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Oxygen is a colorless, odorless, tasteless gas that is utilized by the body for respiration. Oxygen has
played a major role in respiratory care. Oxygen therapy is useful in treating hypoxemia but is often
thought of as a benign therapy. After many years of study, we have learned a great deal of the
benefits and potential risk of this powerful drug. Today oxygen gas is cheap, widely available, and
easy to administer. Oxygen delivery devices vary in cost from a few cents for a simple nasal cannula
to $25-$50 for some humidified systems. Undoubtedly, oxygen therapy is an important tool and has
saved many lives and improved others. However, oxygen therapy risk, cost, and benefits should be
considered in the same way as other drugs and titrated to a measured end point to avoid excessive
or inadequate dosing. Withholding oxygen can have a detrimental effect, yet continuing to provide
oxygen therapy when it is no longer indicated can prolong hospitalization and increase the cost of
care. This comprehensive review begins with an assessment of need and a review of physiologic
effects, potential toxicities, and common delivery devices, and it ends with advances in oxygen
therapy with a focus on the pediatric patient. Key words: oxygen delivery; oxygen therapy; oxygen;
oxygen review; pediatric; gas therapy. [Respir Care 2017;62(6):645–661. © 2017 Daedalus Enterprises]

Introduction
In 1774, Joseph Priestley of England discovered the
colorless, odorless, tasteless gas that Antoine Lavoisier
named oxygen.1 Oxygen is a highly reactive non-metallic
chemical element of atomic number 8 that readily forms
compounds, particularly oxides, with most elements. Oxygen normally exists in the atmosphere as a diatomic gas,
O2, and makes up 0.209 the earth’s atmosphere by volume
and 0.232 by weight.2 In 1907, Budin recommended ox-
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ygen “supplied through a funnel, the large opening of
which is placed beside the infant’s face” for the treatment
of cyanotic episodes in newborns. Nearly 150 years after
its discovery, Finnish pediatrician Arvo Ylppö recommended the intragastric administration of this gas to infants.4 It was not until 1934 that Dr Julius Hess, Chief of
Pediatrics at the Michael Reese Hospital in Chicago, created the first inhaled oxygen delivery device for infants
and young children.5 His “oxygen box,” which consisted
of a metal hood with a small window, was the first oxygen
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chamber used within an incubator.5 The device was criticized both for making it difficult to view the infant and for
its inability to provide high oxygen concentrations, but it
paved the way for the development of oxygen administration devices in pediatrics. By the 1940s, a commercially
available incubator capable of providing and facilitating
oxygen therapy for the treatment of cyanosis, apnea, and
periodic breathing in newborns was the standard of care.3,6
Further development and use of these delivery devices has
resulted in significant health-care benefits, including a reduction in mortality. Today the administration of oxygen
by inhalation continues to play an essential role in the
survival of infants and children.4,7
Before the 1960s and 1970s, oxygen administration was
guided by the clinical observation of skin color, as well as
the breathing frequency, regularity, and work of breathing.
It was not until the 1960s and 1970s that technology (microsampling of blood gases, transcutaneous oxygen monitoring, and later pulse oximetry) became available for
more precise monitoring of the physiologic effect.8
The overall goal of oxygen therapy is to achieve adequate oxygenation using the lowest fraction of delivered
oxygen, often referred to as FDO2. However, achieving this
goal is complicated by several factors. Despite more than
75 years of routine oxygen administration in pediatrics,
normoxia (administration that avoids the detrimental effects of hypoxia on the one hand and those caused by
hyperoxia on the other) has not yet been clearly defined,9-11
leading to wide variations in practice.12 Even the term
adequate oxygenation is not clear.13 Adequate oxygenation in the simplest terms is the balance between oxygen
delivery to the tissue and their rate of oxygen consumption. Another definition may include oxygen delivery that
allows the cells to consume oxygen for energy normally. If
adequate oxygen delivery is not provided, anaerobic metabolism and cell death occur. There are 2 components that
make up oxygen delivery: (1) oxygen-carrying capacity and
(2) perfusion. This means that someone can have adequate
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oxygen carrying capacity but low cardiac output and die from
inadequate oxygen delivery, and vice versa. Other factors that
complicate achievement of oxygen therapy goals include patient size and tolerance of delivery devices; variability in the
use of delivery devices, suggesting that clinicians often lack
adequate knowledge in the use of oxygen delivery equipment14; and the lack of training in the concepts of oxygen
delivery and equipment used to monitor the effects of oxygen
therapy.15 This review will attempt to address the benefits,
harms, and principles of oxygen therapy.
Assessment of Inadequate Oxygen Delivery
To identify a patient’s need for oxygen, several physical
signs and laboratory values can be assessed. Hypoxemia is
often diagnosed by a lower than normal PaO2, most often
considered ⬍80 mm Hg. A routinely sited indication for
providing oxygen is when PaO2 is ⬍60 mm Hg in children,
yet PaO2 alone is inadequate to determine oxygen delivery.
Oxygen delivery is determined by the concentration of
hemoglobin in the blood; its oxygen saturation; the rate of
blood circulation; and, last, the efficiency with which oxygen is unloaded from the hemoglobin to the tissues. Oxygen delivery is often expressed in the following equation:
DO2 ⫽ CO [(Hb ⫻ SaO2 ⫻ 1.34) ⫹ (PaO2 ⫻ 0.0031)],
where DO2 is the rate of oxygen delivery, Hb is the hemoglobin concentration, and SaO2 is the percentage of saturated hemoglobin with oxygen.16 The 1.34 represents the
oxygen carrying capacity of the hemoglobin. The PaO2 is
the PO2 in the arterial blood. The 0.003 is the solubility
coefficient for oxygen in blood. CO is cardiac output.
Therefore, you can see within this equation that PaO2 is
based on a relatively insignificant amount dissolved within
the blood. In a patient who is anemic or hypovolemic, has
an abnormal hemoglobin with increased affinity for oxygen, or has a low CO, his/her oxygen delivery may be
inadequate even in the presence of a normal PaO2. Inadequate oxygen delivery in this case is often referred to as
hypoxia. We will discuss hypoxia in a little more detail in
the upcoming paragraphs.
Since a PaO2 of 60 and 80 corresponds with a noninvasive SpO2 value of approximately 90 and 95%, respectively, in the patient with a normal pH, PCO2, temperature,
and diphosphoglycerate, oximetry is often use to help identify hypoxemia. Pulse oximetry has its limitations and is
known to be inaccurate in carbon monoxide poisoning,
and the oxyhemoglobin dissociation curve can shift left
(increased affinity for O2) or right (decreased affinity for
O2).17 These patient conditions need to be considered during the assessment of adequate oxygen delivery.
Underlying pathophysiologic mechanisms of hypoxemia
are: pulmonary disease, hypoventilation, uneven matching
of ventilation to perfusion, diffusion defects, intrapulmonary shunts or “right to left” cardiac shunts, or reduced
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Table 1.

Potential Causes of Hypoxemia, the Effects of Each of the
Types of Hypoxemia on the Alveolar-to-Arterial Gradient,
and the Potential Role Oxygen Therapy May Play If
Applied to the Patient

Causes of Hypoxemia
Reduced FIO2

Effects on A-a
Gradient

Hypoventilation
V̇A/Q̇ mismatch

Unchanged or
reduced
Unchanged
Increased

R-L shunt
Diffusion limitations

Increased
Increased

Effects on Oxygen
Therapy
Resolved
Alleviated
Partially alleviated
(common)
Cannot be alleviated
Alleviated (rare)

A-a ⫽ alveolar-to-arterial
V̇A/Q̇ ⫽ ventilation/perfusion ratio
R-L ⫽ right-to-left

Indications
Oxygen therapy is indicated when there is an abnormally low concentration of oxygen within the arterial blood,
otherwise known as hypoxemia. Oxygen is necessary for
adequate metabolism of carbohydrates and the production
of adenosine triphosphates. When oxygen levels do not
meet the requirements of body function, tissue hypoxia
occurs.25 This hypoxia may cause a series of undesirable
problems, such as localized vasodilation, pulmonary vasoconstriction, metabolic acidosis, tissue necrosis, an increased risk of kernicterus, and impairment of surfactant
production. Hypoxia may result in brain injury. The purpose of supplying additional oxygen is to eliminate hypoxemia that may lead to tissue hypoxia.
Contraindications

Fig. 1. Equation for oxygen delivery.

Although there are very few contraindications to oxygen therapy, in congenital heart disease patients who have
ductal-dependent lesions oxygen therapy may cause overcirculation within the pulmonary system as a potent pulmonary vasodilator. In premature neonates, lower SpO2
may be targeted to reduce the toxic effects of oxygen
therapy, such as retinopathy of prematurity or bronchopulmonary dysplasia.
Goals of Oxygen Therapy

oxygen-carrying capacity due to anemia or abnormal blood
hemoglobin.18 See Table 1 for the mechanisms leading to
hypoxemia and, more importantly, the proposed effects
that oxygen therapy will have on each type of hypoxemia.19 Physical signs, such as cyanosis, confusion, tachycardia, retractions, nasal flaring, and expiratory grunting
(infants) can be indications of an oxygen need.20-22 Hypoxia is more serious and is defined as a deficit of oxygen
at the cellular level; it is commonly caused by hypoxemia
or hypoxia due to inadequate oxygen delivery due to high
metabolic demand, such as sepsis, or cardiac performance,
such as heart failure, or localized decreases in perfusion,
such as stroke.23,24 It is often a proper assumption that if
left untreated, severe hypoxia can lead to serious and permanent brain injury and death.23 It must be emphasized
that hypoxia is determined not by PaO2 or SpO2/SaO2 alone
but also by hemoglobin, oxygen extraction, and metabolic
demand of the body as described previously. Figure 1
describes the components that make up oxygen delivery.
Since this is a review on oxygen therapy, we will be
primarily focusing on the arterial oxygen saturation or
reversing hypoxemia and secondarily the amount of oxygen dissolved in the blood. Although other factors are
important to consider when you have reversed the hypoxemia but hypoxia remains, they are outside of the scope of
this review.
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The goal of oxygen administration is to achieve adequate tissue oxygenation. The system used to provide supplemental oxygen must be appropriate to the patient’s size
and clinical condition. Selection of the oxygen delivery
device and flow is targeted to meet the specific physiologic needs and therapeutic goals of each patient.26 Unfortunately, adverse reactions from the therapeutic use of
oxygen are not well documented in pediatric patients.
Therefore, it is imperative that oxygen therapy be provided
at accurate and safe levels with the lowest possible fractional concentration of inspired oxygen (FIO2).
Physical Effects of Oxygen
Oxygen is a dry gas. Adequate humidification is required by the airway to maintain proper ciliary function,
prevent squamous epithelial changes, prevent dehydration
and thickening of secretions, minimize atelectasis and tracheitis, and prevent heat loss.27-30 Moreover, inadequate
humidification may contribute to staphylococcal sepsis due
to drying and cracking of the mucosa.31 The nasal mucosa
is designed to warm and humidify breathing gas before
entering the conducting airway and lungs.32 This is accomplished by a large surface area that interacts with inspiratory and expiratory gases. Exposing the nasopharyn-
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geal tissues to dry cool gas at greater than normal minute
ventilation stresses the upper airway. Often, children who
require oxygen therapy are experiencing respiratory distress with an increased minute ventilation and suffer from
some form of dehydration. Providing dry oxygen may treat
their hypoxemia but set them up for other complications.
Historically, in pediatrics, we have applied inexpensive
bubble humidifiers to low-flow oxygen delivery devices in
an attempt to add water content to the gas delivered. However, this may not adequately hydrate the gas. It is a standard of care in pediatrics to heat and humidify gases delivered from a mechanical ventilator.33 More recently, there
has been a growing interest in and use of high-flow nasal
cannula (HFNC) that enables the heating and humidification of oxygen through the traditional nasal cannula interface. See the included discussion on HFNC in the present
article.
There are also risks from oxygen’s potential to support
combustion, since it is an oxidizer. This was a particular
issue when we used large oxygen tents and children would
bring spark-emitting toys within the oxygen-rich environment. Today, most no longer use such devices.
Physiologic Effects of Oxygen Therapy
Despite its universal acceptance as a life-saving therapy
for children, oxygen administration is associated with numerous physiologic effects.
Reversing Hypoxemia
Whereas oxygen therapy is generally titrated to some
measure of arterial oxygenation in response to an abnormally low level of blood oxygen (hypoxemia), oxygen is
administered to reverse (return to normoxia) or prevent
hypoxia. Individual responses to oxygen therapy vary
greatly, depending on the particular cause of hypoxia and
the degree of impairment. Hypoxia caused by hypoventilation and ventilation/perfusion anomalies associated with
pulmonary disease will be most responsive to oxygen therapy. Even large increases in FIO2 will produce only small
increases in available oxygen if hypoxia is caused by cardiac
shunts, shock, or hemoglobin deficiency/dysfunction.23,24
It should be stressed, however, that even small increases in
oxygen availability may prevent life-threatening decompensation in the hypoxic child.
Permissive Hypoxemia
The American Academy of Pediatrics in 2006 first recommended a permissive hypoxemic SpO2 target ⱖ90% strategy for infants suffering from bronchiolitis34 and later reinforced this practice in their clinical practice guideline of
the diagnosis, management, and prevention of bronchioli-
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tis in 2014.35 Less aggressive management of hypoxemia
has been proposed to be safe in diseases in which the
course progression is predictable, such as bronchiolitis.
Cunningham et al36 conducted a double-blind, randomized, equivalence trial and concluded that management of
infants with a SpO2 target of ⱖ90% is as safe and clinically
effective as management with a SpO2 of ⱖ94%. The intent
is to use a lower threshold to be able to discontinue oxygen
therapy more quickly and hopefully discharge patients
sooner, reducing cost of care. However, future research
is needed to enable translation of these findings to older
children.
Another form of permissive hypoxemia used in critically ill children suggested to be lung-protective aims to
provide a patient with severe disease (often mechanically
ventilated) a level of oxygen delivery adequate to avoid
hypoxia while minimizing the detrimental effect of a toxic
level of oxygen or toxic ventilator support.37 This form of
permissive hypoxemia aims for a lower SpO2 of approximately 82– 88% and serves to balance between toxic effects of high ventilator settings and oxygen concentrations.
Permissive hypoxemia is often considered after aggressive
ventilation strategies have been explored. A Cochrane review could not confirm or disprove the benefits of permissive hypoxemia.38 Some consider the benefits received
from permissive hypoxemia as stemming from the reduction in hyperoxia.39
Duration of Hypoxemia
Recording duration of hypoxemia can be a difficult task
because many of our patients may be hypoxemic long
before we assess them. Even within our hospital environment, none of our monitors record duration of hypoxemia
(ie, minutes below low alarm over the course of a hospital
stay). Once hypoxemia is identified, we often want to
return the patient to normoxia. If the hypoxemia is sudden,
this might be the proper course of action; however, in
critical illness, a reliance on aggressively high oxygen
concentrations to maintain normoxia may risk inadvertently causing damage or impeding the adaptive response.40
Martin and Grocott39 took the traditional definition of hypoxemia a step further by proposing terms based on physiologic response to the duration of its development. The
time course of hypoxemia may influence decisions to implement a permissive hypoxemic, normoxia, or supranormal cardiac output37 (to compensate for low oxygen content) strategy. Table 2 describes the categorization proposed
by Martin and Grocott39, which we have modified for
pediatric consideration.
Oxygen Toxicity
The detrimental effects of oxygen therapy were first
recognized in the late 19th century by Paul Bert,41 using
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Table 2.

Hypoxemia Categorized by Duration

Types of
Hypoxemia

Description

Acute
Subacute
Sustained
Chronic
Generational

Rapid onset, usually ⬍6 h (eg, upper-airway obstruction)
Occurring for 6 h to 7 d (eg, pneumonia)
Occurring for 7–90 d (eg, prolonged pediatric ARDS)
Occurring for ⬎90 d (eg, CHD or BPD)
Cross-generational (eg, Tibetan highland residents)

CHD ⫽ congenital heart disease
BPD ⫽ bronchopulmonary dysplasia

hyperbaric oxygen systems. It has been known for years
that breathing an FDO2 of 1.0 for as little as 3 h can start to
cause chest pain, with longer periods leading to signs similar to bronchopneumonia. Exposure to high concentrations of oxygen first damages the capillary endothelium,
followed by interstitial edema (0 –12 h), worsening compliance and vital capacity (12–30 h), followed by thickening of the alveolar-capillary membrane (30 –72 h).20 If the
process continues, type I alveolar cells are destroyed, and
type II cells proliferate. An exudative phase follows, resulting in a low ventilation/perfusion ratio, physiologic
shunting, and worsening hypoxemia.42
FIO2 ⬎0.50 presents a significant risk of absorption atelectasis.43 Breathing high levels of oxygen quickly depletes body nitrogen levels. As blood nitrogen levels decrease, the total pressure of venous gases rapidly decreases.
Under these conditions, gases that exist at atmospheric
pressure within the alveoli rapidly diffuse into the venous
blood, and collapse occurs. The risk of absorption atelectasis may be greatest in children breathing at low tidal
volumes.
More recently, it has become clear that high concentrations of normobaric oxygen may also be harmful. As the
gas exchange interface to the body, it is logical that the
lung would have one of the greatest risks of damage. This
injury has been demonstrated in numerous studies of animals and healthy human volunteers.44 This injury has been
related to the type of injury seen in ARDS.45 The magnitude of injury appears to be directly related to the concentration of oxygen and duration of treatment.2

phase of hypoxic tissue injury and in association with
infection and inflammation.47,48 Oxygen is “toxic” because of the production of ROS; thus, oxygen administration increases oxidative stress. The biochemical basis
for the effects of hyperoxia is the formation of oxygenfree radicals. Oxygen-free radicals have one or more
unpaired electrons, a combination that makes them very
unstable.49 ROS such as hydroxyl ion and peroxynitrite
interact with lipids, DNA, and proteins via oxidative
reactions or radical-mediated mechanisms.50 These reactions trigger a host of responses ranging from modulations of cell signaling to overwhelming oxidative
injury, necrosis, or apoptosis.
Antioxidant defenses include the enzymes superoxide
dismutase, catalase, and glutathione. Nonenzymatic oxidants start to cross the placenta in late gestation and
include vitamins A, C, and E and ubiquinone. Premature infants are at particular risk from oxidative stress
because both endogenous and passively acquired exogenous antioxidant defense systems do not accelerate in maturation until late in the third trimester.47,51,52 Investigators
have attempted to reverse or prevent the damage associated with ROS not only by appropriate oxygen administration but also by administering antioxidants; however,
this therapy has not shown to be effective.53 Saugstad54
has suggested the term oxygen radical disease of neonatology to encompass a variety of newborn diseases whose
pathogenesis involves oxidative stress and injury, which
include retinopathy of prematurity, bronchopulmonary
dysplasia (BPD), necrotizing enterocolitis, and intraventricular hemorrhage. The body has many antioxidant systems to combat such an offense, but these are often defeated by high concentrations of oxygen, typically ⬎50%.
High FIO2 overpowers the antioxidant system’s capacity to
prevent or repair. It is important to note that lower
levels of FIO2 (0.25– 0.5) may do just as much damage in
patients with impaired or stressed antioxidant systems
(premature neonates, malnourishment, etc). Figure 2 describes the theoretical general risk of oxygen toxicity by
concentration and time.
Hyperoxia

Oxidative Stress
The role of oxygen and oxidative stress has generated
much interest. Oxidative stress has been defined as an
imbalance between pro- and anti-oxidant forces in the
body.46 Pro-oxidants include oxygen radicals or reactive
oxygen species (ROS), which can be cytotoxic due to their
ability to alter cellular components and function. ROS are
generated in the environment and as a result of normal
mitochondrial respiration but also during the reperfusion
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There is a growing body of literature that points to the
potential harm associated with using high concentrations
of inspired oxygen. Hyperoxia has been defined by the use
of oxygen therapy to create an PaO2 greater than normal.
Most define this as a PaO2 of 120 –150 mm Hg or higher,55,56
whereas others have assumed hyperoxia by the indiscriminate use of high oxygen concentrations for a variety of
conditions in which hypoxia is suspected (eg, trauma, chest
pain, shortness of breath).

649

PEDIATRIC OXYGEN THERAPY
the right patient may improve outcome. Further research is
needed in pediatrics to balance the other plausible effects
of high concentrations of oxygen on the overall outcome
in those with severe traumatic brain injury.

Fig. 2. Theoretical heat map of potential risk of toxicity by oxygen
concentration and exposure.

Cardiovascular System. Presumed hyperoxia associated
with routine treatment with oxygen therapy during myocardia infarct has been associated with no benefit57 and in
fact may be harmful, resulting in a greater infarct size and
increasing mortality.58 The group of Siv Fonnes59 in Denmark found subjects undergoing abdominal surgery who
were exposed to 0.8 versus 0.3 FIO2 intra-operatively and
postoperatively had an increased long-term risk of myocardial infarction and other heart disease.
In pediatrics, we often see patients with cyanotic congenital heart disease who are chronically hypoxemic and
require surgery. A cardiopulmonary bypass machine is
used to facilitate surgery. Cardiopulmonary bypass, if not
controlled, exposes patients to high levels of oxygen that
they have not experienced before. This reoxygenation injury can lead to significant organ damage, including myocardium, and trigger a systemic inflammatory response.60-63
Caputo et al64 provided direct evidence that controlling
reoxygenation in cyanotic heart disease subjects reduced
biomarkers of inflammation, stress, myocardial, cerebral,
and hepatic injury.
Central Nervous System. Central nervous system toxicity has been found in the form of seizures and usually
starts with visual changes (tunnel vision) and then progresses to tinnitus, nausea, facial twitching, dizziness, and
confusion.49 This toxicity is well-documented and has only
been found in hyperbaric oxygen therapy. To control these
adverse events, duration of hyperbaric oxygen therapy is
limited, with oxygen breaks that are strictly adhered to. An
oxygen break is defined as a decrease in the amount of
inspired oxygen, usually room air.
Normobaric hyperoxia in traumatic brain injury may be
therapeutic. Vilalta et al65 in Spain found that normobaric
hyperoxia (100% oxygen) for 2 h in subjects with high
brain lactate improved the brain’s redox state. Although no
other outcomes were studied, short courses of hyperoxia in

650

During Resuscitation. Survival to hospital discharge after in-hospital and out-of-hospital cardiac arrest remains
low.66,67 Even with the return of spontaneous circulation,
many children die in subsequent days, with death usually
attributed to neurological injury or cardiovascular dysfunction.67 Supplemental oxygen therapy remains central to
care during and following resuscitation. An association
between hypoxia and poor outcome after cardiac arrest has
long been accepted.
Infants. Concerns about potentially detrimental effects
of hyperoxia have been raised in the neonatal resuscitation
with reports demonstrating worse long-term outcomes with
higher FIO2 leading to higher SpO2 during resuscitation.68,69
The use of 100% oxygen during neonatal resuscitation has
also been challenged on the premise that large and abrupt
increases in blood oxygen levels after birth can increase
oxidative stress.54 Several studies have compared the use
of 21% with the use of 100% oxygen during resuscitation.
Three meta-analyses of these data concluded that the use
of room air during the resuscitation of depressed newborns
resulted in a significantly reduced risk of neonatal mortality.69-71 The studies found no significant difference in the
incidence of severe hypoxic encephalopathy between the
21% oxygen and 100% oxygen groups. In one small study,
the resuscitation of premature newborns with 50% versus
100% oxygen did not reduce the incidence of BPD or
improve other short-term outcomes.72 This may indicate
that the dose may be an important factor to produce improved outcomes. Related to the use of oxygen in the
delivery room for resuscitation, limited evidence suggests
that the exposure of newborns to oxygen for 3 min or
longer immediately after birth increases the risk of childhood cancer.73,74 This led the American Heart Association
to recommend beginning resuscitation with room air for
the term infant or blended oxygen for preterm infants with
subsequent titration of FIO2 to acceptable SpO2 values.75
Children. Despite guidelines that advocate maintenance
of normoxia and normoventilation after pediatric cardiac
arrest, this is uncommonly achieved in practice.76 The fact
that this is rarely achieved has limited the ability of investigators to draw conclusions. Ferguson et al77 demonstrated
that hypoxia and to a lesser extent, and hyperoxia were
associated with an increased risk of death after pediatric
ICU admission for cardiac arrest. Preclinical data suggesting potential harm with hyperoxia remain compelling despite the lack of evidence, but hypoxia also cannot be
ignored. Similarly, some adult studies link hyperoxia with
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poorer outcomes,78,79 although others refute this.80 Despite
the lack of evidence in children, the American Heart Association recommends initial resuscitation efforts with
100% oxygen followed by titration of oxygen to achieve
an SpO2 of ⱖ94%.81,82

mainstay for low FDO2. When a higher FDO2 is required,
oxygen therapy via a noninvasive or invasive ventilation is
typically the next logical step.

Oxygen Delivery Devices

Low-flow nasal cannula remains one of the most common and widely used oxygen delivery devices. This lowflow device delivers a fractional concentration of oxygen
to the patient through 2 soft prongs that rest in the patient’s
anterior nares. The cannula tubing is then attached to either a 100% oxygen source flow meter or to an air-oxygen
blender. Finer et al87 found that oxygen concentrations
delivered to the neonate via nasal cannula varied from 22
to 95% with a maximum flow of 2 L/min. The precise FIO2
actually delivered to the patient is contingent upon a number of factors, but most specifically the set flow through
the nasal cannula and its relation to the patient’s inspiratory flow demand. It is important not to occlude the
naris to allow for room air entrainment and to avoid inadvertently providing positive expiratory pressure. An inspiratory flow demand greater than that supplied by the
nasal cannula causes the exact FIO2 delivered to the patient
to be a blend of the nasally inhaled oxygen with entrained
room air through the nares and mouth.14,84,87 A nasal cannula should not be used in a patient with blocked nasal
passages. Whereas actual oxygen concentrations delivered
to the patient are variable, a nasal cannula remains a fairly
trusted and effective method of offering oxygen therapy to
the neonate.

When selecting oxygen delivery devices, it is helpful to
keep in mind the acronym AIM, which stands for assessment of patient need, identification of technological capabilities, and matching technology with need. Following is
a breakdown of the most routinely used devices in pediatric respiratory care.
Blow-by Oxygen
Blow-by oxygen delivery is the simplest and least cumbersome form of available devices to provide oxygen therapy, but it is also the least reliable at delivering a specific
FIO2. Blow-by oxygen can be achieved in numerous ways,
but it is most commonly done by means of large bore or
oxygen tubing connected to a face tent or a simple mask
that is placed a relatively short distance from, and directed
toward, the patient’s face. This type of oxygen delivery is
ideal for patients who cannot tolerate more cumbersome
oxygen delivery devices and/or require a lower concentration of oxygen. There is limited evidence that suggests that
blow-by therapy can deliver low concentrations of oxygen
(0.3– 0.4 at 10 L/min of flow) to an area large enough to
provide some level of oxygen therapy, assuming adequate
positioning of the device.83 Therefore, this type of therapy
should be reserved for those who do not require high inspired oxygen concentrations but may require short-term
or intermittent oxygen therapy.
Oxygen Hood or Tent
An oxyhood (cube) or tent is a plastic enclosure that
surrounds the head of the neonate or the body of an older
child, to which a continuous flow of humidified oxygen
is supplied by means of an air entrainment device or an
air-oxygen blender. Fixed oxygen concentrations from 22
to 80% can be maintained with a minimum of 7–10 L/min
oxygen flow into the hood and 15–30 L/min within a tent.
This minimum gas flow also ensures that exhaled carbon
dioxide is flushed out and not rebreathed. Although these
devices can theoretically deliver FIO2 ⬎ 0.5, these devices
are best suited for patients who require ⬍0.5 FIO2. Patients
requiring higher FIO2 can be managed in a hood or tent, but
it becomes increasingly difficult to maintain higher oxygen concentrations with the large neck opening and a less
than optimal seal around the edges.84-86 Neither device is
utilized frequently because nasal cannula has become the
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Low-Flow Nasal Cannula

High-Flow Nasal Cannula
Nasal cannula oxygen therapy is a staple and continues
to be redefined to improve patient comfort, compliance,
and outcomes. The concept of high flow and high humidity via a nasal cannula (high-flow nasal cannula; HFNC),
however, is an evolving concept. HFNC is a form of oxygen therapy and support used to treat hypoxemic respiratory failure. Before HFNC, most clinicians considered it
uncomfortable to use a flow of ⬎1 L/min via nasal cannula for newborns88,89 and ⬎2 L/min in older children84;
this was primarily due to the lack of adequate humidification available via nasal cannula delivery. Little consensus existed in the pediatric patient population on the parameters defining HFNC, but for our discussion, HFNC is
classified as a fixed-performance oxygen delivery system
that is capable of delivering a specific oxygen concentration at flows that meet or exceed the inspiratory flow
demand of the patient.84 This type of oxygen delivery
device is composed of traditional nasal cannula style prongs
that rest in the patient’s anterior nares and allow heated,
humidified oxygen to be delivered at flows of 2– 8 L/min
for neonates and 4 –70 L/min for children, whereas an
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Table 3.

Initial or Starting Flows of High-Flow Nasal Cannula in a
Pediatric Population by Age

Age
⬍30 d
1 month to 1 y
1–7 y
8–14 y
⬎14 y

Weight (kg)
3–5
5 to ⬍10
10 to ⬍27
20 to ⬍40
ⱖ40

Starting Flow
(L/min)
0.6
0.5
0.4
0.3
0.2

These initial flows are based on the estimated lowest inspiratory flows during mild respiratory
disease.

Fig. 3. Cross-sectional view of a patient’s upper airway. Arrows
describe the filling of the oxygen reservoir and washing out of the
extrathoracic dead space by flows that exceed patient demand.
From Reference 91.

air-oxygen blender allows FIO2 to be directly manipulated.90
As higher flows are reached, set oxygen flows exceed
demand, thus preventing the entrainment of room air, flushing dead space (Fig. 3),91 and affecting the delivery of
higher, more precise fractional inspired oxygen concentrations.
High-flow nasal cannula use has been adopted in many
institutions for its ease of use and patient tolerance but also
for its ability to provide higher oxygen concentrations and
inspiratory flows, thus providing a higher level of oxygenation support than can rarely be achieved by any of the
other devices described above. Debate is ongoing as to
whether HFNC may reduce the use of less tolerated and
more invasive ventilator support, such as CPAP and mechanical ventilation. Table 3 describes typical starting flows
as a guide when starting HFNC.22 These starting flows are
based in estimated inspiratory flows. The assumption is
based on the understanding that if you provide higher than
inspiratory flows, (1) you will prohibit room air entrainment and (2) you will exceed expiratory flows and washout dead space at the end of expiration. Certainly, more or
less can be provided based on the patient size, disease, and
needs.
Improvements in oxygenation associated with HFNC
may also be related to the creation of PEEP in certain
patient populations for a given flow. HFNC has been shown
to significantly increase esophageal pressure92,93 and pharyngeal pressure94 in neonates. Locke et al93 demonstrated
that in a group of premature infants, the amount of generated positive pressure varied not only with flow but with
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cannula size; the larger cannula size produced a mean
pressure of 9.8 cm H2O at a flow of 2 L/min. Although
HFNC use has skyrocketed particularly in infants and young
children hospitalized with bronchiolitis, evidence supporting its use is relatively lacking, as underscored in 2 Cochrane reviews.95,96 Evidence to date suggests that HFNC
is safe, with a relatively low complication rate,97 and that
it is a well-tolerated and a feasible method for delivering
oxygen to infants and young children98 with a wide variety
of respiratory distress, work of breathing, and levels of
hypoxemia. In fact, HFNC has been proposed to be more
cost-effective in the treatment of bronchiolitis than standard treatments. When using HFNC in moderate to severe
respiratory distress, about one quarter of cases will require
escalation to another form of respiratory support.99 Through
mechanisms of extrathoracic dead space washout, increasing pulmonary compliance plausibly from distending pressure or humidification, it has been suggested that HFNC
can reduce work of breathing100 and decrease the need of
escalation of therapy to CPAP or invasive ventilation.98
Oxygen Mask
Since the development of the oxygen tent, smaller versions of variable-performance oxygen delivery systems
have been developed. There are pediatric versions of simple, air-entrainment, and reservoir masks that have been
used safely for years. These oxygen delivery systems are
often selected as short-term solutions to hypoxemic events,
such as postoperative period (mostly the simple mask and
air-entrainment aerosol masks) or emergency (reservoir
mask). The air-entrainment type of devices can be coupled
with cool or heated aerosol, depending on the need.
Oxygen masks are often difficult to keep secured on
vigorous children and require the change out of systems
or adapters if a change in FDO2 is desired. In a pediatric
facility, it can be difficult to stock multiple sizes and types,
not to mention the disruption in the patient’s care. Recently, there has been an advancement in technology that
helps reduce one of these variables, FDO2. The Oxymask
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Table 4.

Types of Oxygen Delivery Device, FDO2 Capabilities, and Indications for Use
System

FDO2

Design

Indications

Comments

Low dose and patient does not
tolerate mask
Low dose

Inconsistent delivery and must
monitor SpO2
Affected by changes in inspiratory
flow
Affected by changes in inspiratory
and expiratory flow; requires
heat and humidification
Must tolerate a mask

⬍0.30

Low-flow, variable

Nasal cannula (ⱕ6 L/min)

0.25–0.40

Low-flow, variable

HFNC (1–70 L/min)

0.21–1.00

Simple mask
Partial rebreather mask

0.35–0.50
0.50–0.60

Can be high- or low-flow and
variable or fixed
Low-flow, variable
Low-flow, reservoir, variable

Non-rebreather mask

0.65–0.95

Low-flow, reservoir, fixed

Oxymask

0.24–0.90

High- and low-flow, variable
and fixed

Low to high dose

High-flow enclosure, fixed
(oxyhood)/variable (tent)
Reservoir, fixed

Low to high doses

Blow-by

Hood or Tent
Manual resuscitators

0.25–0.90 (hood)
0.25–0.50 (tent)
0.21–1.00

Mechanical ventilators

0.21–1.00

High flow, fixed

Low to high doses

Moderate dose used to
conserve oxygen
High dose

Low to high doses when
mechanical support is
required
Low to high doses when
mechanical support is
required

Tight fit required to obtain higher
concentrations and must tolerate
a mask
Requires proper positioning of the
diffuser and patient must be
able to tolerate a mask
Imprecise dosing of oxygen, heat
and humidity
May require a blender or a
reservoir to deliver required
dosing
Some subacute care and
noninvasive devices cannot
provide high-dose oxygen

HFNC ⫽ high-flow nasal cannula
FDO2 ⫽ fraction of delivered oxygen
SpO2 ⫽ oxygen saturation

(Southmedic, Barrie, Canada) has been developed as a
mask for pediatrics and adults that can deliver 0.24 – 0.9
FIO2 by the use of a diffuser that the mask serves to hold
just outside and between the nose and mouth.101-103 This
wide range of dosing allows the use of one mask for mild
to severely hypoxemic patients. See Table 4 for a breakdown of the systems available and FDO2 ranges that they
can provide.
Mechanical Ventilation
Mechanical ventilation is often used to deliver oxygen
therapy and treat moderate to severe hypoxemia. Current
clinical teaching emphasizes the avoidance of hypoxemia
during mechanical ventilation. Some of the benefits of
reversing hypoxemia may be outweighed by the harms
associated with high concentrations of oxygen while providing mechanical ventilation. However, many critically
ill patients who receive mechanical ventilation demonstrate a persistently low SpO2 despite our best efforts to
resolve it. Efforts, which include high levels of FIO2, PEEP,
and plateau pressures to restore normoxia, may be more
harmful than the acceptance of a degree of hypoxemia,
which highlights the potential clinical benefit of permissive hypoxemic mechanical ventilation strategies. But the
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balance of risk and harm at differing oxygen concentrations and mechanical ventilation support is not well defined.39 The safe lower limit of SpO2 in critical pediatric
patients is unknown. High FIO2 causes pulmonary damage,
but safety thresholds are also not known. Practitioners
who are able to reduce hypoxemia without creating hyperoxia or hyperventilation will probably have better
patient outcomes.
Monitoring of Oxygen Therapy
Following the assessment of need as previously discussed, a planned desired physiologic outcome and the
adequacy of the patient’s response to therapy should be
monitored. With this plan comes an assessment tool or
monitors of success. Most use a noninvasive monitoring
strategy like pulse oximetry or arterial blood gases for the
acid/base balance (indicator of hypoxia leading to a metabolic acidosis) or PaO2 to assist with their clinical assessment. Venous or capillary blood gases are not used to
evaluate oxygenation. Assessment frequency should be
based on the severity of hypoxemia (eg, level of FIO2 required), overall severity of illness, or variability of oxygen
delivery device.

653

PEDIATRIC OXYGEN THERAPY
Before pulse oximetry, it was a fairly easy assessment:
You were either pink or blue, which typically corresponded
with a SpO2 of around 80 – 85%. Alternatively, intermittent
invasive arterial blood samples were used to determine
pH, PaCO2, and PaO2. Second, you would also clinically
assess the patient’s work of breathing or improvement in
distress following oxygen administration. The introduction
of pulse oximetry in clinical practice has allowed for a
simple, noninvasive, and reasonably accurate estimation
of arterial oxygen saturation. Now pulse oximetry is almost exclusively used to monitor and treat hypoxemia,
no matter the environment or setting. Safe use of pulse
oximetry requires knowledge of its limitations, which include motion artifacts, poor perfusion, irregular rhythms,
ambient light, calibration assumptions, probe positioning,
built-in signal process or alarm delays, venous pulsation,
intravenous dyes, or the presence of dyshemoglobins, not
to mention that SpO2 cannot determine hyperoxia and its
associated complications. Clinically relevant principles and
inherent limitations of the method used to determine the
arterial oxygen saturation are not always understood or
considered by clinicians. If SpO2 levels are ⬎88 –90% and
the patient remains in distress, you must assess other measures of oxygen delivery despite a reassuring SpO2 level.
The potential for overtreatment of hypoxemic events is of
particular interest, since it may be associated with an increased length of stay and cost of care, but further work is
needed to determine the specific association.
The utility of continuous pulse oximetry outside of the
critical care environment and operating room has become
controversial. In 2004, Schroeder et al104 determined that
the stay for hospitalized infants with bronchiolitis may
have been prolonged by the perceived need for supplemental oxygen therapy based on oximetry readings. The
work of Schroeder et al104 and others led to the development of a wonderful publication titled Choosing Wisely in
Pediatric Hospital Medicine: Five Opportunities for Improved Healthcare Value.105 This group reached several
conclusions related to oxygen therapy and monitoring: (1)
continuous SpO2 monitoring in bronchiolitis in the acute
care environment may led to overdiagnosis of hypoxemia
and subsequent oxygen use; (2) lowering the treatment
threshold from an SpO2 of 94% to 90% saves 22 h of
hospitalization; and (3) as a child’s clinical course improves, continuous measurement of SpO2 is not routinely
needed (also the recommendation of the American Academy of Pediatrics). Since their publication, McCulloh
et al106 have conducted a randomized controlled trial examining the use of intermittent versus continuous pulse
oximetry for nonhypoxemic infants and young children
hospitalized for bronchiolitis and found that the use of
intermittent pulse oximetry did not shorten stay and was
not associated with any difference in the rate of escalation
of care or use in diagnostic or therapeutic measures. Al-
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though this did not answer the question of whether this can
be done in the hypoxemic patient treated with oxygen
therapy, it does lay the groundwork for future study.
Other Considerations
Often when oxygen is prescribed or applied in pediatrics, we rarely assess the implications of our therapies for
the caregivers outside of the clinic or hospital. It is conceivable that taking care of a complex child at home can
generate apprehension and anxiety in parents. Zanardo and
Freato7 assessed the anxiety of parents of infants with
BPD and found that those whose children were in the
oxygen-dependent group were at an increased risk to have
pre-discharge anxiety. This anxiety improves with respiratory status and subsequent cessation of oxygen therapy.
Clinicians should pay special attention to the emotional
needs of parents/caregivers of those children discharged
receiving oxygen therapy.
Home Environment
Oxygen therapy within the home environment can cause
some issues if not properly managed. Although oxygen is
neither combustible nor explosive, it does support combustion and could encourage a fire to spread more quickly,
especially in a fuel-rich environment. Fuel is considered to
be anything combustible. For example, one that we often
struggle with is the use of petroleum jelly on the lips or
nose of our patients who wear oxygen. Oil-based products
can be a fuel source and have been known to burn with
explosive violence if ignited in the presence of oxygen.
Attempts to reduce fuel stores are advisable. It is important
for those on oxygen therapy to be away from open flames
and heat sources to minimize direct interaction.
In addition to being a fire hazard, oxygen tubing can be
a trip hazard. Not only can tubing harm the individual who
trips, but it can also pull the child in the direction of the
trip and dislodge the oxygen system, creating another hazard or damaging the equipment. Oxygen systems should
be properly secured, and oxygen tubing should be off of
the floor to minimize this hazard.
Preparation of Oxygen
The 2 most commonly used methods to prepare oxygen
are fractional distillation of liquid air and the physical
separation of atmospheric air. Fractional distillation of liquid air relies on the Joule-Kelvin effect, where air is filtered, and water vapor is removed and cooled in stages
until it reaches ⫺200°C. At each stage of cooling, a liquid
is removed. For example, carbon dioxide freezes at ⫺79°C,
oxygen liquefies at ⫺183°C, and nitrogen liquefies
at ⫺196°C. At each stage of cooling, the liquid is re-
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moved. This is repeated until what remains is pure oxygen
with no toxic impurities. It is then transferred to cryogenic
storage cylinders for distribution as a liquid or conversion
to a gas following condensing and placed in high-pressure
cylinders. Liquid oxygen reservoir systems, often referred
to as bulk oxygen systems, are used for small and large
health-care facilities to provide 50-psi oxygen to the patients’ bedside. Gas supply companies also use liquid oxygen to provide oxygen gas to pressurized tanks of all
sizes.
The second method is physical separation or concentration of the oxygen. These oxygen concentrators are often
used to supply low-flow oxygen in the home environment.
There are 2 types of physical separation systems. One uses
molecular sieves compounded of inorganic sodium aluminum silicate pellets. These pellets absorb nitrogen, traces
gases, and water vapor from the air, providing ⬎90% oxygen for patient use. The second uses a vacuum to pull
ambient air through a semipermeable plastic membrane.
The membrane allows oxygen and water vapor to pass
through at a faster rate than does nitrogen. This system can
provide an oxygen mixture of approximately 40%.
Portable Options
There are several portable options for oxygen therapy. It
is important to provide portable options to patients who
require oxygen for emergency purposes but also for daily
activities of living. The therapeutic goal of oxygen therapy
is to be able to return the patient to normal activities.
Oxygen therapy should not trap a patient within the home.
There are the traditional small high-pressure cylinders that
have been successfully used for years. Tanks of oxygen
have been the most efficient portable system for pediatrics; however, they require resupplying by a medical gas
company. Small portable liquid oxygen systems have been
available for years but are the least cost-efficient system
because they require a liquid oxygen reservoir recharging
station. Additionally, the liquid oxygen system must be
allowed to expand, which wastes oxygen when not in use.
Recent advances have allowed for the miniaturization of
oxygen concentrators that can be carried around. The limitation to these devices is the battery life.
Oxygen-Conserving Devices
Oxygen-conserving devices control the flow of oxygen
from the source to the patients. Most oxygen systems deliver oxygen continuously. An oxygen-conserving device
only provides oxygen when the patient inspires, thus dramatically reducing waste while providing the same FDO2.
This allows the patient to use his or her portable oxygen
device for a longer period. Not all pediatric-size patients
can utilize these oxygen-conserving devices because they
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require a trigger to separate inspiration from expiration.
These trigger thresholds may be too difficult for smaller
pediatric patients to use, so caution must be used when
considering an oxygen-conserving device.
Future
Automation of Oxygen Delivery
As we have reviewed, oxygen therapy is the standard of
care and has saved countless lives since its discovery. We
understand the benefits and risks with oxygen therapy, but
what does the future hold? One of the vulnerabilities in
our current practice of oxygen therapy is the manual
titration/dosing. This manual titration often leads to hypoxemia or hyperoxemia. A paper by Claure et al107 shows
that, within a critical care environment with the highest
level of patient monitoring, clinicians only reach their titration goals 64% of the time. This inability to adequately
achieve oxygenation goals seems unacceptable and has led
teams to develop and study the application of automated
oxygen titration. Initially, this automation was limited to
invasive and noninvasive ventilation serving neonate108,109
and adult patients,39 but it has now progressed to other
forms of oxygen delivery.110 These devices have been able
to significantly improve SpO2 within an intended target
range while reducing the work load related to routine manual titration. This technology has the potential to improve
care delivery and efficiency; however, sadly, none are available in the United States. Further research is needed to
assess this technology in the older infant and child.
Preoxygenation for Intubation
Tracheal intubation in critical illness is associated with
severe life-threating complications often relating to hypoxemia. Preoxygenation before intubation is recommended in an attempt to reduce these complications. In
patients with severe hypoxemia requiring noninvasive ventilation or high levels of oxygen, removal of the mask for
the procedure exposes the patient to a lower FDO2, which
can lead to hypoxia. HFNC has the ability to continue
providing a high level of oxygen during the intubation.
This has led to the creation of ongoing research to evaluate
the safety and effectiveness of using HFNC to avoid a
hypoxia event in the severely ill.111,112 HFNC during intubation appears to show promise, but further research is
needed in pediatrics.
Intravenous Oxygenation
Another evolving concept is the delivery of oxygen intravenously. Kheir et al113 were able to develop an injectable foam suspension containing self-assembling, lipid-
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based microparticles encapsulating a core of pure oxygen
gas for intravenous injection. When the microparticles were
infused by intravenous injection into hypoxemic rabbits,
arterial saturations increased within seconds to nearly normal levels. This is an encouraging demonstration of hypoxemic situations, showing that animals can survive and
remain healthy after 10 –15 min of complete asphyxia.
However, before you hear “pass the IVO2,” additional
research will be needed to assess the removal of CO2, lipid
oxygen microparticle metabolism, and possible long-term
effects of infusions.
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Summary
15.

There is no doubt oxygen therapy is important and has
saved many lives. Oxygen administration should be considered in the same way as other drugs and titrated to a
measured end point to avoid excessive or inadequate dosing. Withholding oxygen can have detrimental effects; however, continuing to provide oxygen therapy when it is no
longer indicated can prolong hospitalization and increase
the cost of care. Oxygen therapy is one aspect of oxygen
delivery. One must ensure that oxygen content and cardiac
output are adequate when assessing the effectiveness of
oxygen therapy. Device selection is vitally important in
pediatrics because not only is the size of our patients a
variable, but what they will wear is an additional consideration. Oxygen therapy has several physiologic effects
and toxicities similar to those in adults. Nevertheless, there
are several differences that if neglected can lead to compromise (eg, poor perfusion, congenital heart disease, retinopathy of prematurity in the preterm) and/or brain injury.
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Discussion
Berlinski: I would just like to make
a comment and ask a couple of questions. The first thing is, in my experience, I often see that O2 is not treated
as a drug since you don’t have to remove it from an automated medication-dispensing system and you can
turn it up and down. Health-care providers make lots of changes, sometimes without consideration to other
things that you mentioned. There is
something else you mentioned that is
concerning to me, at least when it
comes to HFNC. Practitioners tend to
disregard the maximum flow recommended for a specific size cannula by
the manufacturer. Those practitioners
ignore the fact that the diameter of the
nasal prong is a determinant of the
maximal flow and that any increase
above it results in generation of back
pressure and potential accidents. That
has been very hard to drill into to people using these devices. The question
is how do you deal with feeding while
on HFNC? That’s an issue, especially
for infants and young children with
bronchiolitis. How low of a flow is
considered safe for oral feeds? At the
2016 American Thoracic Society conference, there were some animal studies suggesting that a flow as low as
4 L/min might be safe. What do others do? It’s always a discussion among
pediatricians, speech therapists, and
everybody else caring for these
patients.
Sweet: The question I didn’t get an
answer to is what are the lowest saturations that we should tolerate? For a
drop in the SaO2 by 5%, you should
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only have to increase the cardiac output by a similar amount to compensate. Patients who live with saturations
in the 80s also increase their Hb over
time. Did you find anything in the literature to support defining the lower
saturation limit for patients with acute
bronchiolitis?
Walsh: I didn’t find any evidence,
in other words a trial that actually compared that. I did find a lot of practice,
particularly around BPD and cor pulmonale; in saturations ⬍90, people
were more likely to develop cor pulmonale, but not 92. I was surprised to
see in the PALICC group1—and since
Ira [Cheifetz] was part of that group
he can maybe comment about that—I
was surprised to see them actually do
92, because to me it also should be
derived from your FIO2 requirement.
In other words, if you require 24% O2
to keep your saturation at 92 that’s
probably OK for me, but if it requires
100% O2 to keep you at 92, maybe 88
or 85 is OK. I think we have to balance that O2 toxicity effect.
Cheifetz: I will go through this issue in much more detail later, but you
are right; when you look at the PALICC recommendations1,2 for mild to
moderate lung injury, the target oxygen saturation is 92%. However, as
lung injury becomes more severe, the
recommended (by expert opinion) saturation goal does decrease based on
the perceived risks and benefits. Unfortunately, there are no definitive data
in pediatrics to provide absolute cutoffs for oxygen saturation targets regarding what is safe and what is not.
Unfortunately, except for extrapola-
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tion from some neonatal and adult data,
we are still left with expert opinion.
Stokes: One of the things I struggle
with still is that you mentioned the
toxicity of high FIO2 and when we get
into situations where we have need
for prolonged high FIO2. At some point,
very high oxygen concentrations (even
tolerating low saturations) injure the
lung beyond hope of recovery, but I
don’t believe we have good data on
either the FIO2 level or duration when
further therapy is futile.
Walsh: No, actually, one of the first
slides talked about the different types
of hypoxemia: acute, chronic, and
those types of things. I think that needs
to be well defined in studies of hypoxemia. A lot of times, acute hypoxemia where a goal of 88 is OK or 85
by expert opinion for less than a week
duration and when you’re balancing
high FIO2 values to maintain those
lower saturations. But chronically,
when it goes on for months, I wonder
if there aren’t some negative effects.
I know in adults, studies of chronic
hypoxia in the low 80s requiring O2
therapy have showed benefit of home
O2 therapy over the years. I don’t know
of anything in pediatrics, which is why
I put that table up there because I think
that’s the way we need to look at: Is it
acute or is it chronic in the particular
studies?
Panitch: Going back to your questions about lowest safe saturations, I
think you have to consider the type of
patient you’re talking about. A child
with no underlying cardiorespiratory
disease who has acute hypoxemia can
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tolerate lower saturations fairly well
for several days, whereas in an infant
with BPD, those lower saturations may
have more repercussions with regard
to pulmonary artery pressures and airway function. In the same way, when
prescribing chronic supplemental O2
therapy, we know that episodic hypoxemia in infants with BPD can result in poor growth, and we have to
consider that in terms of lowest safe
saturations as well. Some people wean
children from supplemental O2 using
a gradual reduction in flow, whereas
others might choose gradually increasing blocks of time off supplemental
O2. When we talk about chronic O2
therapy, is there a better strategy for
withdrawal?
Walsh: That’s one of the things I’m
a little worried about with HFNC: that
I’m going to stand here 10 years from
now and do another one of these lectures, and we find that HFNC actually
lengthens the stay. Because right now
I think people don’t know how to wean
it, which gets back to Ariel’s [Berlinski] comment of how do you escalate
but also how do you de-escalate this
therapy? Some people have no rhyme
or reason: “Oh, I do 1 L per day.”
Well, if you stretch that out for 16 L,
that’s 16 d before you’d actually come
off. Or when is it OK to go to 5 L and
go off to simple O2 and those types of
things. I didn’t find anything in the
literature, unfortunately, about how to
escalate or de-escalate. I also think escalation is important because I would
like us to potentially go to positivepressure ventilation when we get into
the higher levels of FIO2 versus just
sitting there on 80% O2 on HFNC just
because we can. I think that may be
OK for the short term, but I worry that
we’ll get into trouble if we then intubate someone. We’ve had some negative events in which they were on
high FIO2 and HFNC, and then you do
a rapid sequence intubation and they
fall apart and even arrest because you
can’t preoxygenate them and you can’t
ventilate them any better than what
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they’re doing on their own with a high
level of O2. So that becomes problematic. When it comes to reduction, particularly in the neonatal world, they
tend to be a little more methodical in
clinic; come in and wean and do trials. I did see one study where they did
a 30 min trial off oxygen to determine
if their SpO2 would drop below 92%
with activity. If it didn’t go below 92
they kept them off O2 and followed
up with them a week later to make
sure that was OK. I’m getting into big
data as well, but one of the things I’m
also very interested in is monitoring
at home. In other words, if you make
a decision like that in clinic, can you
actually have a pulse oximeter that can
send you that data over the next week
so they don’t have to come back in if
everything looks good? If you get no
note, if you will, from the system and
you assume everything is great. That’s
an evolving process right now with
wearables and things like that that I
think is exciting, at least for adults.
This technology hasn’t quite gotten to
pediatrics yet, but hopefully it will
come down to us.
Cheifetz: I am sorry if this question
overlaps with a previous one. You presented excellent data on bronchiolitis
and how pulse oximetry is associated
with an increased stay. Similarly, I believe we have a subset of patients with
bronchiolitis who are managed with
HFNC and may not actually need it.
Although there are no definitive data,
it is likely that we are keeping some
of these infants in the ICU and, potentially, the hospital longer than necessary. Furthermore, I wonder if our
general weaning strategies for HFNC,
even in those who do benefit from
this approach, are too slow (sometimes
painfully slow!), again increasing
length of ICU and/or hospital stay. We
need more data to better guide our
management approaches. Do you have
thoughts or comments?
Walsh: I agree. It is painfully slow a
lot of times because I think we aren’t

sure of what we’re doing. I think there
are also some additional benefits that
are outside O2 therapy. Humidification is one of those benefits; we call
our hospitals a healing environment,
but it host the driest air. Patients on
simple O2, even though we put those
bubble humidifiers in line, they add
absolutely no humidity to the gas
stream. Not only that; they’re dehydrated because they stopped eating
before they were admitted for their
respiratory illness. So they’re dehydrated, and we give them dry gas and
those types of things. With HFNC, I’m
trying to maintain equipoise that it may
actually be beneficial from the humidity perspective. Also efficiency, so
dead space washout may actually help
them get over their illness, but I’m
very concerned about weaning and that
we just don’t know how fast we can
go. Or when we need to escalate.
Cheifetz: I want to come back to Ariel’s first point, because I believe you
were let off the hook much too quickly
when he asked about your thoughts
on feeding and HFNC. Kyle [Rehder]
and I looked at each other during those
comments because this is a big issue
for us at Duke. What insight do you
have in terms of feeding during HFNC
therapy, especially in the infant population? Any guidelines and/or suggestions you could offer?
Walsh: I wish I did, but I don’t. A
couple things I didn’t have time to
show were measured pressures, particularly in the ears, from complications that people have been concerned
that HFNC is too loud and too much
pressure. What they’re finding out is
that the pressure is pretty low, even at
the higher flows and even in infants.
Or equivocal to low levels of CPAP.
So what I tell people is, if in your
practice in your institution you let infants feed while on CPAP, then you
can probably let them feed on HFNC.
If you do not on one then you probably should not on the other, because
your stance that you’ve taken is that
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even at low levels of pressure, you
don’t feel comfortable feeding. I’ve
heard that other places use breathing
frequency, so if they’re too tachypneic
even on HFNC, you wouldn’t do it,
but if you were able to normalize their
breathing frequency or get it in a zone
in which you were feel comfortable
feeding someone, then maintain it and
feed them.

associated with that. When you’re talking about higher flow, I think that,
depending on the delivery device, you
have to look at the fact that some of
the devices have pop-offs, and there
are no audible alarms to indicate that
the pop-off has occurred, so sometimes
we don’t even know what flow is being delivered to the patient. Could you
comment on that?

Rehder: Just to add to that, I think
there are 2 questions that frequently
arise: When is it safe for oral feeding?
And when is it safe for enteral feeding
through a gastric tube? Post-pyloric
feeding is likely yet another different
scenario as to when it’s safe to feed at
a given flow.

Walsh: Yes, the systems are different, and I think that’s something we
have to consider as a profession of
where we need that additional monitoring. Some systems have pop-offs,
and some have higher pop-offs that
you almost never exceed unless it gets
pinched in a bedrail. Some have audible alarms where if it gets disconnected or pinched, it will alarm. Same
thing with water levels and all these
things. Some systems say it’s simple
O2 and they stick to that. I am not
sure which is the right answer, but I
do worry that if you’re using this as
respiratory support above simple O2,
then it needs to be monitored like that.
There are lots of different ways we
can do it in the future; we are geniuses
when it comes to monitoring patients,
so we can hook up pressure monitors
and those types of things to do that.
One other comment about flow and
prong size; it’s another thing that’s
hotly debated. Some people feel that
you should almost occlude the nares,
and some think you should not. Obviously, the more you occlude the nares, the more nasopharyngeal pressure

Walsh: Certainly, a lot of people
feed through a nasogastric tube on
CPAP and even fairly high levels of
CPAP. And post-pyloric too, some
people do that. We’re a big believer
of that in our pediatric ICU at least.
Bolus feeding versus continuous, all
of those things are up for debate when
it comes to feeding on CPAP or HFNC.
It’s a complex issue.
Fedor: A couple points about flow
that you discussed, I wondered if you
would comment on those. You talked
about high flow versus low flow, and
I think those of us who use HFNC
know that when you get down to certain low flow, we experience a lot more
rainout in the system, and then the
patient can have complications that are

you can provide to the patient but
maybe less dead space washout if you
think about your Venturi-type effects
where you’re pulling in more clean
air without CO2. Lower flow is something we need to think about and when
we transition back to simple O2. Like
I said earlier, I worry that it may
lengthen stay. I understand that the
practical therapist who’s out there
thinks we’ve already paid for the device and there’s no harm and if anything it’s probably good humidity being provided even at those lower flows;
why not leave them on until they’re
ready to come off? But if you’re having
complications like rainout and spitting
or it hinders them and it keeps them in
their room—in other words, they can’t
get out and move around—then I think
we should switch back to simple O2.
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