2.2 This 
method uses an engineering solution of photoplethysmography (PPG) with a light source and a 
photodetector. The signal is usually measured in the red and infrared parts of the light spectrum 
where the difference between HbO2 and Hb is large and their longer wavelengths penetrate 
deeper into tissue.3 The signals of light absorption by different forms of hemoglobin fluctuate 
in time because the amount of arterial blood present increases with each heartbeat, making it 
possible to measure both SPO2 and heart rate using pulse oximetry.

In commercial pulse oximeters, the light absorption by HbO2 and Hb cannot 
be measured directly. It needs to be determined experimentally for each 

pulse oximeter sensor by calibration, using empirical calibration curves 
developed from studies of healthy volunteers to calculate SpO2.  
The accuracy of a pulse oximeter is established by comparing SpO2, 
the oxygen-saturation values measured by the pulse oximeter, 
with SaO2, measured in arterial blood samples, the gold standard. 
Most manufacturers claim an accuracy of 2%, which is one 

standard deviation (SD) between SpO2 and SaO23. In the US, if a 
manufacturer pursues 510(k) clearance for their pulse oximeter, the 

FDA requires an accuracy of a root-mean-square error less than 3%  
at arterial blood saturation in hypoxic and normoxic conditions.4

Some pulse oximeters marketed directly to consumers may not have 510(k) 
clearance and may not have undergone testing to meet FDA requirements. An independent 
study assessing six low-cost fingertip oximeters without FDA clearance demonstrated that only 
two devices met the FDA requirements when tested according to the regulatory standard.5 
Additionally, some fitness trackers, including devices like Garmin and Apple smartwatches, 
can collect pulse oximetry data. However, the manufacturers state very clearly that the data 
collected by these devices is intended for wellness and exercise and not for medical decision-
making, drawing a clear distinction between recreational use and clinical purposes.

A number of conditions, both physiological and environmental, can produce altered readings for 
pulse oximetry: limited blood circulation, cold hands, hypotension, carbon monoxide poisoning, 
motion artifacts, bright light, etc.1,6 All these need to be taken into account when data collection 
is performed while patients are unsupervised, and manufacturer recommendations for data 
collection need to be followed very closely.
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Another potential confounder caught public attention recently: the impact of skin color. As 
we described earlier, SaO2, the gold standard for measuring hemoglobin blood saturation, is 
measured directly in blood and should be independent of skin pigmentation. However, pulse 
oximetry measuring light absorption by human tissue, which includes skin, can be impacted 
by skin pigmentation. The issue is more pronounced at low oxygen levels, which are of most 
clinical significance.

A recent publication in the New England Journal of Medicine suggests that pulse oximetry 
readings may be less accurate in people with darker skin pigmentation. Pulse oximetry data 
collected at University of Michigan Hospital from January through July 2020, and patients 
in the intensive care units at 178 hospitals from 2014 through 2015, indicated that occult 
(hidden) hypoxemia (an SaO2 reading of less than 88%, with an SpO2 reading of 92 to 96% via 
pulse oximetry) was more prevalent in patients who identified themselves as Black, compared 
to patients who identified themselves as white.7 This was a well-powered study; however, the 
models of pulse oximeters used to perform SPo2 measures were not identified. The FDA does 
recommend testing pulse oximeters on people with different skin colors.8

Most commonly, the measurements are taken at discrete time points on the areas of the body 
that have good blood perfusion, such as fingertip, earlobe, or forehead. Continuous monitoring 
is possible with newer models such as the WristOx2 Pulse Oximeter Model 3150 by Nonin.  
A recent observational study performed in patients with chronic obstructive pulmonary 
disease (COPD) demonstrated that continuous SpO2 monitoring is feasible with the highest 
rates of valid data collected at night.9 It is possible to measure SPO2 on the wrist, for example 
by Oxitone-1000 device. The number of devices available for pulse oximetry monitoring for 
extended periods of time remains to be limited; their performance and the quality of the  
data needs to be investigated further as the quality of the measurements may differ by wear 
location and specific model.1

CASE STUDY: OXIMETERS AND THE PLAYBOOK

Recently, Koneksa completed the integration of the Nonin Model 3230 pulse 
oximeter into our platform, an important milestone in developing our 
catalog and service offerings. Pulse oximetry is a significant diagnostic 
measure in a number of conditions, including COPD,9 respiratory 
infections,10 and lung cancer.11 The Nonin pulse oximeter has been 
tested in an independent study, along with other brands of pulse 
oximeters, and was found to be an accurate device for people 
with different skin color tones under both normal and low oxygen 
saturation conditions12 (which also indicated that the impact of skin 
pigmentation can be device dependent, and therefore needs to be 
tested and documented).
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The Playbook provides a comprehensive guide to the implementation of digital technologies in 
clinical care and research. The widespread use of pulse oximeters during the pandemic is an 
example of a well-established digital measure moving from the clinic to the home (The Playbook 
slide 82), and this transition has implications.6,13 The shift changes the context of use of an 
established measure and needs to be accounted for.

Koneksa proposed a decision tree to systematize the process of choosing to move measures 
from a clinic to a remote setting, considering the availability of the remote counterpart measure,  
the amount of measure validation, and when a new measure needs to be created.14

CONCLUSION

We firmly believe that the trend of moving formerly in-clinic measures to remote efforts will 
continue, even as the number of coronavirus cases continues to decline and life goes back to a 
more normal mode. This shift creates a new paradigm for clinical care and research and very likely 
will constitute a new normal of how clinical data is being collected, processed, and analyzed.

We are planning to provide regular updates to our customers and the digital medicine community 
about research findings and real-life examples related to The Playbook.

 1.   An Evaluation of Biometric Monitoring Technologies for Vital Signs in the Era of COVID-19. 
Manta, C., Jain, S.S., Coravos, A., Mendelsohn, D. & Izmailova, E.S. Clin Transl Sci. 13, 1034-
1044. 2020.

 2.   A review on wearable photoplethysmography sensors and their potential future applications in 
health care. Castaneda, D., Esparza, A., Ghamari, M., Soltanpur, C. & Nazeran, H. Int J Biosens 
Bioelectron. 4, 195-202. 2018.

 3.   Pulse oximetry: fundamentals and technology update. Nitzan, M., Romem, A. & Koppel, R. Med 
Devices (Auckl). 7, 231-239. 2014.

 4.    Pulse Oximeters - Premarket Notification Submissions [510(k)s]: Guidance for Industry and 
Food and Drug Administration Staff. https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/pulse-oximeters-premarket-notification-submissions-510ks-guidance-
industry-and-food-and-drug. February 26. 2021.

 5.    The Accuracy of 6 Inexpensive Pulse Oximeters Not Cleared by the Food and Drug 
Administration: The Possible Global Public Health Implications. Lipnick, M.S., Feiner, J.R., Au, P., 
Bernstein, M. & Bickler, P.E. Anesth Analg. 123, 338-345. 2016.

KONEKSA’S PLAYBOOK DIGEST: FOCUS ON PULSE OXIMETRY 5



 6.   Remote Digital Monitoring for Medical Product Development. Izmailova, E.S., et al. Clinical and 
Translational Science. 14, 94-101. 2021.

 7.    Racial Bias in Pulse Oximetry Measurement. Sjoding, M.W., Dickson, R.P., Iwashyna, T.J., Gay, 
S.E. & Valley, T.S. N Engl J Med. 383, 2477-2478. 2020.

 8.   FDA In Brief: FDA warns about limitations and accuracy of pulse oximeters. https://www.fda.
gov/news-events/fda-brief/fda-brief-fda-warns-about-limitations-and-accuracy-pulse-oximeters. 
February 26. 2021.

 9.   Wearable Finger Pulse Oximetry for Continuous Oxygen Saturation Measurements During 
Daily Home Routines of Patients With Chronic Obstructive Pulmonary Disease (COPD) Over 
One Week: Observational Study. Buekers, J., et al. JMIR Mhealth Uhealth. 7, e12866. 2019.

 10.    A simple nomogram for predicting failure of non-invasive respiratory strategies in adults with 
COVID-19: a retrospective multicentre study. Liu, L., et al. Lancet Digit Health. 3, e166-e174. 
2021.

 11.     Lung cancer symptoms and pulse oximetry in the prognostic assessment of patients with lung 
cancer. Martins, S.J., et al. BMC Cancer. 5, 72. 2005.

 12.    Dark skin decreases the accuracy of pulse oximeters at low oxygen saturation: the effects of 
oximeter probe type and gender. Feiner, J.R., Severinghaus, J.W. & Bickler, P.E. Anesth Analg. 
105, S18-23, tables of contents. 2007.

 13.    Remote digital monitoring in clinical trials in the time of COVID-19. Goldsack, J.C., et al. Nat 
Rev Drug Discov. 19, 378-379. 2020.

 14.     Remote Monitoring in Clinical Trials During the COVID-19 Pandemic. Izmailova, E.S., Ellis, R. & 
Benko, C. Clin Transl Sci. 13, 838-841. 2020.

Source: Content derived from playbook.dimesociety.org. Some of this content is licensed under: 
Creative Commons.

Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) 
https://creativecommons.org/licenses/by-sa/4.0/

KONEKSA’S PLAYBOOK DIGEST: FOCUS ON PULSE OXIMETRY 6


