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Summary

Oxygen therapy is one of the most important therapeutics offered in the clinical management of

pediatric patients with cardiopulmonary disease. As the medical community seeks to ensure evi-

dence-based management of clinical interventions, we conducted a systematic review with the

goal of providing evidence-based clinical practice guidelines to answer questions surrounding the

use of simple oxygen therapy to improve oxygenation, including a comparison of delivery devi-

ces, the efficacy of humidification, comparison of flows, and goals for use in children. Using a

modification of the RAND/UCLA Appropriateness Method, we developed 4 recommendations to

assist clinicians in the utilization of oxygen therapy in hospitalized children: (1) the use of an ox-

ygen hood or tent in lieu of a low-flow oxygen device for consistent oxygen delivery is not recom-

mended; (2) the use of high-flow nasal cannula therapy is safe and more effective than low-flow

oxygen to treat infants with moderate to severe bronchiolitis; (3) the application of humidifica-

tion with low-flow oxygen delivery is not recommended; (4) targeting SpO2
90–97% for infants

and children with bronchiolitis is recommended; however, no specific target can be recom-

mended for pediatric patients with respiratory diseases outside of bronchiolitis, and establishing

a patient/disease oxygen therapy target upon admission is considered best practice. Key words:
oxygen; pediatric; child; infant. [Respir Care 2021;66(7):1214–1223. © 2021 Daedalus Enterprises]

Introduction

Oxygen is one of the most commonly delivered medica-

tions to children for the treatment of hypoxemia caused by

many acute conditions such as lower respiratory tract infec-

tions, sepsis, or shock. Oxygen is widely considered to have

many benefits and is applied liberally in clinical practice

because it is inexpensive and because of the fear of long-

term brain injury, including developmental and behavioral

conditions, due to chronic and intermittent hypoxemia.1,2

Oxygen therapy does, however, have consequences of over-

use and hyperoxia, such as oxygen toxicity and absorption

atelectasis.3-5 The delivery of oxygen in pediatric patients

requires appropriate selection of the delivery device, concen-

tration, and flow for the most effective therapy to avoid both

hypoxia and hyperoxia.6,7

The World Health Organization recommends oxygen

delivery for SpO2
< 90% for children with signs of respiratory
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distress.8 The American Heart Association’s 2020 Pediatric

Advance Life Support Guidelines state oxygen should be

administered and weaned to achieve SpO2
between 94% and

99%.9 The liberal use of oxygen in pediatric emergencies is

not often questioned, but choosing parameters for treatment

and establishing therapeutic goals remain highly variable.

Therefore, we set out to develop evidence-based guidelines to

help clinicians provide the best treatment of hypoxemia while

limiting the adverse effects of oxygen therapy.

We conducted a systematic review of peer-reviewed lit-

erature to develop clinical practice guidelines to answer

pressing questions in the management of pediatric patients

with oxygen in the acute care setting. The following ques-

tions were developed to guide the systematic review:

1. In hospitalized pediatric patients, does the use of oxy-

gen tents and hoods versus low-flow oxygen systems

(nasal cannula, simple face mask) provide a more con-

sistent oxygen delivery?

2. In hospitalized pediatric patients, does the use of high-flow

oxygen systems versus low-flow oxygen systems increase

the delivered fractional oxygen percentage or decrease esca-

lation of therapy (noninvasive ventilation or intubation)?

3. In hospitalized pediatric patients, does adding humidifica-

tion to supplemental oxygen as compared to no humidifi-

cation improve comfort or reduce infection risk?

4. In hospitalized pediatric patients, does establishing dis-

ease-specific oxygenation targets reduce oxygen use,

decrease the length of stay, or prevent escalation of

therapy as compared to prescribed or no disease-spe-

cific oxygen targets?

Committee Composition

The committee for this endeavor was selected by the

American Association for Respiratory Care (AARC) lead-

ership on the basis of their known experience related to the

topic, their interest in participating in the project, and their

commitment to the process details. The committee first met

face-to-face, where they were introduced to the process of

developing clinical practice guidelines. At that time, the

committee selected a chair and wrote a first draft of Patient,

Intervention, Comparison, Outcome (PICO) questions.

Subsequent meetings occurred as needed by conference

call. Frequent e-mail communications occurred among

committee members and AARC staff. The committee

members received no remuneration for their participation

in the process, though their expenses for the face-to-face

meeting were reimbursed by the AARC.

Search Strategy

A literature search was conducted using the PubMed,

CINAHL via EBSCOhost, and Scopus.com databases for

studies on oxygen therapy in pediatric patients. The search

strategies used a combination of relevant controlled vo-

cabulary (ie, Medical Subject Headings and CINAHL

Headings) and key word variations that were related to oxygen

therapy, oxygenation techniques, pediatrics, and outcomes.

The searches were limited to English-language studies about

human populations published after 1986. The searches were

also designed to filter out citations indexed as commentaries,

editorials, interviews, news, or reviews. No date restrictions

were applied to the searches, except for the cutoff to exclude

studies published prior to 1987. Refer to the online supple-

mental material for the complete search strategy executed in

each database on January 10, 2020 (available at http://www.

rcjournal.com). Cited reference searching was completed for

all included studies as well as for studies that were topically

relevant but excluded based on study design. Duplicate cita-

tions were identified and removed using the EndNote X8

citation management software (Clarivate, Philadelphia,

Pennsylvania).

Study Selection

Two reviewers independently assessed study eligibility

with the Covidence systematic review software (Covidence,

Melbourne, Australia). Inclusion criteria used to assess
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eligibility were oxygen therapy; pediatric population, includ-

ing neonates, infants, and children; and clinical outcomes.

Exclusion criteria were not oxygen therapy; adult population;

preterm newborn; no clinical outcomes relevant to oxygen

therapy; not empirical research (eg, theory, opinion, or

review articles); and published prior to 1987.

Development of Recommendations

A modification of the RAND/UCLA Appropriateness

Method10 was used to combine the best available evidence

with the collective experience of committee members. The

literature was condensed into evidence tables according to

PICO question (Table 1). Individual panel members were

assigned the task of writing a systematic review of the

topic, drafting $ 1 recommendation, and suggesting the

level of evidence supporting the recommendation:

Level A: Convincing scientific evidence based on

randomized controlled trials of sufficient rigor.

Level B: Weaker scientific evidence based on lower lev-

els of evidence such as cohort studies, retrospective studies,

case-control studies, and cross-sectional studies.

Level C: Collective experience of the committee.

Committee members reviewed the first draft of evidence

tables, systematic reviews, recommendations, and evidence

levels. Each committee member rated each recommenda-

tion using a Likert scale from 1 to 9, with 1 meaning

expected harms greatly outweigh the expected benefits and

9 meaning expected benefits greatly outweigh the expected

harms. The ratings were returned to the committee chair.

The first ratings were done with no interaction among com-

mittee members. A conference call was convened, during

which the individual committee ratings were discussed.

Particular attention was given to any outlier scores and the

justification. Recommendations and evidence levels were

revised with input from the committee members. After dis-

cussing each PICO question, committee members re-rated

each recommendation. The final median and range of com-

mittee members’ scores are reported (Table 2). Strong

agreement required that all committee members rank the

recommendation as 7 or higher, whereas weak agreement

meant that $ 1 committee member ranked the recommen-

dation below 7, but the median vote was at least 7. For rec-

ommendations with weak agreement, the percentage of

committee members who rated at 7 or above was calculated

and reported after each weak recommendation. Figure 1

illustrates the process flow used by the panel to rate the

appropriateness and quality of the literature selected

through the search process.

Drafts of the report were distributed among committee

members in several iterations. When all committee mem-

bers were satisfied, the document was submitted for publi-

cation. The report was subjected to peer review before the

final publication.

Assessment and Recommendations

The search strategies retrieved a total of 3,312 articles.

The team also identified 1,413 articles through the cited

references of articles assessed for full-text eligibility and 1

relevant article through other methods. After removal of

duplicates, 4,116 articles remained for screening. In the title

and abstract screening phase, 3,950 articles were excluded.

Of the remaining 166 articles, 153 were excluded following

full-text review against the inclusion and exclusion crite-

ria (Fig. 2). Search results were assessed according to

PRISMA guidelines (www.prisma-statement.org. Accessed
May 10, 2021).

Oxygen Tents and Hoods Versus Low-Flow Oxygen

Systems

Oxygen can be delivered to hospitalized pediatric

patients in a variety of ways. Most pediatric patients receive

supplemental oxygen via low-flow nasal cannula devices or

via simple face mask. The inspired oxygen provided to the

patient is dependent upon gas flow, the patient’s inspiratory

demand, and the diameter of the nares. A simple face mask

may deliver more inspired oxygen to the pediatric patient,

but the mask is harder to secure to the patient’s face, and it

is imperative that a minimum flow is used to flush exhaled

carbon dioxide.6

Historically, hospitalized pediatric patients received

oxygen via humidified tent or hood. The oxygen tent,

also called a mist tent or croup tent, consists of clear

plastic sheeting that hangs over the patient’s hospital

bed. The tent allows for an input of cool, humidified oxy-

gen from high-pressure gas sources. Popular for its abil-

ity to allow the child movement within the tent in the

hospital bed, there are many disadvantages to this

method of oxygen delivery: the maximum FIO2
achieved

is around 0.4 and is dependent upon how well the tent is

secured around the patient and bed; children could bring

spark-emitting toys within the tent environment, which

could support combustion; and the plastic could be a

source of suffocation. In addition, these large tents are

difficult to set up and maintain, as microbial contamina-

tion is likely.6,23-25

Oxygen hoods consist of a collapsible plastic cube

that surrounds the head of the infant. Both devices func-

tion in the same way and may theoretically deliver an

FIO2
up to 1.0 with appropriate gas flow, and both devi-

ces require a minimum gas flow to flush exhaled carbon

dioxide from the device. Similar to the tent, the efficacy

of oxygen delivery with this device is dependent upon

the seal of the device around the patient’s head. The

larger the unsealed area, the less likely the target will be

reached.23
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Mist tents, smaller oxygen tents, and oxygen hoods

are all subject to lower delivered FIO2
due to structural

issues with creating a sealed environment. Though

there are limitations to achieving consistent oxygen

delivery with low-flow devices such as the nasal can-

nula and simple face mask, there is a lack of evidence

comparing the consistency of oxygen delivery between

the oxygen hood, oxygen tent, and low-flow devices.

As such, the committee does not recommend using an

oxygen hood or tent in lieu of a low-flow oxygen de-

vice for consistent oxygen delivery (Evidence level C,

median appropriateness score 8).

High-Flow Oxygen Versus Low-Flow Oxygen

The use of high-flow nasal cannula (HFNC) systems

to provide respiratory support to children has increased

over the past decade. These systems have the potential

to provide washout of the nasopharyngeal dead space;

decrease inspiratory resistance; improve airways con-

ductance and pulmonary compliance; and decrease

metabolic work by providing heated and humidified

gas.26 Finally, the generation of positive pressure is a

more controversial mechanism. Although these sys-

tems were initially used in pediatric ICU settings, they

have transitioned to the acute care setting. Few studies

have compared the use of low-flow and HFNC systems

for the treatment of respiratory conditions in infants

and children. One of the challenges in analyzing the

published data is the variable definition of HFNC

among publications. Another limitation is that, with

few exceptions, most studies are retrospective and

have a small sample size. Another confounder is that

all of the reported studies included infants diagnosed

with either moderate or severe bronchiolitis.

Therefore, it is not completely clear whether the bene-

fits of HFNC arise from improved oxygenation only or

by also providing more robust ventilatory support.

Franklin et al14 reported a multi-center, randomized

controlled clinical trial comparing low-flow oxygen

(up to 2 L/min) and HFNC (2 L/kg/min) to treat 1,472

infants < 12 months old admitted to the pediatric ward

with a diagnosis of bronchiolitis who needed supple-

mental oxygen therapy. This is the largest reported

study to date comparing low-flow and HFNC thera-

pies. The primary outcome was a need for escalation

of care defined as the presence of 3 of 4 criteria (ie,

unchanged or elevated heart rate and breathing fre-

quency, hypoxemia at 2 L/min or 40% with HFNC,

triggering of early warning tool). Subjects assigned to

treatment with HFNC had a lower rate of escalation of

care than those on the low-flow oxygen arm (12% vs

23%).14 A large percentage of subjects (61%) whoT
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failed low-flow oxygen responded to HFNC. Hospital

length of stay, duration of oxygen therapy, and incidence of

pneumothorax (0.1%) were similar between groups.14

Ergul et al13 reported a randomized trial comparing an

oxygen mask (n ¼ 30 subjects) to HFNC (n ¼ 30 subjects)

in the treatment of infants 1–24 months old admitted to a

pediatric ICU with a diagnosis of moderate to severe bron-

chiolitis. Subjects in the HFNC group required almost 50%

less time on supplemental oxygen support, did not experi-

ence treatment failure (ie, escalation of care, lack of

improvement in heart rate and breathing frequency, and

persistent hypoxemia), and had shorter pediatric ICU and

hospital stays than subjects in oxygen mask group.13 Uygur

et al18 reported a prospective clinical trial in children 3–36

months old admitted to a pediatric ward with hypoxe-

mic acute lower respiratory infection. The subjects were

randomized to simple mask (n¼ 32 subjects) or air entrain-

ment mask (n ¼ 33 subjects). Although both groups

improved, those in the air-entrainment mask group had a

greater reduction in breathing frequency at 24 h than those

in the simple mask group. In addition, subjects treated with

the air entrainment mask had a 50% reduction in the dura-

tion of time requiring supplemental oxygen.18

In a nonformally randomized clinical trial, Milani et al17

compared the use of HFNC (where n ¼ 20 subjects) versus

low-flow oxygen (no upper limit defined; n ¼ 20 subjects)

to treat infants < 12 months old admitted to a pediatric

ward with a diagnosis of moderate to severe bronchiolitis

who needed supplemental oxygen therapy. Those receiving

HFNC experienced a faster reduction in breathing fre-

quency, regained their ability to feed faster, and required

less time on supplemental oxygen and shorter hospitaliza-

tion than those receiving low-flow oxygen. None of the

subjects required pediatric ICU admission.17

Mayfield et al15 conducted a pilot study to compare use

of HFNC (2 L/kg/min) (n ¼ 61 subjects) with low-flow ox-

ygen (n ¼ 31 subjects) in infants < 12 months old admitted

to a pediatric ward with a diagnosis of bronchiolitis who

needed supplemental oxygen therapy. Subjects were en-

rolled in this HFNC pilot study, and the low-flow group

was retrospectively identified. Subjects in the HFNC group

were less likely to require transfer to pediatric ICU (13% vs

Table 2. Summary of Recommendations for Each PICO Question

1. In hospitalized pediatric patients, does the use of oxygen tents and hoods vs low-flow oxygen systems (eg, nasal cannula, simple face mask) provide a

more consistent oxygen delivery?

The committee does not recommend using an oxygen hood or tent in lieu of a low-flow oxygen device for consistent oxygen delivery (Evidence level

C, median appropriateness score 8).

2. In hospitalized pediatric patients, does the use of high-flow oxygen systems vs low-flow oxygen systems increase the FDO2
or decrease escalation of

therapy (noninvasive ventilation or intubation)?

The use of HFNC appears to be safe and more effective than low-flow oxygen to treat infants with moderate to severe bronchiolitis in the pediatric

ward and pediatric ICU settings (Evidence level B, median appropriateness score 7.5).

3. In hospitalized pediatric patients, does adding active or passive humidification to supplemental oxygen as compared to no humidification improve

comfort or reduce infection risk?

Low level of evidence does not support the use of heated or non-heated humidification with low-flow oxygen delivery (Evidence level B, median

appropriateness score 8.25).

4. In hospitalized pediatric patients, does establishing disease-specific oxygenation targets reduce oxygen use, decrease length of stay, or prevent escala-

tion of therapy as compared to prescribed or no disease-specific oxygen targets?

In hospitalized pediatric patients suffering from bronchiolitis, evidence supports an oxygenation target of 90% or greater (Evidence level C, median

appropriateness score 7).

In hospitalized pediatric patients suffering from respiratory diseases outside of bronchiolitis, establishing a patient/disease oxygen therapy target upon

admission is best practice, but a specific target cannot be recommended (Evidence level C, median appropriateness score 7).

PICO ¼ Patient, Intervention, Comparison, Outcome

FDO2
¼ delivered fractional oxygen percentage

HFNC ¼ high-flow nasal cannula

Panel rates quality of
recommendations

(round 1: independent)

Panel rates quality of studies and 
recommendations

(round 2: panel meeting)

Panel re-evaluates and rates
quality of recommendations 

Median and range of scores reported 
with strong or weak agreement

Recommendations finalized with final
draft of manuscript

Fig. 1. A flow diagram outlining the process used by the committee
to appraise the literature.
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30%).15 The authors reported that a lack of decrease in

breathing frequency and heart rate at the first hour of

HFNC was associated with treatment failure. Length of

hospital stay was similar between groups.15

Daverio et al12 retrospectively reviewed their 5-y experi-

ence using a 2-tiered HFNC (2 L/kg/min) protocol in 211

infants< 12 months old who were admitted to the pediatric

ward of a tertiary care hospital with a diagnosis of bron-

chiolitis. The authors used a standardized score to decide

the type of respiratory support (low-flow vs HFNC). Most

subjects (83%) were started on low-flow oxygen (< 2

L/min), but 41% of them required the use of rescue

HFNC.12 These subjects had shorter duration of illness,

lower body weight Z-score, and lower SpO2
on arrival; these

subjects also received more epinephrine treatments and

were more likely to have cardiac comorbidity than those

who did not need escalation. Air leaks were reported in

1.9% of subjects receiving HFNC. Transfer to pediatric

ICU was low for both groups (5% and 3% for low-flow and

HFNC groups, respectively).12

McKiernan et al16 retrospectively reviewed intubation

rates in infants < 24 months of age admitted to a pediatric

ICU with a diagnosis of bronchiolitis. The authors

compared 2 treatment periods: before (n ¼ 57 subjects) and

after (n ¼ 58 subjects) use of HFNC for treatment of bron-

chiolitis. They reported a 68% reduction in intubation rate

after HFNC, and the reduction remained statistically signif-

icant after adjusting for age, weight, and respiratory syncy-

tial virus status.16 Similar to Mayfield et al,15 McKiernan

et al16 reported that infants who did not reduce their breath-

ing frequency after starting HFNC therapy were more likely

to be intubated.

Baudin et al11 retrospectively reviewed the safety of

using HFNC in pediatric patients admitted to a pediatric

ICU in a tertiary care hospital. The authors reviewed 177

episodes corresponding to 145 subjects (median [interquar-

tile range] 8 [2–28] months) over a 1-y data period.11 The

system was used for de-escalation of support (36% and

18% after extubation and NIV, respectively) and as primary

support (31%).11 The maximum flow used was < 2

L/kg/min, and a 22% failure rate was reported. The authors

reported a low rate of complications (1.0% and 0.6% for

pneumothorax and epistaxis, respectively).11

In summary, the use of HFNC (# 2 L/kg/min) appears to

be safe and more effective than low-flow oxygen (< 2

L/min) to treat infants with moderate to severe bronchiolitis

Records identified through
cited references

1,413

Records screened
4,116

Records identified through
database searching

3,312

Studies identified through
other methods

1

Duplicates removed: 610

Titles/abstracts: 2,539
References: 1,411

Full-text articles assessed
for eligibility

166

Studies included in
synthesis

13

Excluded
3,950

Study design: 41
Wrong outcomes: 32
Preterm newborn: 28
Wrong intervention: 15
Does not address PICO
questions: 16
Wrong patient population: 8
Wrong setting: 5
Adult population: 3
Wrong indication: 3
Published in 1987 or earlier: 2

Excluded
153

Fig. 2. Flow chart.
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in the pediatric ward and the pediatric ICU settings

(Evidence level B, median appropriateness score 7.5).

Humidification of Oxygen

The use of humidification for low-flow oxygen therapy

is a common practice with little evidence to support its use

or to indicate that it is harmful. Complications of dry oxygen

delivery have been linked to the use of high-flow oxygen

delivery and are perceived to be present with lower severity

with low-flow oxygen delivery. There are 2 options for

humidification of low flow oxygen. The first and most com-

mon is unheated humidification, also referred to as bubble or

pass-over, and the second is heated and humidified humidifi-

cation via an active humidification device.

The evidence to support the use of humidification of any

kind versus dry delivery of low-flow oxygen delivery to

impact comfort or infection risk is scant. Three studies to

date have investigated this comparison. Scolnik et al21

concentrated on the croup population in the emergency

department and performed a single-blinded, randomized

controlled trial to deliver 3 levels of humidity for 30 min in

the emergency department. The 3 groups were blow-by

therapy, controlled 40% humidity, and controlled 100% hu-

midity, all delivered with 40% oxygen, and pre- and post-

assessment was conducted with the Westley Croup Score.

The results showed that there was no significant difference

in the Westley score or any of the secondary outcomes of

vital signs and hospitalization rate with either level of hu-

midity, which did not support the use of humidification in

the emergency department for the treatment of croup.21 The

HHOT AIR study by Chen et al19 was a prospective,

randomized pilot study comparing dry versus heated and

humidified low-flow oxygen defined as < 4 L/min in

children < 24 months of age with mild to moderate bron-

chiolitis admitted to the general pediatric ward. Patients

who required oxygen therapy were randomized to the

control or to heat and humidification for oxygen deliv-

ery. The respiratory distress assessment instrument

(RDAI) was used to score comfort and distress to com-

pare for each group. Although the investigators saw a

quicker change in the RDAI over time (1 h vs 12 h), there

was not a significant difference in the score when com-

paring the 2 groups at the same timeframes. Although

there was a trend in a quicker improvement of RDAI

over time with the heated and humidified oxygen group,

this did not show a significant difference in length of

stay or vital signs. This may be a result of small sample

size; however, these findings do not support the use of

heated and humidified oxygen over dry gas for the treat-

ment of bronchiolitis. Lorente Sánchez et al also investi-

gated the use of humidification of low-flow oxygen

therapy in children with mild to moderate bronchiolitis

admitted to the general pediatric ward in a pre-post

interventional trial.20 The authors used unheated humidi-

fication and compared the number of nasal lavages pre-

and post-universal use of a bubbler humidifier and

changes in bronchiolitis score, vital signs, and hospital

length of stay.20 There was not a statistical difference in

any outcome measure, indicating that the use of unheated

humidification was not beneficial.

In summary, low level of evidence does not support the

use of heated or unheated humidification with low-flow ox-

ygen delivery (Evidence level B, median appropriateness

score 8.25). More robust research is needed to make a clear

determination.

Oxygenation Targets

Normoxia, or a pulse oximetry reading of 94% or higher,

is often the recommended target for oxygen therapy in chil-

dren. There are several clinical practice guidelines that rec-

ommend pulse oximetry targets by disease, yet practice and

even recommendations vary between national guidelines.

Current oximetry target recommendations for children with

pneumonia are > 92% and > 90% for asthma if using the

2007 NHLBI National Asthma Education and Prevention

Program, or 94–98% if using the revised 2019 British guide-

line on the management of asthma.27-29 We identified only

one category of respiratory disease in which there was

enough evidence of specific oxygen targets in the pediatric

population. This respiratory disease was acute lower respira-

tory tract infection, often referred to as bronchiolitis.

Lower respiratory tract infections account for about

128,000 hospitalizations of children < 2 y old each year in

the United States at an estimated cost of $1.73 billion,

which is an estimated 30% increase over the 9 y studied.30

While trends in hospitalization for lower respiratory tract

infections have decreased from 17.9 to 14.9 per 1,000 per-

sons from 2000 to 2009, there was a 34% increase in admis-

sions of children with high-risk medical conditions and a

21% increase in use of mechanical ventilation.30 The

American Academy of Pediatrics and the World Health

Organization both recommend permissive hypoxemia of an

oxygen saturation of 90% for children with lower respira-

tory tract infections, largely on the basis of expert opinion

and consideration of resource-limited areas as there was not

a high level of evidence presented in their publications.31,32

Since the publication of those national clinical practice

guidelines on the management of bronchiolitis, there has

been one double-blind, randomized, equivalence trial using

2 oximetry targets (< 90% modified vs < 94% standard)

for oxygen therapy.22 Cunningham et al22 reported that the

modified target of $ 90% is as safe and clinically effective

as the standard practice of $ 94%. Additionally, they

observed a significantly lower time to fit to discharge (44.2

vs 30.2 h, P < .001), time to actual discharge (50.9 vs 40.9

h, P ¼ .003), and time to no further supplemental oxygen
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(27.6 vs 5.7 h, P ¼ .002) in the modified oxygen saturation

group.22 This was all accomplished without any differences

in adverse events and safety outcomes.

In hospitalized pediatric patients with bronchiolitis, evi-

dence supports an oxygenation target of $ 90% (Evidence

level C, median appropriateness score 7). However, in hos-

pitalized pediatric patients with respiratory diseases other

than bronchiolitis, establishing a patient/disease oxygen

therapy target upon admission is best practice, but a spe-

cific target cannot be recommended (Evidence level C, me-

dian appropriateness score 7).

Summary

The results of this systematic review are summarized

in Table 1. Disappointingly, the evidence available to an-

swer the PICO questions is minimal. The recommendations

in Table 2 are based on low levels of evidence and strongly

reflect committee experience. The PICO questions were

developed from the aspects of oxygen use that were per-

ceived to have the highest variability in clinical practice

and the greatest chance of reducing the efficiencies in care

of pediatric patients. The result of this evidence-based

review have identified more needs for future research than

evidence-based recommendations for clinical practice. The

lack of evidence to support the consistency of oxygen deliv-

ery via oxygen tents and hoods over the use of low-flow ox-

ygen devices is overwhelmed by the potential risks.

The use of HFNC (# 2 L/kg/min) appears to be safe and

more effective than low-flow oxygen (< 2 L/min) to treat

infants with moderate to severe bronchiolitis in the pediat-

ric ward and pediatric ICU settings. Practitioners need to

use appropriately sized cannulas that block around 50% of

naris openings. Larger sizes increase the risk of inadver-

tently creating PEEP and pressure ulcers. Also, the cannu-

las should not exceed the manufacturers’ recommended

maximum flow. Exceeding these flows results in the build-

up of back pressure. It is important to understand the role of

HFNC in pediatric oxygenation and to be mindful of its

limitations. Protocols that include indications, contraindica-

tions, escalation, and de-escalation of care, scheduled mon-

itoring of occurrence of pressure ulcers, recommendations

for obtaining a blood gas, and transfer to pediatric ICU if

used in the ward should be used. Monitoring adverse events

that occur during the use of HFNC should be included in

the protocols. In addition, when HFNC is used in pediatric

wards, patients should be monitored with continuous pulse

oximetry, and staff need to be appropriately trained to use

the devices and to recognize complications. Although stud-

ies done in conditions other than bronchiolitis are lacking,

these systems are used in clinical practice. This is an area

that needs further study. In the meantime, if used, careful

monitoring is of the utmost importance.

There are few investigations into the benefit of adding

humidification (heated or unheated) for low-flow oxygen

delivery. None of the studies identified showed a difference in

the defined outcomes. From these results, the committee can-

not recommend the routine use of humidification for low-flow

oxygen delivery. There is a need for research into the short-

and long-term outcomes for each type of humidification.

Titration of oxygen to a therapeutic goal in the treatment

of hypoxemia would appear to be a best practice within many

of the disease-specific clinical practice guidelines today, but,

apart from bronchiolitis, this practice has not been evaluated

scientifically. In hospitalized patients with bronchiolitis, tar-

geting a lower-than-normal oxygen saturation results in less

time receiving oxygen therapy and earlier discharge. In hospi-

talized pediatric patients with bronchiolitis, evidence supports

an oxygenation saturation target of 90–98%. While expert

clinicians recommend therapeutic oxygenation targets for re-

spiratory diseases, we could find little evidence that these

targets are correct. In hospitalized pediatric patients with re-

spiratory diseases other than bronchiolitis, establishing a

patient/disease oxygen therapy target upon admission is best

practice, but a specific target cannot be recommended.
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