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The governing standard for pulse oximeters, ISO 80601-
2-61, establishes that healthy human subjects undergoing 
induced hypoxemia are required for validating pulse oxim-
eter accuracy, using one of two methods: (1) comparison 
of SpO2 to arterial blood analyzed by a co-oximeter, or (2) 
comparison of SpO2 to an already validated pulse oximeter. 
Comparison studies are not only utilized by manufacturers 
to acquire data required for regulatory validation; they are 
also used to evaluate efficacy of engineering enhancements, 
and by independent researchers characterizing pulse oxim-
eter models and sensors.

During the performance of comparison studies, sources of 
artifact must be mitigated. Crosstalk is an important source 
of optical interference that can occur whenever two or more 
pulse oximeter sensors are placed on the same extremity, or 
in close proximity to one another. A recent image from Stat 
News (Fig. 1) depicts a subject undergoing a pulse oximeter 
comparison study with multiple adjacent unshielded sensors 

1 Introduction

Pulse oximeters have been used by clinicians for decades to 
noninvasively measure functional blood oxygen saturation 
(SpO2) and to monitor patients’ cardio-respiratory status. 
Medical device pulse oximeters are regulated by govern-
ment agencies, e.g., Food and Drug Administration (FDA) 
in the United States and Medicines and Healthcare products 
Regulatory Agency (MHRA) in the United Kingdom. These 
regulatory agencies require manufacturers to perform clini-
cal testing on pulse oximeters to confirm performance and 
safety prior to receiving authorization for medical use.
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Abstract
Purpose: Pulse oximeter accuracy is important for the quality and safety of patient care. Methodological errors occur-
ring during pulse oximeter accuracy studies can confound results. One potential source of error during pulse oximeter 
comparison studies is optical interference due to sensor-to-sensor crosstalk. Optical crosstalk can occur whenever pulse 
oximeter sensors are tested in close proximity of one another, as occurs during pulse oximeter comparison studies. Meth-
ods: This publication represents the first comprehensive review of sensor-to-sensor crosstalk and other forms of optical 
interference during pulse oximeter comparison studies. A review of the published literature was undertaken to elucidate 
the mechanism of optical crosstalk, along with other forms of optical interference, and a solution (shielding) is offered. 
Results: When pulse oximeter sensors are placed close to each other, as occurs during comparison studies, the red and 
near-infrared light used can also enter an adjacent sensor and lead to error. Pulse oximeter manufacturers have designed 
systems to reject some forms of optical interference, such as ambient light. However, light emanating from adjacent sen-
sors during comparison studies can cause artifact, and this can be exacerbated by sensor malposition. Proper sensor place-
ment and use of optical shielding are the best solutions to prevent crosstalk. Conclusions: Crosstalk and other forms of 
optical interference can corrupt pulse oximeter readings. Proper sensor placement and use of optical shielding of sensors 
are crucial steps to help protect the integrity of the data. Studies to further characterize crosstalk during pulse oximeter 
comparison studies are needed.
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(high risk for crosstalk). Data acquired from such a configu-
ration should always raise the concern of experimental error 
due to crosstalk-mediated data corruption, which could lead 
to erroneous and misleading conclusions.

Despite nearly 40 years of published reports describing 
the effect of light interference in pulse oximetry, including 
crosstalk, researchers do not always avoid this important 
confounder when conducting comparison studies. Accounts 
of crosstalk began to emerge in the 1980’s when clinical 
observations demonstrated optical interference of pulse 
oximeters emanating from infrared heat lamps [2]. An 
early review on pulse oximeter crosstalk published in 1991 
emphasized the potential hazard from infrared heat lamps, 
as well as from surgical lights [3].

Crosstalk has been described in the literature using alter-
native terms, such as ambient light interference and opti-
cal flooding. Regardless of the terminology, the mechanism 
involves a disruption of the photoplethysmograms (PPGs). 
PPGs are the pulsatile optical signals used for the estima-
tion of blood oxygen saturation, and hence any “corruption” 
of the PPG waveform due to external light interference can 
lead to additional SpO2 error. In addition to erroneous SpO2 
values, corrupted PPG waveforms can alter other param-
eters derived from the PPG (e.g., respiratory rate, perfusion 
index, and heart rate).

This document primarily reviews the principles and liter-
ature on sensor-to-sensor crosstalk during comparison stud-
ies. Crosstalk interference of pulse oximeters due to external 
light-emitting diode (LED) systems are also discussed due 
to their relevance in both clinical environments and some 
laboratory settings. In addition, other important forms of 
optical interference resulting from sensor malpositioning 

are discussed, including the penumbra effect and optical 
shunting. The important universal solution of shielding is 
often overlooked in laboratory comparison studies. It is also 
emphasized, because deployment of protective shielding 
can fully block the intrusion of extraneous red and infrared 
light from reaching a pulse oximeter detector during com-
parison studies.

2 Methods

Searches of the literature were conducted in Web of Sci-
ence, PubMed, Science Direct, Scopus, and Ovid (includ-
ing journals from Ovid, CityLibrary Journals@Ovid, Allied 
and Complementary Medicine (AMED), Embase, Global 
Health, and Ovid MEDLINE). Keywords used in this 
search included: “Pulse oximetry”, “crosstalk”, “light inter-
ference”, “optical interference”, “optical shunting”, “pen-
umbra”, “light flooding”, “ambient light”, “infrared heat”, 
“sensor malposition” and “sensor misalignment”. Database 
searches yielded 71 results. A manual search of all the rel-
evant papers was carried out to identify papers investigating 
the effect of light in the performance of pulse oximeters. 
Following full-text analysis, 14 studies met the inclusion 
criteria and were included in this narrative review.

3 Sensor-to-sensor crosstalk

In understanding sensor-to-sensor crosstalk, one must rec-
ognize that infrared light travels through some tissues more 
easily than red light, and it can also reflect from nearby hard 

Fig. 1 Example of multiple 
adjacent (unshielded) pulse 
oximeter sensors on both hands. 
This experimental configuration 
has a high likelihood of sensor-
to-sensor crosstalk and can result 
in inaccurate data for both SpO2 
and pulse rate. Image reproduced 
(with permission) from Usha 
Lee McFarling’s article, “No 
one’s quite sure how to fix pulse 
oximeters. The FDA asked this 
lab to find answers.” Stat News. 
Dec. 16, 2022 [1]
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surfaces (e.g., equipment, walls, and floors) without being 
seen. Any nearby source of infrared light can cause opti-
cal interference without being directly aimed at the pulse 
oximeter sensor. Therefore, even if the red light of a sensor 
is not visibly shining on an adjacent sensor, the risk of opti-
cal interference from crosstalk is still present. It is prudent 
to assume crosstalk will occur whenever two or more pulse 
oximeter probes are placed adjacent to one another.

The mechanism of optical “crosstalk” requires addi-
tional study, but it is hypothesized to result when stray light 
emanating from a source other than the sensor’s emitter is 
being sensed by the pulse oximeter’s detector (mainly pho-
todiodes). In the example shown in Fig. 1 above, the con-
taminating source would be the red/infrared light projecting 
from adjacent unshielded pulse oximeter sensors. Optical 
crosstalk could lead to corruption of the PPG waveform 
and can result in an erroneous SpO2 value. Crosstalk errors 
can originate from several sources, such as the reflection 
of light from nearby surfaces or the presence of other light 
sources in the ambient environment. Crosstalk error sever-
ity depends on the intensity of the contaminating light, as 
well as the temporal overlap and wavelength spectrum of 
the contaminating light.

To fully understand the significance of crosstalk as a 
confounder in comparison studies, it is important to review 
some basics on how pulse oximeters work. Pulse oximeters 
measure the ratio of pulsatile (arterial signal) to non-pulsa-
tile red and infrared light absorption at two or more specific 
wavelengths. Oxyhemoglobin (peak absorption 940 nm) 
absorbs more infrared light than deoxyhemoglobin, and 
deoxyhemoglobin (peak absorption 660 nm) absorbs more 
red light than oxyhemoglobin [4]. Red and infrared LEDs 
from one side of the probe shine light through the tissue 
to a photodetector on the opposite side of probe, which 
senses the red and infrared light that has been absorbed or 
reflected by the pulsating arterial blood. Thus, pulse oxim-
eters depend on time-varying light signals to detect arterial 
blood absorbance changes in the measurement site. Any dis-
turbance of the PPG signal due to external light in the red 
to near-infrared spectrum can cause erroneous SpO2 values.

It is recommended that pulse oximetry sensors be posi-
tioned according to the manufacturer’s directions for use 
(DFU) to avoid potentially interfering ambient light reach-
ing the photodetector. In addition, manufacturers typically 
employ engineered electronic filtering solutions to alleviate 
some impact of ambient light interference. However, such 
filtering techniques, irrespective of how advanced they are 
or claim to be, cannot guarantee the absolute elimination of 
light interference. Hence, any light component in the red 
to the near-infrared range of the spectrum can still enter 
the sensor if not optically shielded. Most pulse oximeters 
operate at similar wavelengths (660 and 940 nm) and use 

LED multiplexing. Therefore, interference between devices 
should be anticipated in a scenario where sensors are placed 
in proximity of one another, since each pulse oximeter could 
receive additional light from the adjacent sensor. Again, 
ambient light shields can effectively prevent the effects of 
stray light sources, provided they also block infrared light.

Sensor-to-sensor crosstalk is far more likely to occur dur-
ing comparison testing of pulse oximeter sensors, as they 
are frequently deployed on adjacent application sites (e.g., 
fingers), a situation which is not as common in the clinical 
environment. Since the adjacent sensor setup is almost com-
pletely relegated to research environments, peer-reviewed 
reports analyzing factors affecting crosstalk in this scenario 
have not yet been published. However, because comparison 
studies are used to draw clinical conclusions on the effective-
ness of pulse oximeters, further prospective laboratory stud-
ies are needed to quantify the degree of error caused when 
various sensors are used independently or properly shielded, 
versus when used in close proximity to one another.

4 External light interference

There are several scenarios (in the clinic as well as the lab) 
where external light interference can be encountered when 
using pulse oximeters. Such interference can emanate from 
ambient light, as well as from specialized medical devices 
that use optical systems. This section reviews external light 
interference from ambient light as well as from specialized 
optical equipment, including infrared heaters and communi-
cations systems, operating room lights, and surgical naviga-
tion systems.

4.1 Ambient light

Pulse oximeter designs have long included the ability 
to reject ambient light in their processing, evident by the 
fact that standard pulse oximetry test equipment, such as 
the popular Fluke Biomedical Patient Monitor Simulators 
(Fluke Corporation, Washington, US), have the ability to 
simulate light interference sources, including sunlight, DC, 
50 Hz/60 Hz and pulsed 1–10 Hz.

During the early adoption of pulse oximeter technology, 
clinicians reported situations where pulse oximeters became 
unreliable [2], and simple solutions were quickly developed 
[5]. Subsequently, investigators such as Fluck, et al. studied 
the errors introduced by various types of lighting commonly 
used in hospitals [6]. These included incandescent, quartz-
halogen, infrared, fluorescent, and bilirubin lights (blue/vio-
let light therapy lamps). Those investigators concluded that 
common light sources used in hospital settings had mini-
mal impact on pulse oximeter readings or accuracy. This 
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including the StealthStation™ (Medtronic, Memphis, TN) 
and Brainlab neuronavigation system (Brainlab, Inc., West-
chester, IL) [9–12]. The authors reported interference pat-
terns in the pulse oximeter’s signal, false readings, or both 
[9–12]. One study using the StealthStation system noted a 
4 Hz disturbance in the pulse oximeter’s waveform, which 
caused a sudden drop in displayed oxygen saturation (SpO2) 
values, as shown in Fig. 2 [9]. The StealthStation system 
radiates infrared light at 4 Hz, which demonstrates the effect 
of time-varying light on a pulse oximeter waveform.

4.3 Sensor malposition: penumbra effect / optical 
shunting

Pulse oximeters rely on absorption of red and infrared LED 
light through the pulsatile arterial vascular bed to estimate 
arterial oxygen saturation. This arterial pulsation is a small 
percentage of the total amount of light transmitted. Thus, 
it is important that the light is adequately coupled into the 
tissue and collected thereafter by the detector. When sen-
sors are improperly placed (i.e., not in accordance with the 
DFU), the reliability of the readings is compromised. This 
has been referred to in the literature as the penumbra effect 
or optical shunting. These phenomena can result from: (1) 
misalignment of the emitter and detector, (2) partial cover-
age of tissue between emitter and detector, causing a dis-
proportionate amount of light added to the detected signal 
without passing through pulsatile tissue, or (3) inadequate 
coupling (gaps) between the emitter, tissue bed, and detec-
tor, which causes optical shunting and therefore reduces 
the signal-to-noise ratio. All the above have been shown to 
contaminate the red/infrared ratio in an unpredictable man-
ner, leading to either higher or lower than normal SpO2 val-
ues [13, 14]. While perfusion index (PI) could be a quality 
index that could relate to both sensor malposition and criti-
cal hypoperfusion, it will be almost impossible to solely use 
the PI as an indicator of probe malposition.

A report by Kelleher, et al. in 1989 is the first known 
publication indicating that penumbra and optical shunting 
can be sources of error in SpO2 measurements [13]. In this 
article, erroneous SpO2 readings from a surgical case are 
described where simple repositioning of the SpO2 probe 
resulted in disappearance of the error. This observation 
motivated a formal investigation of malpositioned SpO2 
probes in 20 subjects [13]. The researchers altered the pen-
umbra by repositioning a pulse oximeter probe in intervals 
of 1 mm (from + 11 mm to -9 mm) from the proximal end of 
the fingertip on the index finger of the left hand. The proto-
col was repeated at ambient temperatures of 13 and 21 °C to 
accommodate vasoconstriction and vasodilation. The results 
suggest that pulse oximetry inaccuracies were caused by a 
combination of optical shunting, weak pulse signals and 

suggested that ambient light had been fully accounted for 
in the design of modern pulse oximetry systems and was no 
longer an issue. However, certain lighting technologies that 
use time-varying light signals can still threaten pulse oxim-
eter accuracy, primarily LED-based hospital illumination 
technologies and some specialized equipment described 
below.

4.2 Specialized optical medical devices

4.2.1 Infrared heaters / infrared communication

The earliest published reports of optical crosstalk in pulse 
oximetry were in reference to infrared heat lamps [2]. In 
clinical care, heating lamps are critical for temperature man-
agement during anesthetic care, especially in pediatrics [7]. 
However, heat lamps produce high-intensity ambient light 
that can prevent the pulse oximeter from sensing light trans-
mitted through tissue to calculate the SpO2 value. This prob-
lem can easily be resolved by shielding the pulse oximeter 
sensor with a protective material that will prevent external 
light from reaching the detector [2, 3, 7].

4.2.2 Operating room surgical lights

While early accounts of crosstalk reported interference from 
surgical lights and infrared heat lamps [2, 3], a more recent 
case report described pulse oximeter interference caused by 
newly installed LED surgical lights, which resolved when 
moving the light away from the oximeter sensor [8]. The 
authors found that the interference gradually increased as 
the light source was moved toward the sensor, resulting in 
false readings, low-signal warnings, or no readings from the 
pulse oximeter. While modern pulse oximeters are designed 
to reject ambient light to minimize light interference, a 
modulated ambient light source can create a pulsed wave-
form that overpowers the PPG waveform [8].

4.2.3 Surgical navigation systems

Optical interference affecting pulse oximetry has also 
been reported during use of surgical navigation systems, 

Fig. 2 Pulse oximeter plethysmogram with interference from Stealth-
Station surgical navigation system (bottom) and electrocardiogram 
(top). Reproduced (with permission) from the van Oostrom, et al. 
study [9]

 

1 3



Journal of Clinical Monitoring and Computing

In addition, there was also substantial variation in the 
performance of malpositioned sensors between subjects, as 
shown in Fig. 4 below.

The wide variation of pulse oximeter accuracy during 
sensor malposition underscores the importance of proper 
sensor placement to prevent penumbra effect errors.

4.4 Solutions for optical interference

As mentioned earlier, manufacturers have engineered 
signal-filtering solutions to eliminate common sources of 
ambient light interference (e.g., blocking 50 and 60 Hz 
artifact present in European and American electrical grids, 
respectively). One company, Masimo (Irvine, CA), has 
also provided signal-filtering solutions to eliminate arti-
facts emanating from the harmonics of 50 and 60 Hz signal. 
However, solutions to mitigate ambient light interference 
do not prevent sensor-to-sensor crosstalk, which can still 
impair pulse oximeter signals when two sensors are located 
in close proximity without shielding.

When multiple sensors are used simultaneously on the 
same subject, the above referenced filtering solutions are 
not sufficient due to optical crosstalk between the sensors. 

blood flow through cutaneous arteriovenous anastomoses. 
It was noted that the only source of ambient light was via 
fluorescent sources, and no surgical lamps were used.

Investigations of this topic were confirmed in 1993 by 
Barker, et al., who investigated the behavior of pulse oxim-
eters with malpositioned sensors in healthy volunteers dur-
ing a controlled desaturation protocol (stepwise decrease in 
arterial oxygen saturation [SaO2] from 100 to 70%) [14]. 
Eight different devices were tested, with five of the eight 
pulse oximeter sensors malpositioned and the remaining 
three (properly positioned sensors) used as controls. Analy-
sis of SpO2 values at five stable SaO2 plateaus demonstrated 
that the three control pulse oximeters were in agreement 
with the SaO2 samples within manufacturer specifications. 
However, performance of the malpositioned sensors varied 
greatly among different device models and SaO2 levels. Fig-
ure 3 shows plots of the pooled data from three of the pulse 
oximeters with malpositioned sensors compared to one of 
the control devices (Nellcor N-200). One pulse oximeter 
(Fig. 3B) underestimates oxygen saturation, while the other 
two devices (Fig. 3A and C) underestimate oxygen satura-
tion at high SaO2 values and overestimate it at low SaO2 
values.

Fig. 3 SpO2 values from three 
pulse oximeters with malposi-
tioned sensors versus simultane-
ous SpO2 values of properly 
positioned control oximeter 
(Nellcor N-200, finger). Pooled 
data for 12 subjects are shown 
for. (A) Nellcor N-100, finger; 
(B) Ohmeda 3700, earlobe; and 
(C) Criticare 504, earlobe. Linear 
regression best-fit (solid-line) 
and line of identity (dashed line) 
are shown. Reproduced (with 
permission) from the Barker et al. 
study [14]
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was placed around the sensor [9–12]. In one study evalu-
ating the effect of the Brainlab neuronavigation system on 
six different pulse oximeters, the authors assessed two dif-
ferent shielding techniques, which included a cotton blan-
ket or aluminum sheets wrapped around the pulse oximeter 
probe [10]. Results demonstrated a reduction in the interfer-
ence pattern using either method, but the aluminum wrap 
achieved undisturbed saturation recognition in all subjects 
with almost all monitors. Using an opaque shield designed 
for pulse oximeter probes, such as the Masimo Ambient 
Shield accessory (Fig. 5), will also eliminate this interfer-
ence, as demonstrated by the 2017 case report on interfer-
ence from the StealthStation surgical navigation system 
[12].

4.5 Clinical implications of optical interference

Although the scenarios producing optical interference in 
pulse oximetry discussed in sections II through IV (above) 
primarily emphasized problems in comparison studies, 
these lessons also have relevance during patient care. Medi-
cal management decisions in the clinical domain often uti-
lize data from pulse oximeters. Despite widespread use 
of pulse oximeters, the problems of crosstalk and optical 
shunting are not widely known in the clinical community. It 
is important for clinicians and researchers alike to be aware 
of these issues, carefully follow the manufacturer’s DFU, 
ensure proper sensor size and placement, and utilize proper 
shielding in situations where crosstalk or light interference 
is possible.

A specific example of crosstalk from an external infrared 
source (Brainlab neuronavigation system) was investigated 
for interference on the performance of six pulse oximeters 
from five different manufacturers. The results demonstrated 
significant differences among these pulse oximeters in sig-
nal quality and oxygen saturation detection (p < 0.001) with 
and without two different shielding methods, as shown in 
Fig. 6 (A and B) [10]. This shows that the crosstalk caused 
by interfering light sources can create large errors across 
various manufacturers/designs.

While the specific example of interference from the 
BrainLab neuronavigation system was studied, several 
other scenarios can influence the error introduced by opti-
cal crosstalk, depending on sensor geometries, interference 
band overlap, proximity to interference source, shunting 
pathway, saturation state of patient, and other factors. Thus, 
these potential errors can be highly variable and dependent 
on the measurement scenarios, leading to inaccurate out-
come of study objectives.

In these examples (mostly occurring in experimental set-
tings) optical shielding is required. Some investigators have 
used materials such as aluminum foil 3,9–12]. However, one 
manufacturer, Masimo, has created a commercially avail-
able accessory called “Ambient Shield” shown in Fig. 5.

Use of opaque shielding around sensors to prevent inter-
ference from modulated surgical lights and infrared heat 
lamps has been described in the literature for decades [3, 
7]. Furthermore, the increasing reports of pulse oximeter 
interference from surgical navigation systems have also 
shown that crosstalk was resolved when proper shielding 

Fig. 5 Masimo Ambient Shield Example of a Red and Infrared Light 
Shield. The Masimo Ambient Shield accessory is a disposable shield 
designed to filter out ambient light interference

 

Fig. 4 SpO2 values for malpositioned Ohmeda 3700, earlobe versus 
control SpO2 values; single-subject data showing two individuals and 
their separate linear regressions. Single-subject data fall much closer 
to regression lines than pooled data (Fig. 4), but the regressions for 
different individuals vary widely. Reproduced (with permission) from 
Barker et al. study [14]
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techniques, such as independent component analysis or 
blind source separation, to remove contaminating signals 
from the detected signal [16]. However, all of these signal-
processing solutions are less robust than deployment of the 
simple optical shielding method.

Engineering and clinical studies should be pursued to 
seek additional solutions to reduce the effects of optical 
interference when multi-pulse oximeter sensor placement is 
utilized. By better understanding the effects of these con-
founders on the PPG signals, we can make further progress 
in eliminating SpO2 errors, particularly during episodes of 
motion and low perfusion.

5 Summary

This paper provides the first substantial treatment of sensor-
to-sensor crosstalk during comparison studies. Earlier pub-
lications on crosstalk almost exclusively dwell on optical 
interference resulting from time-varying light signals ema-
nating from infrared heat lamps, surgical lights or naviga-
tion systems.

Errors in pulse oximeter accuracy due to ambient light 
sources have been largely overcome by manufacturers. 
However, errors can still occur from newer LED-based 
lighting technology during clinical care and in clinical stud-
ies involving more than one pulse oximeter sensor.

Studies have shown that the degree of optical interfer-
ence from external sources and sensor malposition can differ 
among pulse oximeter brands depending on their place-
ment, design, signal-processing, and how they manage the 
uncertainty in SpO2 readings [10, 14]. This has substantial 

4.6 Eye to the future

Several methods have been proposed to reduce the impact 
of optical interference on pulse oximetry measurements, 
which are summarized in Table 1. The first principle is to 
ensure proper sensor placement per the manufacturer’s 
DFU. The next important concept is to use optical shielding 
of the pulse oximeter sensor. Shielding becomes the most 
important factor when multiple pulse oximeters are being 
evaluated in comparison studies.

Another supportive approach is to use a multi-wave-
length pulse oximeter, which measures the absorption of 
light at more than two wavelengths and uses this informa-
tion to separate the contributions of arterial and venous 
blood to the light absorption [15]. However, this system, 
commercially developed by Masimo as Rainbow SET®, 
can still be susceptible to crosstalk artifacts when numerous 
sensors are tested simultaneously without adequate shield-
ing. Another approach is to use adaptive signal processing 

Table 1 Summary of best practices to mitigate optical interference in 
pulse oximetry

Clinical Care Research Settings
Sensor 
Position

Carefully follow the pulse oximeter manufacturer’s 
DFU and ensure proper sensor size and placement

Sensor 
Shielding

Utilize optical shielding around 
the pulse oximeter sensor when 
specialized optical medical 
devices are in use (e.g., infra-
red heaters, LED surgical lights 
and navigation systems)

Place optical 
shielding around 
each sensor when 
two or more pulse 
oximeter sensors 
are placed adja-
cent to one another 
(i.e., during pulse 
oximeter compari-
son studies)

Fig. 6 NN = neuronavigation; a pound sign (#) indicates p < 0.01 
versus NN without coverage; an asterisk (*) indicates P < 0.01 ver-
sus blanket coverage. (A) Percentages of subjects with undisturbed 
signal recognition. Performance of pulse oximeters was different 
among manufacturers, irrespective of the method of shielding during 

NN (p < 0.001). (B) Percentages of subjects with undisturbed satura-
tion recognition. Performance of pulse oximeters was different among 
manufacturers (p < 0.001). Reproduced (with permission) from the 
Mathes et al. study [10]
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implications in comparison studies where pulse oximeter 
sensors are placed adjacent to one another.

While these studies are typically limited to the research 
environment, it is crucial that the protocol includes proper 
sensor placement and use of appropriate shielding around 
each sensor to prevent optical interference. Numerous stud-
ies have shown that optical sensor shielding can resolve 
light interference [3, 7, 9–12]. This simple step in the study 
methodology will help protect the integrity of the results and 
ensure that accurate data are reported to the clinical commu-
nity. Studies to fully characterize the problem of crosstalk 
during pulse oximeter comparison studies are needed.

Author contributions P.A.K prepared and approved the final manu-
script.

Funding The author declares that no funds, grants, or other support 
were received during the preparation of this manuscript.

Declarations

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. McFarling UL. No one’s quite sure how to fix pulse oximeters. 
The FDA asked this lab to find answers. Stat News. https://www.
statnews.com/2022/12/16/pulse-oximeters-hypoxia-lab-ucsf/. 
Accessed April 14, 2023.

2. Brooks TD, Paulus DA, Winkle WE. Infrared heat lamps inter-
fere with pulse oximeters. Anesthesiology. 1984 Nov;61(5):630. 
https://doi.org/10.1097/00000542-198411000-00042.

3. Ralston AC, Webb RK, Runciman WB. Potential errors in pulse 
oximetry. III: Effects of interferences, dyes, dyshaemoglobins 
and other pigments. Anaesthesia. 1991 Apr;46(4):291–5. https://
doi.org/10.1111/j.1365-2044.1991.

1 3

https://doi.org/10.1016/j.rmed.2013.02.004
https://doi.org/10.1016/j.rmed.2013.02.004
https://doi.org/10.1097/00000542-198708000-00030
https://doi.org/10.1097/00000542-198708000-00030
https://doi.org/10.1016/j.bja.2019.07.002
https://doi.org/10.1007/BF03016280
https://doi.org/10.1007/BF03016280
https://doi.org/10.1213/ane.0b013e31817e6778
https://doi.org/10.1213/ane.0b013e31817e6778
https://doi.org/10.1016/j.jclinane.2012.03.010
https://doi.org/10.1016/j.jclinane.2012.03.010
https://doi.org/10.1186/s40981-017-0076-7
https://doi.org/10.1097/00000542-199308000-00009
https://doi.org/10.1097/00000542-199308000-00009
https://doi.org/10.1213/01.ane.0000268716.07255.2b
https://doi.org/10.1213/01.ane.0000268716.07255.2b
https://doi.org/10.1109/IEMBS.2004.1403134
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.statnews.com/2022/12/16/pulse-oximeters-hypoxia-lab-ucsf/
https://www.statnews.com/2022/12/16/pulse-oximeters-hypoxia-lab-ucsf/
https://doi.org/10.1097/00000542-198411000-00042
https://doi.org/10.1111/j.1365-2044.1991
https://doi.org/10.1111/j.1365-2044.1991

	﻿Optical crosstalk and other forms of light interference in pulse oximeter comparison studies
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Methods
	﻿3﻿ ﻿Sensor-to-sensor crosstalk
	﻿4﻿ ﻿External light interference
	﻿4.1﻿ ﻿Ambient light
	﻿4.2﻿ ﻿Specialized optical medical devices
	﻿4.2.1﻿ ﻿Infrared heaters / infrared communication
	﻿4.2.2﻿ ﻿Operating room surgical lights
	﻿4.2.3﻿ ﻿Surgical navigation systems


	﻿4.3﻿ ﻿Sensor malposition: penumbra effect / optical shunting
	﻿4.4﻿ ﻿Solutions for optical interference
	﻿4.5﻿ ﻿Clinical implications of optical interference
	﻿4.6﻿ ﻿Eye to the future
	﻿5﻿ ﻿Summary
	﻿References


