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Abstract
From home to intensive care units, innovations in pulse oximetry are susceptible to improve the monitoring and manage-
ment of patients developing acute respiratory failure, and particularly those with the coronavirus disease 2019 (COVID-19). 
They include self-monitoring of oxygen saturation  (SpO2) from home, continuous wireless  SpO2 monitoring on hospital 
wards, and the integration of  SpO2 as the input variable for closed-loop oxygen administration systems. The analysis of 
the pulse oximetry waveform may help to quantify respiratory efforts and prevent intubation delays. Tracking changes in 
the peripheral perfusion index during a preload-modifying maneuver may be useful to predict preload responsiveness and 
rationalize fluid therapy.

1 Introduction

Pulse oximetry was developed in the 1970′s to monitor oxy-
gen saturation  (SpO2) during anesthesia, and, its inventor, 
Takuo Aoyagi, sadly passed away on April 18, 2020 at age 
84. Although there is no strong evidence that monitoring 
 SpO2 improves outcome in surgical patients [1], pulse oxi-
metry is today a mainstay of perioperative monitoring. It 
is also widely used in intensive care units (ICU) and emer-
gency departments. In the era of evidence-based medicine, 
no one is actually questioning its use and clinical value. 
After all, parachutes have not been scientifically proven to 
be lifesaving [2] and yet common sense prevails.

In this article we describe recent innovations in pulse 
oximetry that could be useful in coronavirus disease 2019 
(COVID-19) patients.

2  Self‑monitoring of oxygen saturation 
from home

Although pulse oximeters have been miniaturized and 
have become wireless and affordable, they—unlike ther-
mometers—are not yet found in our home medicine cabi-
net. However, during this pandemic, home pulse oximetry 
could be very useful in detecting patients requiring oxygen 
and hospitalization. An initiative led by Peter Pronovost 
from Cleveland University Hospitals is currently going on 
for COVID-19 outpatients. This program promotes the use 
of a finger disposable wireless sensor enabling continuous 
 SpO2 monitoring at home. A dedicated command center 
receives measurements and alerts via the patient’s smart-
phone. Self-monitoring with miniaturized medical grade 
pulse oximeters—easily purchased on the web—may be 
a useful alternative.

3  Continuous monitoring of oxygen 
saturation on hospital wards

The recent surge of hospitalized COVID-19 patients created 
both material and healthcare worker shortages, raising con-
cerns regarding patient safety. Wireless and wearable sensors 
are now available to monitor a large number of ward patients 
at the same time, display the information on a central station, 
and, in case of clinical deterioration, immediately alert nurses 
on their pager [3]. During epidemics, wireless sensors would 
also have the advantage of decreasing the number of physical 
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interactions and thereby the risk of virus transmission between 
healthcare workers and patients [4].

4  Pulse oximetry for automated oxygen 
administration

In patients hospitalized for respiratory failure who require 
supplemental oxygen, precise manual oxygen titration is dif-
ficult to achieve and is time-consuming. Automated oxygen 
titration devices have been developed to avoid periods of 
hypoxemia and of hyperoxemia [5]. These systems are based 
on a closed-loop circuit that enables oxygen flow titration (the 
output variable) according to the patient’s real-time  SpO2 (the 
input value). It intends to reverse the paradigm from a con-
stant oxygen flow with a variable  SpO2 value, to a constant 
target  SpO2 set by the physician with continuous oxygen flow 
variations. The use of such devices has been associated with a 
greater percentage of time spent within the  SpO2 target range, 
as well as shorter duration of oxygen administration and hos-
pital length-of-stay [6].

5  Pulse oximetry to quantify respiratory 
efforts and prevent intubation delays?

The physiologic response to hypoxemia is an increase in both 
respiratory frequency and tidal volume. Work of breathing 
increases, resulting in large changes in pleural pressure which 
may be responsible for self-inflicted acute lung injury [7]. This 
phenomenon has been advocated to explain, at least in part, 
the rapid deterioration of lung function in COVID-19 patients 
[8]. A very recent study [9] suggests that patients with acute 
respiratory failure who do not quickly reduce their respiratory 
effort after initiating non-invasive ventilation will ultimately 
require tracheal intubation. In this study, respiratory effort was 
quantified by monitoring the respiratory swings in esophageal 
pressure. But in clinical practice, esophageal probes are not 
used in spontaneously breathing patients. In this specific con-
text, the pulsus paradoxus depends mainly on the magnitude 
of changes in pleural pressure and could be used to approxi-
mate respiratory efforts [10]. It can be quantified from a pulse 
oximetry waveform [11] and is known today as the pleth vari-
ability index (PVI). Therefore, when initiating oxygen therapy 

or non-invasive ventilation, monitoring changes in PVI may 
help to assess the impact on respiratory efforts and prevent 
intubation delays.

6  Pulse oximetry to guide fluid 
management

In patients with acute respiratory distress syndrome 
(ARDS), individualized fluid therapy is desirable to balance 
the risks of fluid overload (increase in pulmonary edema) 
with the risks of fluid restriction (decrease in cardiac out-
put and oxygen delivery to the tissues). Predicting preload 
responsiveness is a way to identify patients who may benefit 
from fluid administration and, maybe more importantly, to 
prevent unjustified fluid boluses in preload non-responders. 
Predicting preload responsiveness may improve outcome in 
patients with sepsis and septic shock [12] and it was recently 
recommended by WHO, the Surviving Sepsis Campaign 
guidelines and the NIH for the hemodynamic management 
of COVID-19 patients.

The assessment of changes in cardiac output during a pas-
sive leg raising maneuver or a lung recruitment maneuver 
has been proposed to accurately predict preload responsive-
ness during protective mechanical ventilation [13]. Recent 
studies have shown that changes in the peripheral perfusion 
index (PI)—another variable quantified by pulse oxime-
ters—are closely correlated with changes in cardiac output 
during these brief dynamic maneuvers [14, 15]. Therefore, 
when cardiac output is not monitored, pulse oximetry—
through the assessment of changes in PI—may also help to 
predict preload responsiveness and to guide fluid therapy in 
ARDS patients.

7  Conclusion

From home to ICUs, innovations in pulse oximetry go 
beyond the remote monitoring of  SpO2 (Fig. 1) and are sus-
ceptible to improve quality of care in patients developing 
acute respiratory failure, particularly those with COVID-19.
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Fig. 1  Innovations in pulse oximetry may help to treat COVID-19 patients from home to the intensive care unit (ICU). PVI  pleth variability 
index; PI perfusion index

https://doi.org/10.1001/jama.2020.6825
https://doi.org/10.1164/rccm.201912-2512OC
https://doi.org/10.1164/rccm.202004-1504LE
https://doi.org/10.1164/rccm.202004-1504LE


14 Journal of Clinical Monitoring and Computing (2021) 35:11–14

1 3

 11. Frey B, Butt W. Pulse oximetry for assessment of pulsus par-
adoxus: a clinical study in children. Intensive Care Med. 
1988;24:242–6.

 12. Douglas IS, Alapat PM, Corl KA, et al. Fluid response evalua-
tion in sepsis hypotension and shock: a randomized clinical trial. 
Chest. 2020. https ://doi.org/10.1016/j.chest .2020.04.025.

 13. Monnet X, Marik P, Teboul JL. Prediction of fluid responsiveness: 
An update. Ann Intensive Care. 2016;6:111.

 14. Beurton A, Teboul JL, Gavelli F, et al. The effects of passive leg 
raising may be detected by the plethysmographic oxygen satura-
tion signal in critically ill patients. Crit Care. 2019;23:1–10.

 15. de Courson H, Michard F, Chavignier C, et al. Do changes in 
perfusion index reflect changes in stroke volume during preload-
modifying maneuvres? J Clin Monit Comput. 2019. https ://doi.
org/10.1007/s1087 7-019-00445 -2.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.chest.2020.04.025
https://doi.org/10.1007/s10877-019-00445-2
https://doi.org/10.1007/s10877-019-00445-2

	COVID-19: Pulse oximeters in the spotlight
	Abstract
	1 Introduction
	2 Self-monitoring of oxygen saturation from home
	3 Continuous monitoring of oxygen saturation on hospital wards
	4 Pulse oximetry for automated oxygen administration
	5 Pulse oximetry to quantify respiratory efforts and prevent intubation delays?
	6 Pulse oximetry to guide fluid management
	7 Conclusion
	References




