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Abstract: Infants admitted to health-care centers with acute bronchiolitis are frequently
monitored with a pulse oximeter, a noninvasive method commonly used for measuring oxygen
saturation. The decision to hospitalize children with bronchiolitis has been largely influenced
by pulse oximetry, despite its questionable diagnostic value in delineating the severity of the
illness. Many health-care providers lack the appropriate clinical fundamentals and limitations of
pulse oximetry. This deficiency in knowledge might have been linked to changes in the manage-
ment of bronchiolitis. The aim of this paper is to provide the current evidence on the role of pulse
oximetry in bronchiolitis. We discuss the history, fundamentals of operation, and limitations of
the apparatus. A search of the Google Scholar, Embase, Medline, and PubMed databases was
carried out for published articles covering the use of pulse oximetry in bronchiolitis.
Keywords: bronchiolitis, children, monitor, oxygen

Introduction

Bronchiolitis is a respiratory condition usually caused by viral lower respiratory tract
infection in infants and young children. The pathophysiology of bronchiolitis com-
mences with acute inflammation, followed by edema, and augmentation of mucus
production.! Bronchiolitis is the most common cause of infant hospitalization in the
USA, costing the health-care system more than $1 billion annually.? The American
Academy of Pediatrics (AAP) strongly advocates that the history and physical exami-
nation form the focus of diagnostic procedures for bronchiolitis so as to produce the
correct diagnosis and to evaluate the severity of the illness.!

The decision to hospitalize children with bronchiolitis has been largely influenced
by pulse oximetry, despite its questionable diagnostic value in delineating the severity
of the illness.? Recently, infants admitted to health-care centers with acute bronchi-
olitis have been frequently monitored with a pulse oximeter,* a noninvasive method
commonly used for measuring oxygen saturation.’

Many health-care providers lack the appropriate clinical fundamentals and
limitations of pulse oximetry.>® This deficiency in knowledge has been linked to
changes in the management of bronchiolitis,’ perhaps because many emergency
department physicians depend on oximetry when deciding to admit the infant to the
hospital. Moreover, their decisions to admit might be based on only a 2% difference
in oxygen saturation.?

Despite being considered as a weak prognosticator of respiratory distress, oxygen
saturation is very closely linked to the increased rate of hospitalization of infants
with acute bronchiolitis’ and has been considered a major factor in the length of stay
in hospital.®? There is no consensus regarding the oxygen saturation cutoff value for
the initiation of oxygen supplements in infants with bronchiolitis.'*!' In a study con-
ducted by on clinical characteristics associated with hospitalization and length of stay,
Corneli et al” showed that among infants admitted with acute bronchiolitis, the unique

submit your manuscript
Dove

http:

Therapeutics and Clinical Risk Management 2015:11 1573-1578 1573
© 2015 Hendaus et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S93176
mailto:mhendaus@yahoo.com

Hendaus et al

Dove

decision point for a prediction of longer stay was oxygen
saturation measurement of 97% or less at presentation.
It has been postulated that if non-ill-appearing infants with
mild-to-moderate bronchiolitis can be discharged home from
the emergency department, fewer infants will be admitted to
the hospital and lower health-care expenses will occur.*

Hemoglobin is usually considered functional if it has
the capacity to bind and transport oxygen, producing
oxyhemoglobin and deoxyhemoglobin.!>"!* Failure
of hemoglobin to bind or transport oxygen results in
carboxyhemoglobin (COHb) and methemoglobin.!>!

A dangerous pitfall of pulse oximetry is that the
presence of COHb can overestimate arterial oxygenation.
This outcome is induced by the specific features of COHb,
which displays red-light absorption analogous to that of
oxyhemoglobin. The same concept applies to the presence
of methemoglobin.®

PaO,, by definition, is the partial pressure of oxygen
diffused in blood,'* while the calculation and measurement
of the percentage of oxygen bound to hemoglobin in arterial
blood is termed oxygen saturation (SpO,)."

Formerly, SpO, measurement was obtained solely by
drawing blood samples and measuring O, levels directly.
This approach was considered invasive and was inadequate
to support real-time measurements.'> Pulse oximetry is a
noninvasive technique for overseeing a human’s SpO,. The
most common available device is the transmissive applica-
tion mode, which uses a sensor device placed on a thin part
of'the patient’s body, such as the fingertip, earlobe, or across
the foot.'

In this paper, we describe the physiologic principles,
common applications, limitations, and clinical studies of
pulse oximetry in bronchiolitis.

Methods

A search of the Google Scholar, Embase, Medline, and
PubMed databases was carried out using different combina-
tions of the following terms: pulse, oximetry, infants, children,
operation, mode, and limitations. In addition, we searched the
references of the identified articles for additional articles. The
articles included in this review were restricted to randomized
controlled trials, cross-sectional studies, well-designed pro-
spective pilots, and guidelines from well-known international
organizations such as the AAP, the Scottish Intercollegiate
Guidelines Network (SIGN), and the National Institute for
Health and Care Excellence (NICE). We also referred to
websites for terminology and definitions. We did not count
on case reports, studies funded by device manufacturers,

Initial number of retrieved studies
N=164

v

Exclusion
89 articles published before 2000 with no major information

A 4

Remaining
n=75

A 4

Excluded 11 (abstracts only)
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Figure | Flow diagram of selection of references.

and small studies. Finally, the search was limited to studies
of disease that were published in English, Portuguese, and
Spanish from 1895 until July 2015 (Figure 1).

Results

History
In 1935, Karl Matthes refined the first 2-wavelength ear O,
saturation meter with red and green filters, leading to the
production of the first apparatus to measure O, saturation.
The evolution of oximetry was boosted during World War I,
when an approach was needed to monitor oxygenation in
aviators flying in high-pressure cockpits at high altitudes.!”

In 1964, Robert Shaw put together the first complete
reading ear oximeter by using eight wavelengths of light. It
was made commercially available by Hewlett-Packard (Palo
Alto, CA, USA) in 1970, but its use was limited to cardiac
catheterization labs, perhaps due to cost and size.'®

In 1970, investigations carried out by Takuo Aoyagi and
Michio Kishi on dye-dilution techniques for measuring cardiac
output resulted in the development of a photoplethysmogram,
which produces time-dependent volumetric variations
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in living tissues, resulting in the development of a pulse
oximeter.'>!8

Thirteen years later, in 1983, Bill New introduced the
Nellcor Pulse Oximeter (Covidien Corporation, Dublin,
Ireland) for inpatient as well as outpatient settings.'” Pulse
oximetry was of special interest in the neonatal intensive care
unit where premature neonates have had a high rate of mor-
bidity and mortality with inadequate oxygenation.?’ One of
the limitations of pulse oximetry was motion artifact, leading
to false results. The logic behind the inaccurate results is that
during movements, several pulse oximeter devices cannot
differentiate between moving venous blood and pulsating
arterial blood, resulting in underestimation of SpO,.*"** These
results prompted Masimo and his team to introduce Signal
Extraction Technology that can accurately measure SpO, dur-
ing low perfusion or when the patient moves, by separating
the arterial signal from the venous and other signals.? Pulse
oximeters that separate the arterial signal from the venous
are now available and have greater sensitivity/specificity
than older models.*

Principles of operation of pulse oximetry
A regular pulse oximeter uses an electronic processor and
a pair of small light-emitting diodes facing a photodiode
through a translucent part of the patient’s body, such as
the fingertip or an earlobe. Typically, one light-emitting
diode is red, with a wavelength of 660 nm, while the other
is infrared with a wavelength of 940 nm. The absorption
of light at these wavelengths is not similar between blood
loaded with oxygen and blood lacking oxygen. Oxygenated
hemoglobin permits more red light to cross and absorbs more
infrared light. On the other hand, deoxygenated hemoglobin
permits more infrared light to pass through and imbibes more
red light.'8* With every cardiac beat, there is an increase in
arterial blood, which temporarily augments arterial blood
volume across the measuring site. This will lead to increased
light absorption during the surge, creating “waveform” by the
photodetector. The term “pulse oximetry” was derived after
the observation of peak blood flow with each heartbeat or
pulse. The quantity of transmitted light is then measured. The
ratio of the red light to the infrared light (ratio of oxygenated
hemoglobin to deoxygenated hemoglobin) is then computed
by the processor, producing a SpO, measurement.>

Applications

Pulse oximetry has become ubiquitous in pediatrics. It is
generally found in pediatric wards, emergency departments,
and pediatric intensive care units.

In addition, pulse oximetry has been widely used in
association with respiratory illnesses, cyanosis, during
resuscitations, and as a screening tool in the emergency
department. It has also been used in the detection of pulsus
paradoxus, estimating perfusion, and for screening infants for
congenital heart disease.?¢ In adults, the limited literature
has shown that pulse oximetry can be used in patients with
pulmonary embolism and chronic diseases.***

Limitations

Pulse oximeters have several limitations (Table 1). One of
them is caused by inadequate signals, especially in cases of
anemia, dark skin, bright external light, intravenous dye, nail
polish, and low perfusion.?##45 Additionally, owing to the
sigmoidal shape of the oxyhemoglobin dissociation curve,
pulse oximetry might not detect hypoxemia in individuals with
elevated arterial oxygen tension (PaO,) levels.” Another limi-
tation of the pulse oximeter is low reading in cases of venous
pulsations such as tricuspid regurgitation, severe right heart
failure, and tourniquet or blood pressure cuff above the site
of the pulse oximeter.* Furthermore, a pulse oximeter might
provide unreliable readings (80%—85% saturation regardless
of actual saturation) in cases such as methemoglobinemia.*

Bronchiolitis and pulse oximetry

The association between oxygen saturation and respiratory
distress in young infants with respiratory infections is not
well established.** However, it has been established that the
effect of oxygen saturation on respiratory drive is inferior to
carbon dioxide concentrations in the blood.* Moreover, while
sleeping, children can have physiologic low oxygen saturation
(SpO,), especially those living at higher altitudes.”’

Table | Limitations of a pulse oximeter

Limitations Condition(s)
Inadequate signal e Anemia
e Dark skin

e Bright external light
e Intravenous dye
o Nail polish
o Low perfusion
False hypoxemia o Elevated arterial oxygen
tension (PaO,) levels
Low reading Venous pulsations such as
e Tricuspid regurgitation
e Severe right heart failure
e Tourniquet or blood pressure cuff
above the site of pulse oximeter
Unreliable readings Dyshemoglobin
e Methemoglobin
e Carboxyhemoglobin
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Although a pulse oximeter is a handy device to measure
the percentage of oxygen-bound hemoglobin in children,
it lacks precision particularly in the 76%—90% range.*®
Currently, there is no international consensus on the SpO,
levels that are required to admit or discharge the pediatric
patient with acute bronchiolitis.!®!'4-5! For instance, the
NICE and the SIGN recommend giving oxygen supplementa-
tion to children with bronchiolitis if their oxygen saturation
is persistently <92%.%-! The AAP, on the other hand, sug-
gests providing oxygen supplements to children with acute
bronchiolitis for SpO, of <90%.'"!!

Oxygen saturation measurement has become part of the
vital signs in the majority of health-care centers, and it is
usually adopted by health-care providers to lead their clini-
cal evaluation of respiratory status and their decisions about
safe discharge.’ In the recent bronchiolitis guidelines, the
AAP emphasized the importance of history and physical
examination, and otherwise recommend little testing, treat-
ment, or intervention including the use of continuous pulse
oximetry.'

Transient desaturation is a normal variant in healthy
infants. A study of 103 preterm infants born at <1,750 g
and =34 weeks postmenstrual age, and 99 healthy term
infants showed that episodes of intermittent hypoxemia
occurred in three-quarters of preterm and almost two-thirds of
term infants. The acute intermittent hypoxemia was defined
as a decrease in absolute oxygen saturation that was sustained
below 90% for =5 seconds.*

In a prospective study to assess the accuracy of pulse
oximetry in the saturation range of 65%-97%, Ross et al*®
included 225 mechanically ventilated children with an
arterial catheter. For every arterial blood gas sample, SpO,
from pulse oximetry and arterial oxygen saturations from
CO-oximetry (SaO,) were concurrently gathered if the SpO,
was =97%. The authors concluded that the accuracy of pulse
oximetry varies considerably as a function of the SpO, range.
Saturations obtained by pulse oximetry embellish SaO, from
CO-oximetry in the SpO, range of 76%-90%.

A retrospective study conducted by Schroeder et al* on
the impact of pulse oximetry and oxygen therapy on length
of stay in bronchiolitis hospitalizations showed that 26% of
children had delayed discharges from the hospital due to the
perception of oxygen requirement based on pulse oximetry
readings and not clinical findings.

A randomized, double-blind, parallel-group trial was con-
ducted in Canada from 2008 to 2013 on the effect of pulse oxi-
metry on bronchiolitis hospitalization. The study included 213
healthy infants aged 4 weeks to 1 year with mild-to-moderate

bronchiolitis and genuine oxygen saturations of 88% or higher.
The investigators deliberately increased the saturation values
by 3 percentage points above the true values in the interven-
tion group. The study concluded that among infants who are
brought to the emergency department with mild-to-moderate
bronchiolitis, infants with a deliberately augmented pulse oxi-
metry reading were less likely to be admitted within 72 hours
or to acquire health center care for more than 6 hours than
those with genuine oximetry readings.

Lowering the threshold of acceptable SpO, at discharge
could significantly decrease the length of stay for hospital-
ized infants with mild or moderate bronchiolitis. Cunning-
ham and McMurray conducted a prospective observational
study of two oxygen saturation targets (=90% and =94%)
for discharge in bronchiolitis. The study included 68 infants
with a median age of 14 weeks. The time required for infants
to achieve a stable SpO,=90% was a median of 22 hours
(interquartile range: 7—39 hours) sooner than the equivalent
for stable SpO,=94%.*

Perhaps simple interventions might ameliorate the issue.
In a recently published paper on using quality improvement
to reduce continuous pulse oximetry use in children with
wheezing, Schondelmeyer et al®* were able to decrease the
median duration on continuous pulse oximetry by 70%.
The investigators used simple steps such as education about
guidelines and acceptable goals for well-timed discontinua-
tion of continuous pulse oximetry.

In addition to its questionable use in bronchiolitis, repeated
alarms from pulse oximetry due to false measurement in an
active infant or child might lead to alarm fatigue,*® which
has been associated with dangerous safety occurrences.”’’
The Joint Commission stated in its report published in 2013
that 85%—-99% of alarm signals are attributed to technical
flaws and do not require clinical intervention. As a result,
health-care providers become insensitive or develop toler-
ance to the sounds, leading to “alarm fatigue”. As a conse-
quence, clinicians decrease the volume of the alarm or even
turn it off, which can have eventually drastic and dreadful
repercussions.®

In a 6-month pilot study, Martin et al assessed evidence-
based protocols to guide pulse oximetry and oxygen wean-
ing in inpatient children with asthma and bronchiolitis. An
interprofessional team from Cook Children’s Medical Center
in the State of Texas initially identified lack of guidelines
and deficiencies in oxygen weaning protocols for respiratory
therapists or nurses concerning the use of pulse oximetry in
young children hospitalized for asthma or bronchiolitis. The
team eventually developed evidence-based pulse oximetry
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and oxygen weaning protocols, and compared the outcomes
of small samples (n=15, n=16) of the pilot group with those
of children admitted with asthma or bronchiolitis prior to
the protocol use.

The study concluded that these protocols decreased length
of stay by 50% and shortened both the duration of oxygen
supplementation and pulse oximetry monitoring.*'

Conclusion

The introduction of pulse oximetry in clinical practice has
permitted a plain and noninvasive mode of measuring arte-
rial oxygen saturation. However, it has certain limitations.
Considering the current technological progress, randomized
controlled clinical trials on how to integrate pulse oximetry
into evidence-based diagnostic and management algorithms
in bronchiolitis are required.

Summary and recommendations

¢ Intermittent hypoxemia physiologically occurs in three-
quarters of preterm and almost two-thirds of term infants
with bronchiolitis.

e Although a pulse oximeter is a handy device to measure
the percentage of oxygen-bound hemoglobin in children,
it lacks precision, particularly in the 76%—90% range.

e The diagnostic value of pulse oximetry in assessing the
severity of bronchiolitis is questionable; hence history and
physical examination is important to delineate the correct
diagnosis and to evaluate the severity of the illness.

e Overreliance on pulse oximetry measurements may lead
to the overdiagnosis of illness severity and increased
bronchiolitis admissions.

e Repeated alarms from pulse oximetry by false measure-
ment in an active infant or child might lead to alarm
fatigue, leading to possible dreadful outcomes.

e Pulse oximetry should be used only in patients with
unstable respiratory status, and development of specific
weaning protocols may limit unnecessary admissions,
length of stay, cost, and prevent negative outcomes
associated with alarm fatigue.

Disclosure
The authors report no conflicts of interest in this work.
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