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Noninvasive Ventilation and 
Acute Respiratory Failure

For a long time, endotracheal intubation with invasive mechanical ventila-
tion was the only tool available for children with acute respiratory failure. The 
decision used to be to intubate or not to intubate. The advent of new tools, such 
as noninvasive ventilation, has provided an incredible resource for avoiding 
intubation and its complications. Noninvasive ventilation allows patients to 
maintain their own airway clearance (decreasing ventilator-associated pneu-
monia rates) and often decreases the need for patient sedation. The authors 
review noninvasive ventilation indications, contraindications, and the grow-
ing body of literature that supports its use in a variety of clinical scenarios.

— Ann M. Dietrich, MD, FAAP, FACEP

Acute respiratory failure, one of the most common medical emergencies 
encountered by pediatric providers, is defined as failure of adequate gas 
exchange demonstrated either by PaO2 < 60 mmHg, PaCO2 > 50 mmHg, 
or both.

Until recently, endotracheal intubation with invasive mechanical ven-
tilation (IMV) has been nearly the only management tool available for 
acute respiratory failure. However, in recent years, noninvasive ventilation 
(NIV) has gained significant attention as an alternative to IMV.1-4 Its util-
ity in treating adult respiratory failure, particularly in the management of 
chronic obstructive pulmonary disease and cardiogenic pulmonary edema, 
is well established.2,5-10 The evidence supporting NIV use in pediatric 
populations is less robust, but a growing body of literature supports its use 
in certain clinical settings.11

Considering risks and benefits, there are several theoretic advantages of 
NIV over IMV. In addition to avoiding the upper airway trauma associ-
ated with endotracheal intubation, NIV allows patients to maintain their 
own airway clearance (decreasing ventilator-associated pneumonia rates) 
and often decreases the need for patient sedation.11,12 Additionally, NIV 
devices are easier to apply or remove and carry far fewer complications 
when accidentally displaced. 

NIV is not without any risks, however. (See Table 1.) Like IMV, NIV can 
lead to barotrauma and possible pneumothorax.13 It also leaves an unse-
cured airway and has an increased risk of aspiration compared to IMV 
if the patient’s mental status does not allow for adequate airway clear-
ance.14 Difficulty fitting NIV devices to achieve an adequate seal is not 
uncommon, leading to tissue injuries when the fit is too tight and air leaks 
when the fit is too loose.15,16 Further, like IMV, the positive intrathoracic 
pressure produced by NIV can lead to hypotension and hemodynamic 
instability due to decreased cardiac preload with hyper-expanded lungs 
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EXECUTIVE SUMMARY
 z In addition to avoiding upper airway trauma associated with 

endotracheal intubation, noninvasive ventilation (NIV) allows 
patients to maintain their own airway clearance and often 
decreases the need for patient sedation. NIV devices are easier 
to apply or remove and carry fewer complications when 
accidentally displaced.

 z The positive intrathoracic pressure produced by NIV can 
lead to hypotension and hemodynamic instability due to 
decreased cardiac preload with hyper-expanded lungs and 
positive intrathoracic pressures, although these risks have 
been shown to be less severe with NIV when compared to 
invasive mechanical ventilation.

 z Conditions in which improved oxygenation is the primary 
goal and in which the patient’s degree of respiratory distress 
is less severe may respond well to continuous positive airway 
pressure (CPAP) alone.

 z By convention, both CPAP and the expiratory positive airway 
pressure setting of bi-level positive airway pressure (which 
both provide positive end-expiratory pressure [PEEP]) 
generally are started at 5 cm H2O. This is estimated to be the 
baseline PEEP in healthy lungs.

 z Identifying patients who likely will deteriorate on noninvasive 
therapy is crucial to avoid delays to intubation. The available 
pediatric literature suggests several predictors of NIV failure: 
high severity of illness at presentation as indicated by the 
Pediatric Risk of Mortality score, individual physiologic 
markers including high FiO2 requirements and high PaCO2 on 
admission, inability to wean FiO2 and absence of improvement 
after 1-2 hours of therapy, and underlying etiology of 
respiratory compromise (acute respiratory distress syndrome, 
sepsis, oncologic processes, and immune deficiencies).

and positive intrathoracic pressures, 
although these risks have been shown 
to be less severe with NIV when 
compared to IMV.17

Mechanism
NIV provides support through 

several mechanisms. (See Table 2.) 
Positive pressure helps maintain 
airway patency and allows improved 
exhalation in patients with lower 
airway obstructive processes (e.g., 
asthma, bronchiolitis) and decreased 
work of breathing in patients with 
dynamic upper airway obstruc-
tion (e.g., laryngomalacia).11,18-25 
Additionally, NIV aids in alveolar 
recruitment through the addition 
of positive end-expiratory pres-
sure (PEEP), thus assisting with 
oxygenation and decreasing V-Q 
mismatch.11,25,26 Inspiratory positive 
pressure also decreases the force that 
respiratory muscles must generate 
during inhalation, decreasing total 
energy expenditure.11,25,26 In short, in 
select pediatric patients, NIV has the 
potential to improve gas exchange 
and decrease work of breathing in 
respiratory failure, thus forestalling 
or even entirely preventing the dete-
rioration into respiratory arrest.

Mode
NIV can be employed through a 

variety of methods, which range from 
high flow nasal cannula (HFNC) to 
noninvasive positive pressure ven-
tilation (NIPPV) controlled by a 

ventilator. All will provide the same 
overall mechanics but with varying 
degrees of control and efficacy.

High Flow Nasal Cannula
HFNC has been investigated as 

an alternative to continuous posi-
tive airway pressure (CPAP). The 
exact definition of HFNC remains 
somewhat nebulous, but generally 

it is used to refer to flow rates at or 
above 1-2 L/minute of oxygen that 
is warmed, blended, and humidified. 
Heating and humidifying oxygen 
replaces some of the physiologic role 
of the upper airway and is believed 
to reduce energy expenditure. Studies 
in preterm infants and neonates have 
found that HFNC can deliver posi-
tive pressures in the range typically 

Table 1. Potential Complications  
of Noninvasive Venitilation

• Aspiration

• Air leaks

• Tissue breakdown/irritation

• Hemodynamic instability

• Nasal dryness/irritation

• Eye irritation

Source: Author created.

Table 2. Mechanisms of Respiratory Support Provided  
by Noninvasive Ventilation

• Maintain airway patency (decreased work of breathing, eased exhalation)

• Assists alveolar recruitment (improved oxygenation, decreased V/Q 
mismatch)

• Reduce work of breathing (decreased oxygen demand, decreased energy 
expenditure)

Source: Author created.
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administered via CPAP and can 
have similar physiologic benefits to 
CPAP.27,28

Further advantages of HFNC 
include its relative ease of initiation, 
without requiring use of a ventilator. 
However, the exact pressure sup-
port delivered to the patient cannot 
be measured directly, offering less 
control over the level of respiratory 
support. Higher flow rates also con-
vey a risk of mucosal damage, airway 
desiccation and bleeding, and exces-
sive nasopharyngeal airway pressures. 
These risks can be somewhat mini-
mized by ensuring an adequate air 
leak around the nasal cannula. Lastly, 
studies demonstrating its efficacy in 
older children are lacking.27,28

Continuous Positive Airway 
Pressure

CPAP delivers a constant level 
of pressure support throughout the 
respiratory cycle via a ventilator. 
Consequently, CPAP offers the func-
tional equivalent of PEEP, aiding in 
alveolar recruitment, oxygenation, 
and V-Q mismatch.11,16,19

Bi-level Positive Airway Pressure
Alternatively, bi-level positive 

airway pressure (BiPAP) provides 
two different levels of pressure, 

which vary during different phases 
of respiration. The higher pressure is 
administered during inspiration and 
is called inspiratory positive airway 
pressure (IPAP). The lower pressure, 
delivered during exhalation, is called 
expiratory positive airway pressure 
(EPAP). By setting two pressure 
modes, BiPAP allows for respira-
tory support both by creating PEEP 
(through EPAP) and by assisting 
respiratory effort by creating a driv-
ing pressure (the difference between 
EPAP and IPAP) with each breath. 
BiPAP may be synchronized, with 
each driving pressure administered 
with the patient’s own spontaneous 
effort, or unsynchronized, with a 
fixed back-up respiratory rate if the 
patient does not initiate a minimum 
number of spontaneous breaths per 
minute.11,16,19

Selection of CPAP vs. BiPAP 
should take into consideration the 
patient’s full clinical picture, includ-
ing the underlying condition, cur-
rent respiratory status, and ability 
to tolerate the selected mode of 
ventilation. Conditions in which 
improved oxygenation is the pri-
mary goal and in which the patient’s 
degree of respiratory distress is less 
severe may respond well to CPAP 
alone. Further, the lower continuous 

pressure provided by CPAP may be 
easier for some patients to toler-
ate. In contrast, some patients find 
the dual pressure of BiPAP easier to 
tolerate, as it more closely mimics a 
physiologic respiratory cycle despite 
its higher peak pressures. BiPAP also 
confers a greater degree of respira-
tory support than CPAP and may be 
more appropriate for those with more 
severe distress.

Interface Choice
If the decision is made to initi-

ate CPAP or BiPAP, the next step 
is selection of the interface. These 
devices can include nasal prong 
devices, nasal masks, full-face masks, 
and helmets. (See Table 3.)

Nasal Prongs
Nasal prongs, which are most 

often used in infants, are small and 
relatively easy to place. The shorter 
pronged cannulas are similar to a typ-
ical nasal cannula but with a larger 
gauge to allow for more flow. They 
fit snugly into the anterior nares but 
often can leak if not held in place. 
Other HFNC have longer prongs 
that must be placed in the posterior 
nares similar to a nasal trumpet. Both 
types must be monitored closely to 
ensure they do not cause pressure 

Table 3. Interface Advantages and Disadvantages

Interface Type Advantages Disadvantages

Nasal Prongs • Small, less invasive

• Easy to apply

• Generally well-tolerated

• Risk of air leaks through mouth

• Risk of intranasal pressure injuries

Nasal Mask • Generally well-tolerated

• Small and less invasive than full face 
mask

• Risk of air leaks through mouth

• Risk of facial tissue injury

Full-face Mask • High degree of control

• Less risk of air leaks

• May cause agitation, often poorly 
tolerated

• Risk of facial tissue injury

Helmet • Air leaks unlikely

• No direct skin contact

• Large, cumbersome

• Limited availability

• May lead to CO2 rebreathing

Source: Author created.



120    Pediatric Emergency Medicine Reports / September 2016  AHCMedia.com

sores and erosion of the nares or 
septum. Additionally, if the patient 
opens his or her mouth, an air leak is 
created via the mouth, and the posi-
tive pressure delivery to the airways 
and lungs is lost. Pacifiers and chin-
straps are sometimes used in infants 
to help with this problem.16,29,30

Nasal Masks
Nasal masks, like nasal prongs, are 

less cumbersome and obtrusive than 
full-face masks and often are toler-
ated better. They avoid the risk of 
erosion to the internal nose and nares 
caused by nasal prongs but still can 
result in pressure sores to the face if 
not fitted and adjusted properly. Like 
nasal prongs, if patients open their 
mouths during speech or sleep, posi-
tive pressure ventilation is lost.16,29,30

Full-face Masks
Full-face masks, which cover both 

the nose and mouth, provide more 
consistent control over the pressure 
delivered. They administer positive 
pressure ventilation regardless of the 
position of the patient’s mouth and 
provide a complete seal to prevent 
leaks. However, many patients, espe-
cially younger children and infants, 
develop agitation with full-face 
masks, and some patients may experi-
ence a sensation of claustrophobia. 
Anxiolysis or mild sedation or disso-
ciation may help the patient cooper-
ate better.16,29,30

Helmets
Helmets also deliver pressure sup-

port reliably, avoid the risk of pres-
sure injuries, and tend to be well 
tolerated.31 These devices are large 
and often cumbersome to use and 
may predispose to CO2 rebreathing.31 
Additionally, they tend to have lim-
ited availability.

Ultimately, the device chosen 
requires consideration of the indi-
vidual patient’s needs as well as the 
availability at each institution. Most 
facilities carry a limited range of 
equipment types and sizes. Using an 
inappropriately fitted device should 
be avoided, as it can lead to increased 
complications such as pressure sores 
from over-tightening an ill-fitting 
mask and air leaks from poor fit and 
seal.

Initial Settings
By convention, both CPAP and the 

EPAP setting of BiPAP (which both 
provide PEEP) generally are started 
at 5 cm H2O.16 This is estimated 
to be the baseline PEEP in healthy 
lungs. However, the underlying 
respiratory disorder and oxygenation 
status of the patient must be consid-
ered when choosing these settings.16 
Initial IPAP levels often range from 
8-10 cm H2O.33

Patient tolerance, hemodynamic 
status, oxygen status, tidal volumes, 
and mean airway pressures must be 
monitored immediately after initia-
tion of NIPPV. Adjustments in pres-
sure often are made in increments 
of 2 cm H2O at a time. When using 
BiPAP, IPAP should be titrated to a 
target tidal volume of 6 to 8 mL/kg. 
If the patient’s FiO2 level cannot be 
weaned to appropriate levels, EPAP or 
CPAP likely will need to be increased, 
and transition to IMV should be con-
sidered.16,33 (See Figure 1.)

Initial settings up to EPAP/CPAP 
of 10 cm H2O are believed to be safe 
in pediatric populations, and IPAP 
settings of up to 20 cm H2O are gen-
erally accepted.16,34 Inspiratory levels 
above this should be employed with 
caution, as nasal and facial masks 
may lose their seal, air leaks may 
form, and barotrauma is more likely. 
High pressures also can overcome 
lower esophageal sphincter tone, 
insufflating the stomach, and increas-
ing the risk of aspiration.

Acclimatization of 
Pediatric Patients to NIV

A unique challenge faced when 
initiating NIV in pediatric patients 
is acclimatizing the patient to the 
therapy. Many adults poorly toler-
ate positive pressure ventilation and 
the associated interfaces, which may 
be augmented further in younger 
patients. In general, adolescent and 
older pediatric patients tend to 
tolerate NIV better than younger 
patients, although many preterm 
and younger infants also do well. In 
patients old enough and alert enough 
to understand their circumstances, 
it is important to provide as much 
orientation and hands-on modeling 
to NIV as is feasible. It may be help-
ful to begin with low pressures and 

gradual increases so that patients can 
adjust to the sensation of breath-
ing with positive pressure. When 
possible, providing a trial of differ-
ent interfaces can increase toler-
ance based on patient preferences. 
Intermittent changes of the delivery 
interface also may help patients tol-
erate ongoing therapy.16

Indications for Initiation  
of NIV 

As previously discussed, although 
there is abundant evidence dem-
onstrating the benefits of NIV use 
in adult patients, the literature is 
limited for pediatric populations. 
The majority of pediatric research 
involves case series with relatively 
few randomized, controlled trials. 
One notable prospective random-
ized, controlled trial, published by 
Yanez et al in 2008, found NIPPV 
used for treatment of acute respira-
tory failure reduced intubation rates 
and improved physiologic markers of 
respiratory distress.23

It is best to start NIV in patients 
who have underlying disease pro-
cesses that are likely to reverse with 
its use. Existing evidence suggests 
that NIV can reduce intubation 
rates and improve respiratory sta-
tus in cases of both hypoxemic and 
hypercapneic respiratory failure.26 
Table 4 provides a list of conditions 
and circumstances that current evi-
dence suggests are responsive to NIV 
use.19,21-24,35-55

In the setting of lower airway 
obstruction, such as bronchiolitis 
and asthma, EPAP helps maintain 
lower airway patency, thus help-
ing decrease lung hyperinflation 
and auto-PEEP. Additionally, IPAP 
provides respiratory muscle support 
and decreases work of breathing. 
Conversely, patients with dynamic 
upper airway obstruction, such as 
croup and laryngo/tracheomalacia, 
may benefit from upper airway stent-
ing provided via CPAP or IPAP. In 
parenchymal lung disease, EPAP aids 
alveolar recruitment and, therefore, 
assists with oxygenation, while IPAP 
again appears to improve the work of 
breathing.19 

Chronic neuromuscular disor-
ders represent a common group of 
diseases among pediatric patients 
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Figure 1. Steps to Initiation of Noninvasive Ventilation

Source: Author created.

Select HFNC or NIPPV

HFNC

Set FiO2 and O2 
flow rate

Reassess patient

Adjust FiO2 and 
flow rate

Consider NIPPV or 
IMV if inadequate 

response

NIPPV

Select CPAP or 
BiPAP

Nasal prongs

Nasal mask

Face mask

Select interface

CPAP

Select starting 
pressure and FiO2

Reassess patient

Adjust FiO2 and 
pressure by 2 cm 

H2O intervals

Consider IMV 
if inadequate 

response

BiPAP

Select starting 
EPAP, IPAP, FiO2, 
and respiratory 

rate

Reassess patient

Adjust FiO2 and 
pressures by 2 cm 

H2O intervals

Consider IMV 
if inadequate 

response

BiPAP: bi-level positive airway pressure; CPAP: continuous positive airway pressure; EPAP: expiratory positive airway pressure; HFNC: high flow nasal 
cannula; IMV: invasive mechanical ventilation; IPAP: inspiratory positive airway pressure; NIPPV: noninvasive positive pressure ventilation.
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in which NIV is applied routinely. 
In this population, muscular weak-
ness of both the upper and lower 
respiratory muscles is the primary 
mechanism of respiratory failure. As 
such, positive pressure administered 
via IPAP serves to support the lower 
respiratory muscles, while EPAP or 
CPAP can help maintain patency of 
the upper airway in the setting of 
obstructive sleep apnea.35

In apnea of prematurity, NIV 
offers similar support to those con-
ditions previously discussed via 
offloading the work of lower respi-
ratory muscles, stenting upper and 
lower airways, and alveolar recruit-
ment. In this condition, however, 
NIV is theorized also to stimulate an 
augmented inspiratory reflex (inspi-
ratory effort triggered by inflation of 
the lung), which helps to establish 
a functional residual capacity and 
maintain alveolar patency. Such an 
effect is not seen in term infants or 
older patients. However, patients 
with apnea must be monitored 
closely after initiation of noninvasive 
respiratory support to ensure the 
apnea appropriately resolves. If these 
patients continue to have persistent 
apneic episodes, transition to IMV 
should be considered.36

Conversely, there is minimal 
research into the use of NIV in the 
setting of trauma. To date, the exist-
ing evidence in adult literature sug-
gests that there may be some utility 
to NIV in the setting of blunt chest 
trauma (e.g., flail chest, pulmonary 
contusion). In these conditions, posi-
tive pressure is believed to minimize 
alveolar collapse and ease work of 
breathing. However, clinical judg-
ment remains paramount in the con-
text of trauma, and NIV should not 
be used in patients with altered men-
tal status, aspiration risk, or facial 
trauma.53-55

Research also has found that the 
use of NIV following extubation 
may reduce rates of re-intubation 
in pediatric populations, and it also 
may be used to optimize respira-
tory and oxygenation status prior to 
intubation.19,46,58

Contraindications
NIV requires patients to be able 

to cooperate with machine-delivered 

breaths and is contraindicated in 
patients with altered mental status. 
Additionally, NIV is not appropriate 
in patients for whom a secure airway 
is indicated or those who have a risk 
of airway loss (e.g., expanding neck 
hematoma; epiglottitis). Further 
contraindications to NIV use include 
hemodynamic instability, facial 
trauma (which may limit ability to 
fit masks), poor secretion clearance, 
vomiting, and upper GI bleeds.56 (See 
Table 5.)

Patient selection also should take 
into account the availability of the 

necessary supplies and in the appro-
priate sizes, the ability of the patient 
to tolerate treatment, and the avail-
ability of appropriate support staff 
(nurses and respiratory therapists) 
with the capability to manage pedi-
atric NIV. 

Predictors of Failure
Identifying patients who likely will 

deteriorate on noninvasive therapy is 
crucial to avoid delays to intubation. 
The available pediatric literature sug-
gests several predictors of NIV failure. 
(See Table 6.) One such predictor is 

Table 5. Absolute Contraindications  
to Noninvasive Ventilation

• Impaired level of consciousness 

• Impending airway loss

• Inability to tolerate/cooperate 

• Hemodynamic instability

• Facial trauma, deformity, or surgery

• Vomiting

• Upper gastrointestinal bleeds

Source: Author created.

Table 4. Conditions with Possible Benefit  
from Noninvasive Ventilation

• Apnea of prematurity

• Respiratory distress syndrome

• Asthma

• Bronchiolitis

• Dynamic upper airway obstruction

• Pneumonia

• Acute respiratory distress syndrome

• Cystic fibrosis

• Acute chest crisis

• Patients with underlying neuromuscular disorder 

• Diaphragm paralysis

• Interstitial edema

• Blunt chest trauma

• Post-extubation failure

Source: Author created.
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high severity of illness at presenta-
tion as indicated by the Pediatric Risk 
of Mortality score.19,43,57,58 Individual 
physiologic markers that have been 
found to be predictors of failure 
include high FiO2 requirements and 
high PaCO2 on admission.19,43,50,58 
Inability to wean FiO2 and absence 
of improvement after 1-2 hours of 
therapy also may predict failure.47,57,60,61 
Lastly, the underlying etiology of respi-
ratory compromise is an important 
factor. Patients with underlying acute 
respiratory distress syndrome, sepsis, 
oncologic processes, and immune defi-
ciencies have been found to have high 
failure rates on NIV.47,59

Signs of NIV Failure
After NIV has been initiated, the 

patient must be reassessed continu-
ally for evidence of improved respira-
tory status vs. signs of therapy failure. 

Each patient requires individualized 
evaluation of his or her own clinical 
circumstances and underlying pathol-
ogy. As such, multiple variables 
should be considered when assessing 
the success or failure of NIV use. 
Signs of NIV failure may include 
persistent tachypnea or respiratory 
distress, inability to wean FiO2 (with 
target < 0.6), or persistently elevated 
FiO2 of > 60 mmHg. (See Table 7.) 
Other physiologic markers of NIV 
failure may include persistent tachy-
cardia or hypertension. Additionally, 
clinical tolerance of NIV should be 
monitored. Patient agitation also 
suggests a need for escalation of 
therapy.62,63

Conclusion
NIV increasingly is used by 

both adult and pediatric providers. 
Although the advantages of NIV 

in certain populations are clear, 
appropriate patient selection and 
understanding of the risks and ben-
efits of noninvasive techniques are 
paramount to their successful imple-
mentation. Further investigation is 
needed to adequately delineate the 
appropriate use of NIV in pediatric 
populations. Nevertheless, NIV con-
tinues to develop as a valuable tool in 
the management of acute and pend-
ing respiratory failure in pediatric 
patients. 
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CME/CE Questions

1. An 11-year-old male patient 
involved in a multiple vehicle col-
lision on the highway arrives in 
the emergency department. He has 
evidence of multiple blunt injuries 
including multiple nasal and cheek 
fractures, fractures to his upper 
extremities, and a large contusion 
of his right chest wall. He is alert, 
following commands, and answer-
ing questions. There is no evidence 
of neck trauma, and he is protecting 
his airway. His oxygen saturation is 
83%, and his breathing is labored. 
After 15 minutes, his respiratory 
rate increases and oxygen saturation 
begins to drop despite supplemen-
tal oxygen. It is determined that 
he should receive positive pressure 
ventilation. Which of the following 
is true regarding the selection for 
positive pressure support?
a. The patient is a good candi-

date for noninvasive ventilation 
(NIV) because he is old enough 
to cooperate with the modality.

b. The patient is a good candidate 
for NIV because his airway is 
intact and he has no altered 
mental status.

c. The patient is not a good can-
didate for NIV because he has 
facial injuries.

d. The patient is not a good can-
didate for NIV because NIV 
should never be used in trauma 
patients.

2. A neonate recently born at 31 
weeks’ estimated gestational age is 
found to be experiencing apneic 
episodes. The patient is otherwise 
doing well and had a relatively 
uneventful delivery. Which of the 
following statements is true regard-
ing a possible decision to use high 
flow nasal cannula (HFNC) in this 
patient?
a. HFNC may provide pressure 

support levels similar to con-
tinuous positive airway pressure 
(CPAP) but exact pressure levels 
cannot be directly measured.

b. In preterm infants, HFNC 
offers similar support to bilevel 
positive airway pressure (BiPAP) 
and can be used to replace the 

support provided via BiPAP 
without use of a ventilator.

c. In order to appropriately fit a 
nasal cannula using high flow, 
the cannula should be fit snug-
gly into the nares to avoid air 
leak and loss of pressure.

d. The patient is having apneic 
episodes and requires invasive 
mechanical ventilation for ade-
quate respiratory support. High 
flow nasal cannula should not be 
used in this setting.

3. A 17-year-old female patient has 
been receiving BiPAP therapy 
for three hours for treatment of 
bilateral multilobar pneumonia. 
Currently, expiratory positive air-
way pressure (EPAP) is set at 12 
cm H2O and inspiratory positive 
airway pressure (IPAP) is set at 25 
cm H2O. Both settings have been 
increased repeatedly since initiat-
ing therapy. The patient has been 
receiving 100% FiO2 continuously 
and has an oxygen saturation of 
82%, which has not improved since 
starting therapy. Her respiratory 
rate is 25 and heart rate is 105. Her 
work of breathing has improved, 
but she continues have moderate 
respiratory distress. She is sleeping 
but arouses and is cooperative with 
the device. Which of the following 
statements is true?
a. The patient continues to have 

inadequate oxygenation. Her 
EPAP should be increased by 2 
mm H2O.

b. The patient continues to have 
inadequate oxygenation and 

inability to wean her FiO2. 
Transition to invasive mechani-
cal ventilation (IMV) should be 
considered.

c. The patient continues to have 
increased work of breathing. 
Her IPAP setting should be 
increased by 2 mm H2O.

d. The patient is too somnolent 
to be continued on noninvasive 
therapy. She should be transi-
tioned to IMV.

4. An 8-year-old boy with asthma 
arrives in the emergency depart-
ment after several hours of 
respiratory distress at home after 
attending a birthday party at a 
local petting zoo. His parents have 
administered several albuterol treat-
ments without improvement. After 
initial medical therapy in the emer-
gency department is administered, 
the patient’s work of breathing has 
not improved and his PaCO2 was 
55 on a recent arterial blood gas 
with oxygen saturations of 92%. 
He is alert and cooperative. He is 
thought to be a good candidate for 
a trial of NIV. Which of the fol-
lowing statements about interface 
selection is true?
a. Since they tend to be tolerated 

well, nasal prongs would be 
preferable regardless of fit.

b. Despite patient preference, a 
full-face mask is best to use vs. a 
nasal mask because it will avoid 
loss of pressure through an open 
mouth.

c. If no pediatric masks are avail-
able, an adult mask should be 
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used by tightening the straps 
enough to avoid air leaks.

d. Use of an improperly fit device 
may lead to increased complica-
tions, such as tissue injury, and 
should be avoided.

5. A 16-year-old female was admit-
ted to the ICU with severe sepsis 
that is believed to be due to a 
recent soft tissue infection. She has 
become increasingly tachypneic and 
tachycardic. She appears fatigued. 
Recent arterial blood gas reveals 
a PaCO2 of 55 and was 35 at the 
time of admission. She remains 
alert and oriented and is following 
commands. Which of the following 
factors present in this patient is a 
predictor of possible failure of NIV 
therapy?
a. Hypercapnea 
b. Presence of tachypnea
c. Mental status
d. Underlying etiology

6. Which of the following is an 
acceptable use of NIV?
a. Upper gastrointestinal bleed
b. Impaired level of consciousness
c. Presence of acute respiratory 

distress syndrome
d. Impending airway loss

7. When introducing NIV to a pedi-
atric patient, which of the following 
is least likely to help tolerance of 
therapy?
a. Not allowing trials of different 

available interfaces
b. Gradually increasing the pres-

sure settings
c. Practicing hands-on modeling
d. Switching to smaller or larger 

device sizes according patient 
preference

8. A 17-year-old male with sickle cell 
anemia presents to the emergency 
department with cough, difficulty 
breathing, chest pain, and fever. 
He is found to have acute chest 
syndrome and a decision is made 
to initiate NIV. Which of the fol-
lowing statements regarding advan-
tages of NIV over IMV is true?
a. Noninvasive ventilation is less 

likely to cause tissue injury than 
IMV.

b. Noninvasive ventilation provides 
a more secure airway than IMV.

c. Unlike IMV, NIV allows for 
normal airway clearance.

d. Unlike IMV, NIV does not 
cause worsening hypotension 
in patients with hemodynamic 
instability.

9. A 13-year-old female patient with 
severe pneumonia was placed in 
BiPAP 20 minutes ago. Initial 
BiPAP settings were set at a rate of 
16, EPAP of 5 cm H2O, IPAP of 
10 cm H2O with FiO2 of 100%. On 
reassessment, her work of breath-
ing has improved and PaCO2 has 
dropped from 65 to 45, but her 
oxygen saturation is unchanged 
at 93%. Which of the following 
is the appropriate next step in 
management?
a. Increase the IPAP setting by  

2 cm H2O to allow full normal-
ization of PaCO2.

b. Increase the patient’s EPAP by  
2 cm H2O and reassess her oxy-
genation status frequently.

c. Increase the respiratory rate to 
allow normalization of PaCO2.

d. Transition the patient to IMV 
because her FiO2 has not been 
successfully weaned.

10. Which of the following state-
ments regarding modes of NIV is 
accurate?
a. Since pressure settings used 

in BiPAP generally are higher 
than would be applied in CPAP, 
patients consistently better tol-
erate CPAP.

b. Bilevel positive airway pressure 
provides the ability to synchro-
nize administration of driving 
pressures with the patient’s own 
respiratory effort.

c. Continuous positive airway 
pressure is best used in patients 
with more severe distress who 
require higher levels of respira-
tory support.

d. The oxygen flow rate in HFNC 
can be adjusted to create a reli-
able amount of pressure support 
in preterm infants and neonates.
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Noninvasive Ventilation and Acute Respiratory Failure

Interface Advantages and Disadvantages

Interface Type Advantages Disadvantages

Nasal Prongs • Small, less invasive
• Easy to apply
• Generally well-tolerated

• Risk of air leaks through mouth
• Risk of intranasal pressure injuries

Nasal Mask • Generally well-tolerated
• Small and less invasive than full face 

mask

• Risk of air leaks through mouth
• Risk of facial tissue injury

Full-face Mask • High degree of control
• Less risk of air leaks

• May cause agitation, often poorly 
tolerated

• Risk of facial tissue injury

Helmet • Air leaks unlikely
• No direct skin contact

• Large, cumbersome
• Limited availability
• May lead to CO2 rebreathing

Source: Author created.

Steps to Initiation of Noninvasive Ventilation

Source: Author created.

Select HFNC or NIPPV

HFNC

Set FiO2 and O2 
� ow rate

Reassess patient

Adjust FiO2 and 
� ow rate

Consider NIPPV or 
IMV if inadequate 

response

NIPPV

Select CPAP or 
BiPAP

Nasal prongs

Nasal mask

Face mask

Select interface

CPAP

Select starting 
pressure and FiO2

Reassess patient

Adjust FiO2 and 
pressure by 2 cm 

H2O intervals

Consider 
IMV if inadequate 

response

BiPAP

Select starting 
EPAP, IPAP, FiO2, 
and respiratory 

rate

Reassess patient

Adjust FiO2 and 
pressures by 2 cm 

H2O intervals

Consider IMV 
if inadequate 

response

BiPAP: bi-level positive airway pressure; CPAP: continuous positive airway pressure; EPAP: expiratory positive airway pressure; HFNC: high � ow nasal 
cannula; IMV: invasive mechanical ventilation; IPAP: inspiratory positive airway pressure; NIPPV: noninvasive positive pressure ventilation.
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Absolute Contraindications to Noninvasive Ventilation

• Impaired level of consciousness 
• Impending airway loss
• Inability to tolerate/cooperate 
• Hemodynamic instability
• Facial trauma, deformity, or surgery
• Vomiting
• Upper gastrointestinal bleeds

Source: Author created.

Predictors of Noninvasive Ventilation Failure

Severe disease • High Pediatric Risk of Mortality score
• High initial FiO2 requirements
• High initial PaCO2

Poor initial response to 
therapy

• Inability to wean FiO2
• Absence of clinical improvement after 1-2 hours 

of therapy

Underlying process • Acute respiratory distress syndrome
• Sepsis
• Oncologic process
• Immune de� ciencies

Source: Author created.

Markers of Noninvasive Ventilation Failure

• Elevated FiO2 requirements
• Failure of ability to wean FiO2
• Elevated PaCO2
• Tachypnea
• Respiratory distress
• Tachycardia
• Hypertension
• Agitation 

Source: Author created.

Potential Complications of Noninvasive Venitilation

• Aspiration
• Air leaks
• Tissue breakdown/irritation
• Hemodynamic instability
• Nasal dryness/irritation
• Eye irritation

Source: Author created.

Mechanisms of Respiratory Support Provided 
by Noninvasive Ventilation

• Maintain airway patency (decreased work of breathing, eased exhalation)
• Assists alveolar recruitment (improved oxygenation, decreased V/Q 

mismatch)
• Reduce work of breathing (decreased oxygen demand, decreased energy 

expenditure)

Source: Author created.

Conditions with Possible Bene� t 
from Noninvasive Ventilation

• Apnea of prematurity
• Respiratory distress syndrome
• Asthma
• Bronchiolitis
• Dynamic upper airway obstruction
• Pneumonia
• Acute respiratory distress syndrome
• Cystic � brosis
• Acute chest crisis
• Patients with underlying neuromuscular disorder 
• Diaphragm paralysis
• Interstitial edema
• Blunt chest trauma
• Post-extubation failure

Source: Author created.
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