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Oxygen Delivery Systems
Introduction

During critical illness and injury, oxygen uptake by the lungs
and delivery to the tissues are typically compromised at the
same time tissue demand for oxygen may be increased.
Oxygen should be administered in high concentration to all
seriously ill or injured children suffering from respiratory
insufficiency, shock, or central nervous system depression. As
soon as feasible, add humidification to oxygen delivery systems
to prevent obstruction of the small airways by dried secretions.

Administering
Oxygen to a
Conscious
Child

When attempting to administer oxygen to an alert child, the
desire to improve oxygen delivery must be balanced against the
adverse effect of increased agitation that may be produced by
applying any oxygen delivery equipment (eg, mask or cannula)
to the child. Anxiety can increase oxygen consumption and
respiratory distress. For this reason allow the alert child in
respiratory distress to remain with a parent or caregiver. If
needed, have a nonthreatening person, such as a parent,
introduce the oxygen delivery equipment.
If a child is upset by one method of oxygen delivery (eg, a
mask), attempt to deliver oxygen by an alternative technique
(eg, blow-by stream of humidified oxygen directed toward the
child’s mouth and nose). To further prevent agitation, allow an
alert child in respiratory distress to remain in a position of
comfort to facilitate optimal airway patency and to minimize
respiratory effort.

Administering
Oxygen to an
Unconscious
Child

If a child is somnolent or unconscious, the airway may become
obstructed by a combination of neck flexion, jaw relaxation,
displacement of the tongue against the posterior pharyngeal
wall, and collapse of the hypopharynx.1,2 Use manual airwayopening techniques (eg, head tilt–chin lift or jaw thrust in
trauma) to open the airway before inserting an oropharyngeal
airway. In the child without suspected trauma who is breathing
spontaneously, rolling him on his side with the neck extended
will help maintain airway patency and prevent the tongue from
falling back to obstruct the airway.
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A properly performed jaw thrust is the most effective means to
open the pediatric airway.3 Providers, however, are often
inexperienced with the technique because it cannot be
performed on some CPR manikins.
If necessary clear the oropharynx and nasopharynx of
secretions, mucus, or blood with suctioning. Once the airway is
open and clear, oxygen can be administered to an unconscious
child by a variety of methods.

High-Flow vs Low-Flow Delivery Systems
Overview

If spontaneous respiratory efforts are effective, oxygen may be
administered by several delivery systems. The choice of system
is determined by the child’s clinical status and the desired
concentration of inspired oxygen. Oxygen delivery systems can
be categorized as
• low flow/variable concentration of oxygen (nasal cannula,
simple oxygen mask)
• high flow/high concentration of oxygen (nonrebreathing
masks, oxygen hoods, Venturi masks, face tents, and oxygen
tents)

Low-Flow Systems
Introduction

In a low-flow system 100% oxygen mixes with entrained room
air during inspiration because the oxygen flow is less than the
patient’s inspiratory flow and the mask or cannula does not fit
tightly on the face. The delivered oxygen concentration is
determined by the patient’s inspiratory flow rate and the gas
flow delivery rate, which results in a variable concentration of
oxygen.
Low-flow systems theoretically can provide an oxygen
concentration of 23% to 80%, although they do so unreliably. In
small infants even low-flow systems can result in a high inspired
oxygen concentration. The nasal cannula and the simple
oxygen mask are both low-flow systems.
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Nasal
Cannula

The nasal cannula is a low-flow oxygen delivery device suitable
for infants and children who require only low levels of
supplementary oxygen. The net inspired oxygen concentration
depends on the child’s respiratory rate, respiratory effort, and
size.4 The nasal cannula may deliver high oxygen
concentrations to small infants.
The inspired oxygen concentration cannot be reliably
determined from the nasal oxygen flow rate because it is
influenced by other factors, such as
• nasal resistance
• oropharyngeal resistance
• inspiratory flow rate
• tidal volume
• nasopharyngeal and oropharyngeal volume
A high oxygen flow rate (>4 L/min) through a nasal cannula
irritates the nasopharynx and may not appreciably improve
oxygenation. A nasal cannula often does not provide humidified
oxygen and may not deliver sufficient oxygen if the nares are
obstructed.

Simple
Oxygen Mask

The simple oxygen mask is a low-flow device. The maximum
inspired oxygen concentration is approximately 60% because
entrainment of room air occurs between the mask and the face
and through exhalation ports in the side of the mask during
spontaneous inspiration. Oxygen concentration delivered to the
patient is reduced if the patient’s spontaneous inspiratory flow
requirement is high, the mask is loose, or the oxygen flow into
the mask is low. A minimum oxygen flow rate of 6 L/min must
be used to maintain an increased inspired oxygen concentration
and prevent rebreathing of exhaled CO2.
Several types of oxygen masks may be used to administer
humidified oxygen in a wide range of concentrations. The soft
vinyl pediatric mask is often poorly tolerated by infants and
toddlers, but it may be accepted by older children.

High-Flow Systems
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Introduction

In a high-flow system the flow rate and reservoir capacity
provide adequate gas flow to meet the total maximum inspired
flow requirements of the patient. Entrainment of room air does
not occur if the oxygen is delivered by a tight-fitting mask or in a
closed system. High-flow systems can reliably deliver either low
or high inspired oxygen concentrations. They deliver a reliable
oxygen concentration by using an air-oxygen blender. High-flow
systems should be used in emergency settings to reliably
deliver a high inspired oxygen concentration to patients with
actual or high risk of development of hypoxia. High-flow
systems include the partial rebreathing mask with reservoir,
nonrebreathing mask with reservoir, oxygen hood, Venturi
mask, face tent, and oxygen tent.

Partial
Rebreathing
Mask With
Reservoir

The partial rebreathing mask (Figure 1) consists of a simple face mask
with a reservoir bag. It reliably provides an inspired oxygen
concentration of 50% to 60% provided the oxygen flow rate into the
bag is consistently maintained above the patient’s minute ventilation.
During exhalation some of the exhaled air flows into the reservoir bag
and combines with fresh oxygen. Because this initial portion of the
exhaled gas comes from the upper airway and is not involved in
respiratory gas exchange during the prior breath, it remains oxygen
rich.
During inspiration the patient draws gas predominantly from the fresh
oxygen inflow and from the reservoir bag, so entrainment of room air
through the exhalation ports is minimized. Rebreathing of exhaled CO2
from the mask is prevented as long as the oxygen flow rate into the
bag is greater than the patient’s minute ventilation. If the oxygen flow
rate is sufficient and the mask fits securely, the reservoir bag should
not empty completely during inspiration. An oxygen flow rate of 10 to
12 L/min generally is required.

Figure 1. Partial rebreathing mask with reservoir.
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Nonrebreathing Mask With
Reservoir

The nonrebreathing mask with reservoir consists of a face mask and
reservoir bag with the following additions:
• A valve incorporated into one exhalation port to prevent entrainment
of room air during inspiration
• A valve placed between the reservoir bag and the mask to prevent
flow of exhaled gas into the reservoir
During inspiration the patient draws 100% oxygen from the reservoir
bag and the oxygen inflow. Oxygen flow into the mask is adjusted to
prevent collapse of the bag. An inspired oxygen concentration of 95%
can be achieved with an oxygen flow rate of 10 to 15 L/min and the
use of a well-sealed face mask.

Oxygen Hood

The oxygen hood is a clear plastic shell that encompasses the head of
a newborn or small infant. Typically oxygen concentrations of about
40% to 60% are achieved with high oxygen flow rates (≥10 L/min). An
adequate flow rate is essential to prevent rebreathing of expired air.
Advantages of the oxygen hood include that it
• is well tolerated by infants
• allows easy access to the chest, trunk, and extremities
• allows control of concentration, temperature, and humidification of
inspired oxygen
The size of the hood limits its use to patients younger than 1 year of
age. To minimize heat loss in young infants, use warmed, humidified
oxygen.

Venturi Mask

A Venturi-type mask is a high-flow system designed to reliably and
predictably provide controlled, low to moderate (25% to 60%) inspired
oxygen concentrations. This system uses a special oxygen outlet at
the mask that creates a subatmospheric pressure designed to entrain
a specific quantity of room air to mix with the 100% oxygen flow.

Face Tent

A face tent or face shield is a high-flow, soft plastic “bucket” that is
often better tolerated by children than a face mask. Even with a high
oxygen flow rate (10 to 15 L/min), stable inspired oxygen
concentrations greater than 40% cannot be reliably provided because
room air is inspired with the oxygen flow. Advantages of the face tent
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are that it permits access to the face (eg, for suctioning) without
interrupting oxygen flow and may be less threatening to children than
a mask.

Oxygen Tent

The oxygen tent is a clear plastic shell that encloses the child's upper
body (or in an infant the entire body). It can deliver more than 50%
oxygen with high flow rates, but it cannot reliably provide a stable
inspired oxygen concentration. Room air will enter the tent whenever
the tent is opened. The tent also limits access to the patient. If
humidified oxygen is used, the resulting mist may impede observation
of the patient. In practice a tent does not provide satisfactory
supplementation of inspired oxygen if more than 30% inspired oxygen
is required.
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Airway Adjuncts
Oropharyngeal Airway (OPA)
Description

The oropharyngeal airway (OPA) consists of a flange, a short biteblock segment, and a curved body. The curved body is usually made
of plastic and shaped to provide an air channel and suction conduit
through the mouth and to the pharynx. It is designed to fit over the
surface of the tongue to hold it and the soft hypopharyngeal structures
away from the posterior wall of the pharynx.

Indications

An oral airway of the proper size may relieve obstruction caused by
the tongue without damaging laryngeal structures. An OPA may be
used in the unconscious child if procedures to open the airway (eg,
head tilt–chin lift or jaw thrust) fail to provide and maintain a clear,
unobstructed airway. An OPA should not be used in a conscious or
semiconscious patient because it may stimulate gagging and vomiting.
The key assessment is to check whether the patient has an intact
cough and gag reflex. If so, do not use an OPA.

Complications

If the OPA selected is too large, it could obstruct the larynx or cause
trauma to the laryngeal structures (Figure 2C).
If the OPA selected is too small or inserted improperly, it is likely to
push the base of the tongue posteriorly so the tongue obstructs the
airway (Figure 2D).

Airway
Selection and
Insertion
Procedure

OPA sizes range from 4 to 10 cm in length (Guedel sizes 000 to 4),
which should fit children of all ages. Follow the steps below to choose
the correct OPA size and insert the OPA.
Step
1

2

Action
Place the OPA against the side of the child’s face.
The tip of the OPA should extend from the corner of
the mouth to the angle of the jaw, resulting in proper
alignment with the glottic opening (Figure 2).
Gently insert the OPA directly into the oropharynx.
The use of a tongue blade to depress the tongue may
be helpful.
Note: The practice of inserting the OPA backwards
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and rotating it 180 degrees may injure tissues and
push the tongue posteriorly.
After insertion of an OPA, monitor the child and keep
the head and jaw positioned properly so that a patent
airway is maintained. Suction the airway as needed.

Figure 2. Selection of an oral airway. An airway of the proper size will relieve
obstruction caused by the tongue without damaging laryngeal structures.
The appropriate size can be estimated by holding the airway next to the
child’s face. (A). The tip of the airway should end just cephalad to the angle
of the mandible (dashed line), resulting in proper alignment with the glottic
opening (B). If the oral airway is too large, the tip will align posterior to the
angle of the mandible (C) and obstruct the glottic opening by pushing the
epiglottis down (C, arrow). If the oral airway is too small, the tip will align well
above the angle of the mandible (D) and exacerbate airway obstruction by
pushing the tongue into the hypho pharynx (D, arrows). Adapted with
permission from Coté and Todres.

Nasopharyngeal Airway (NPA)
Description

A nasopharyngeal airway is a soft rubber or plastic tube that provides
a conduit for airflow between the nares and the pharynx (Figure 3).

Indications
for Use

Unlike oral airways, nasopharyngeal airways may be used in
conscious or semiconscious patients (patients with an intact cough
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and gag reflex). They also may be useful in children with upper airway
obstruction who are neurologically impaired. The device may be used
to minimize nasopharyngeal trauma when frequent suctioning is
required.

Complications

Care should be taken to insert the airway gently to avoid
complications. The airway can irritate the mucosa or lacerate
adenoidal tissue and cause bleeding. These complications may
aggravate airway obstruction and complicate airway management.

Airway
Selection and
Insertion
Procedure

Nasopharyngeal airways are available in sizes 12F to 36F. A 12F
nasopharyngeal airway (approximately the size of a 3-mm
endotracheal [ET] tube) will generally fit the nasopharynx of a full-term
infant.
A shortened ET tube may be used as a nasopharyngeal airway
(Figure 3A). A shortened ET tube has the advantage of being more
rigid; therefore, it maintains the patency of the airway because it is less
likely to become obstructed by external compression (eg, when large
adenoids are present). Its rigidity, however, may be a disadvantage
because the tube is more likely to injure the soft tissues during
passage. If a shortened ET tube is used, a 15-mm adapter must be
firmly attached to prevent accidental advancement of the proximal end
beyond the nares into the nasopharynx. The tube can be securely
taped to the nose in a fashion similar to taping of a nasotracheal tube.

Procedure

Step
1

2

3
4

Action
Compare the outer circumference of the nasopharyngeal
airway with the inner aperture of the nares. The airway
selected should not be so large that it causes sustained
blanching of the alae nasi (nostrils).
Measure the length. The proper airway length is
approximated by the distance from the tip of the nose to the
tragus of the ear.
If the nasopharyngeal airway is too long, it may cause
bradycardia through vagal stimulation, or it may injure the
epiglottis or vocal cords. Physical irritation of the larynx or
lower pharynx may stimulate coughing, vomiting, or
laryngospasm.
Lubricate the airway with a water-soluble substance.
Insert the tube through a nostril in a posterior direction
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perpendicular to the plane of the face and pass it gently
along the floor of the nasopharynx (Figure 3B). If the airway
does not pass readily, withdraw it and reattempt insertion in
the other nostril.
Reevaluate frequently.
Mucus, blood, vomitus, or the soft tissues of the pharynx can
obstruct the nasopharyngeal airway, which has a small
internal diameter. Frequent evaluation and suctioning of the
airway may be necessary to ensure patency.

Figure 3. A, Nasopharyngeal airways. A shortened endotracheal tube may be
substituted (to provide a more rigid airway). B, Placement of a nasopharyngeal
airway. C, Shortened (cut) endotracheal tube used as a nasopharyngeal airway.
Note that the standard 15-mm adapter must be firmly reinserted into the proximal
end of the endotracheal tube or the tube taped securely to the nose to prevent
inadvertent advancement.
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Bag-Mask Ventilation
Introduction

In most emergencies where assisted ventilation is required,
effective bag-mask ventilation will usually provide adequate
oxygenation and ventilation until definitive control of the airway
can be achieved. Bag-mask ventilation can be as effective as
ventilation through an ET tube for short periods and may be
safer. In the out-of-hospital environment bag-mask ventilation
may be sufficient during transfer from the scene of the
emergency to a hospital, particularly if the transport time is short
and providers are inexperienced in insertion of advanced
airways.
All healthcare providers who care for infants and children
should be trained to deliver effective oxygenation and
ventilation using the bag-mask technique as the primary method
of ventilatory support.

Indications

If the child’s spontaneous breathing effort is inadequate (as
judged by insufficient chest movement and inadequate breath
sounds or inadequate respiratory rate) despite a patent airway,
you must provide assisted ventilation. In most respiratory
emergencies infants and children can be successfully ventilated
with a bag-mask device even in the presence of partial airway
obstruction.5

Topics

During the PALS Provider Course you will be evaluated on your
performance of effective bag-mask ventilation. Review the
topics in this section to prepare for the course. This section
discusses how to do the following:
• Understand bag-mask ventilation equipment
• Select and prepare the equipment
• Position the child
• Perform bag-mask ventilation
• Monitor the effectiveness of ventilation
• Minimize the risk of gastric distention
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Understand Bag-Mask Ventilation Equipment
Ventilation
Mask

The ventilation mask consists of a rubber or plastic body, a rim
or face cuff or seal, and a standard 15-mm male connector or a
22-mm port to connect to a bag or ventilation circuit. Most
disposable masks used for infants and children have a soft,
inflatable cuff with a relatively large under-mask volume. In
infants and toddlers the under-mask volume should be as low
as possible to decrease dead space and minimize rebreathing
of exhaled gases. Ideally the mask should be transparent,
permitting the rescuer to observe the color of the child’s lips and
condensation on the mask (indicating exhalation) and to detect
regurgitation.

Ventilation
Bags

There are 2 basic types of ventilation bags:
• Self-inflating bags
• Flow-inflating bags
Ventilation bags used for initial resuscitation are usually selfinflating. Flow-inflating bags are more often used in in-hospital
settings such as intensive care units, delivery rooms, and
operating rooms.

Self-inflating
Bags

A self-inflating bag with a face mask provides a rapid means of
ventilating a patient in an emergency and does not require an
oxygen source.6

How It Works

The bag recoil mechanism fills the self-inflating bag from a gas
source (if available) or from room air. During bag reinflation the
gas intake valve opens, and supplementary oxygen (Figure 4A),
if available, or room air (Figure 4B) is drawn into the bag.
During bag compression the gas intake valve closes, and a
second valve opens to permit gas flow to the patient. During
patient exhalation the bag outlet valve (nonrebreathing valve)
closes, and the patient’s exhaled gases are vented to the
atmosphere to prevent rebreathing of CO2.
The concentration of oxygen delivery through the bag can be
improved with the addition of a reservoir at the gas intake valve
from which the bag can fill. A minimum oxygen inflow rate of 10
to 15 L/min (higher for larger ventilation bags) is required to
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maintain adequate oxygen volume in the reservoir.4

Figure 4. Self-inflating manual resuscitator bag with face mask, with (A and
B) and without (C and D) oxygen reservoir. A, Reexpansion of bag with
oxygen reservoir. When the rescuer’s hand releases the bag, oxygen flows
into the bag from the oxygen source and from the reservoir, so the
concentration of oxygen in the bag remains 100%. B, Compression of bag
with oxygen reservoir delivers 100% oxygen to the patient (purple arrow).
Oxygen continuously flows into the reservoir. C, Reexpansion of the bag
without an oxygen reservoir. When the rescuer’s hand releases the bag,
oxygen flows into the bag from the oxygen source, but the ambient air is also
entrained into the bag, so the bag becomes filled with a mixture of oxygen
and ambient air. D, Compression of the bag without oxygen reservoir
delivers oxygen mixed with room air (aqua arrow). Note that with both setups
exhaled patient air flows into the atmosphere near the connection of the
mask and bag (see gray arrows from mask in A and C).

Confirm
Oxygen
Source

The self-inflating bag can function without an oxygen source
and deliver room air. During resuscitation oxygen flow and a
reservoir should be attached to the device as soon as they are
available. The device will continue to provide ventilation if the
oxygen source becomes disconnected. Therefore, the
resuscitation team should frequently verify that oxygen is
attached during operation (eg, listen for oxygen flow; verify that
tubing is attached correctly and oxygen tank pressure is
appropriate.)
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Pop-off Valve

Many self-inflating bags are equipped with a pressure-limited pop-off
valve set at 35 to 45 cm H2O to prevent excessive airway pressures.
When providing ventilation during CPR, however, pressure
requirements to deliver sufficient tidal volume may exceed these limits.
If lung compliance is poor or airway resistance is high, an automatic
pop-off valve may result in delivery of insufficient tidal volume, as
indicated by inadequate chest expansion.7 Bags used for assisted
ventilation during CPR should have no pop-off valve or one that is
easily occluded (ie, inactivated).
To occlude the pop-off valve, depress the valve with a finger or thumb
during ventilation or twist the valve into the closed position. Peak
ventilation pressure can be monitored with a manometer placed in line
with the bag-mask device.

Caution: Fishmouth or
Leaf-flap
Outlet Valves

Self-inflating bag-mask devices with a fish-mouth or leaf-flap operated
outlet (nonrebreathing) valve do not provide a continuous flow of
oxygen to the mask. Do not use this type of bag to provide
supplementary oxygen to the spontaneously breathing patient. This
valve opens only if the bag is squeezed or the mask is sealed tightly to
the face and the child generates significant inspiratory force to open
the valve. Although these valves can open during inspiration, many
infants cannot generate the increased inspiratory force required to
open the outlet valve, so they may not inspire the oxygen-enriched gas
mixture contained in the bag.

Feeling for
Changes in
Lung
Compliance

The bag-mask device must be appropriate for the patient’s size and
condition so that the operator has a “feel” for the patient’s lung
compliance. A poorly compliant lung is “stiff” or difficult to ventilate. A
sudden increase in lung stiffness during ventilation with a bag may
indicate airway obstruction, decreased lung compliance, or
pneumothorax. Lung over distention from excessive inflating
pressures, positive end-expiratory pressure (PEEP), or high assisted
respiratory rates with short exhalation time may also cause the feel of
“stiff lungs” during ventilation.

PEEP

Application of PEEP may improve oxygenation in patients with lung
tissue disease or low lung volumes through alveolar recruitment.
Provide PEEP during ventilation with a bag by adding a compatible
spring-loaded ball or disk or a magnetic-disk PEEP valve to the bagmask or bag-tube system. Do not use self-inflating manual
resuscitators equipped with PEEP valves to provide CPAP during
spontaneous breathing because the outlet valve in the bag requires
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high negative inspiratory pressure to open.

Flow-Inflating
Bags

Flow-inflating ventilation bags require a gas flow to operate.
They are used primarily in inpatient settings, such as the
intensive care unit or operating room. Flow-inflating bags are
often referred to as “anesthesia bags” because they were often
used to provide ventilation during surgery. Safe and effective
ventilation with these devices requires more experience than is
needed to use self-inflating manual resuscitators. To achieve
ventilation the provider must be able to adjust the flow of fresh
gas, adjust the outlet control valve, and ensure a proper seal
with the face mask. For these reasons only trained and
experienced persons should use flow-inflating manual
resuscitators.8
A flow-inflating ventilation bag9 consists of a reservoir bag with
a standard 15-mm/22-mm connector, a fresh gas inflow port,
and an outlet port (Figure 5). The outlet port usually includes an
adjustable clamp or valve. The volume of reservoir bags is as
follows:
Age
Infants
Children
Adults
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(mL)
500
600 to 1000
1500 to 2000
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Figure 5. Flow-inflating bag. A, With a pressure manometer. B, Without a pressure
manometer.

How It Works

Flow-inflating bags do not contain a nonrebreathing valve, so the
composition of inspired gas is determined by the rate of fresh gas flow.
The only valve in the system is the expiratory or pressure-relief valve.
This valve must be adjusted to maintain gas volume in the reservoir
bag to maintain the appropriate positive pressure and allow an oxygen
inflow rate sufficient to wash out exhaled gases.
During ventilation with a flow-inflating bag, adjust fresh gas inflow to at
least 250 mL/kg per minute. An increase in the fresh gas inflow rate
decreases the risk of rebreathing CO2. Use of an inline pressure
manometer is recommended as a guide to prevent excessive inflating
pressures and as a way to monitor breath-by-breath inflation
consistency. Effective ventilation, however, is indicated by adequate
chest rise rather than by a pressure indicated on a manometer.
Below are complications that can result from inappropriate adjustment
of the pressure-relief valve:
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Use During
Spontaneous
Ventilation

If
Pressure-relief valve
offers too much
resistance to flow
out of bag

Then
Bag becomes
distended and
produces high
airway pressure

Bag refills slowly

Rate of ventilation
is limited

Pressure-relief valve
is opened too much

Gases will escape
from the bag too
quickly and the
reservoir bag will
collapse when
compressed

Complication
Potential for
barotrauma and
potential
impedence of
venous return with
the potential for
hypotension
Inadequate
ventilation rate or
tidal volume
If the bag collapses,
effective ventilation
(rate and or tidal
volume) will be
impossible until the
reservoir refills

Flow-inflating ventilation systems can be used to provide
supplementary oxygen during spontaneous ventilation even in small
infants because there are no flow valves to be opened during
inspiration.
When used to provide supplementary oxygen, the fresh gas flow rate
into the flow-inflating bag must be at least 3 times the patient’s minute
ventilation, or removal of exhaled CO2 may be inadequate.
In addition, PEEP or CPAP may be provided through this bag by
partially closing the adjustable pressure-relief valve until the desired
level of PEEP (usually 5 to 10 cm H2O) is achieved. PEEP or CPAP
may be delivered only by using a tight-fitting mask or an ET or
tracheostomy tube.

Select and Prepare the Equipment
Choosing
Mask Size

Ventilation masks are available in a variety of sizes. The mask
should extend from the bridge of the nose to the cleft of the
chin, covering the nose and mouth but avoiding compression of
the eyes (Figure 6). The mask should provide an airtight seal. If
the seal is not airtight, inflation volumes will not be adequate,
and ineffective ventilation will result.
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Figure 6. Proper area of the face for face mask application. Note that no
pressure is applied to the eyes.

Choosing Bag
Size

Ventilation bags come in different sizes. Resuscitation bags
used for ventilation of full-term newly borns, infants, and
children should have a minimum volume of 450 to 500 mL.
Neonatal ventilation bags (250 mL) may be inadequate to
support effective tidal volume and the longer inspiratory times
required by large full-term neonates and infants. Studies using
infant manikins showed that effective infant ventilation can be
accomplished using pediatric (and larger) resuscitation bags.10
Regardless of the size of the bag-mask device, use only the
force and tidal volume necessary to make the chest visibly rise.

Testing the
Device

All components of the self-inflating bag and the mask should be
checked before use to ensure proper function. Do the following
to test the device:
• Check the bag for leaks by occluding the patient outlet with
your hand and squeezing the bag.
• Check the gas flow control valves for proper functioning.
• Check the pop-off valve (if present) to ensure that it can be
easily occluded.
• Check the oxygen line for a secure connection to the device
and oxygen source.

© 2006 American Heart Association

20

• Listen for the sound of oxygen flow into the bag.
• Ensure that the cuff of the mask (if present) is adequately
inflated.

Position the Child
Sniffing
Position

During bag-mask ventilation it may be necessary to move the
child’s head and neck gently through a range of positions to
determine the optimum position for airway patency and
effectiveness of ventilation. A “sniffing” position without
hyperextension of the neck is usually appropriate for infants and
toddlers.
To place a child in the sniffing position, place the child supine.
Flex the child’s neck forward on the shoulders while extending
the head on the neck. Position the opening of the external ear
canal even with or in front of the anterior aspect of the shoulder
while the head is extended (Figure 7). Avoid extreme
hyperextension of the infant neck because this may produce
airway obstruction.
Children older than 2 years may require padding under the
occiput to obtain optimal airway position. In younger children
and infants, padding may need to be placed under the
shoulders or upper torso to prevent excessive flexion of the
neck that can occur when the prominent occiput rests on the
surface on which the child lies.
After you position the infant or child, verify that the child is in the
correct sniffing position. The opening of the external ear canal
should be even with or in front of (anterior to) the anterior
aspect of the shoulder.
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Figure 7. Correct positioning of the child more than 2 years of age for
ventilation and tracheal intubation. A, With the patient on a flat surface (eg,
bed or table), the oral (O), pharyngel (P) and tracheal (T) axex pass through
three divergent planes. B, A folded sheet or towel placed under the occiput
aligns the pharyngeal and tracheal axes. C, Extension of the atlanto-occipital
joint results in the alignment of the oral, pharyngeal, and tracheal axes. Note
that proper positioning places the external ear canal anterior to the shoulder.
D, Incorrect position with neck flexion. E, Correct positions for infant. Note
that the external ear canal is anterior to the shoulder. Reproduced with
permission from Coté and Todres.

Perform Bag-Mask Ventilation
One-Rescuer
Bag-Mask
Ventilation
Technique

Single-rescuer bag-mask ventilation using the E-C clamp technique is
described below.
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Step
1

Action
Open the airway and seal the mask to the face with one
hand (Figure 8).
To open the airway and make a seal between the mask and
the face in the absence of suspected cervical spine injury, tilt
the head back and use 1 or 2 fingers (ie, the fifth finger and
possibly the fourth finger) positioned behind the angle of the
mandible to lift the mandible up and forward. This
simultaneous head tilt and jaw lift will open the airway by
moving the tongue away from the posterior pharynx, the jaw
forward, and the mouth open. As you lift the jaw toward the
mask, you also seal the mask against the face.
If the patient's face is too large or the rescuer's hand is
too small to span the gap from the front of the mask to
behind the jaw, use an oral airway and the E-C clamp
technique. In both cases the primary objective is to lift
the jaw into the mask, and the secondary maneuver
is to press the mask onto the face.

The technique of opening the airway and making a seal
between the mask and the face is called the E-C clamp
technique and it is described below.
The third, fourth, and fifth fingers of one hand (forming an E)
are positioned along the jaw to lift it forward; then the thumb
and index finger of the same hand (forming a C) make a seal
to hold the mask to the face. Avoid pressure on the soft
tissues underneath the chin (in the submental area) because
such pressure can push the tongue into the posterior
pharynx, producing airway compression and obstruction.

2

If possible the mouth should be open inside the mask, either
as a result of a jaw thrust maneuver or placement of an
oropharyngeal airway.
With the other hand, compress the ventilation bag to deliver
a tidal volume that produces visible chest rise.
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Figure 8. One-handed face mask application technique.

Two-Rescuer
Bag-Mask
Ventilation
Technique

Two-rescuer bag-mask ventilation is more effective in many
circumstances than single-rescuer bag-mask ventilation and is
preferred when possible. Two-rescuer ventilation may be necessary in
the following situations:
• When there is difficulty making a seal between the face and the
mask
• When there is significant airway resistance (ie, asthma) or poor lung
compliance (ie, pneumonia or pulmonary edema)11
• When cervical spine immobilization is necessary
One rescuer uses both hands to open the airway and maintain a tight
mask-to-face seal while the other rescuer compresses the ventilation
bag (Figure 9). Both rescuers should observe and ensure that the
chest rises with each breath.

© 2006 American Heart Association

24

Figure 9. Two-rescuer bag-mask ventilation technique may provide more
effective ventilation than one-rescuer ventilation when there is significant
airway obstruction or poor lung compliance. One rescuer uses both hands to
open the airway and maintain and tight mask-to-face seal while the other
rescuer compresses the ventilation bag.

Monitor the Effectiveness of Ventilation
Clinical
Parameters

Frequently assess effectiveness of oxygenation and ventilation by
monitoring the following parameters for evidence of clinical
improvement or deterioration:
• Visible chest rise with each breath
• Oxygen saturation
• Exhaled CO2
• Heart rate
• Blood pressure
• Distal air entry
• patient response (eg, appearance, color, agitation)
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Troubleshooting
Ineffective
Ventilation

If effective ventilation is not achieved (ie, the chest does not rise), do
the following:

Spontaneously
Breathing
Patient

In spontaneously breathing patients, gentle positive-pressure breaths
administered with a bag-mask device should be carefully timed to
augment the child’s inspiratory efforts. If the delivered breaths are not
coordinated with the child’s efforts, bag-mask ventilation may be
ineffective and may stimulate coughing, vomiting, laryngospasm, and
gastric inflation that will further impede effective ventilation.

• Reposition/reopen the airway: attempt to further lift the jaw and
ensure that the child is placed in a sniffing position.
• Verify appropriate mask size and ensure a tight mask seal on the face.
• Suction the airway if needed.
• Check the oxygen source.
• Check the resuscitation bag and mask.
• Treat gastric inflation.

Minimize the Risk of Gastric Distention
Introduction

Inflation or distention of the stomach frequently develops during bagmask ventilation. Gastric inflation is especially likely when assisted
ventilation is provided in the setting of partial airway obstruction or
poor lung compliance (ie, when very high inflating pressures are
required). It develops if an excessive inspiratory flow rate or ventilation
pressure is used. Gastric distention is also more likely to develop
during bag-mask ventilation of the unconscious patient or the patient in
cardiac arrest because the gastro-esophageal sphincter will open at a
lower than normal pressure in these patients. Gastric inflation can
compromise effective ventilation by limiting lung volumes. Minimize
gastric inflation by the following:
• Modify the ventilation technique.
• Insert an NG or OG tube (ie, gastric decompression).
• Apply cricoid pressure.

Modify
Ventilation
Technique

During ventilation minimize gastric inflation in the unconscious or obtunded
patient by
• delivering inspiration in 1 second, allowing adequate time for exhalation
• delivering just enough tidal volume to produce visible chest rise
• ventilating at a slower rate to avoid excessive peak inspiratory pressures
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Insert an NG
or OG Tube

In intubated patients a nasogastric (NG) or orogastric (OG) tube
should be placed after the airway is protected by ET intubation unless
gaseous abdominal distention is impeding bag-mask ventilation. A
gastric tube interferes with closure of the lower gastroesophageal
sphincter. Insertion of a gastric tube prior to intubation can increase
the risk of possible regurgitation and aspiration of stomach contents.

Apply Cricoid
Pressure

Application of cricoid pressure during ventilation can prevent gastric
inflation and may prevent regurgitation and aspiration of gastric
contents.12,13 Cricoid pressure occludes the proximal esophagus by
displacing the cricoid cartilage posteriorly, compressing the esophagus
between the rigid cricoid ring and the cervical spine.
This technique may require an additional rescuer (Figure 10) if the
cricoid pressure cannot be applied by the rescuer who is securing the
bag to the face.12-14 Apply cricoid pressure (Figure 10) in only an
unconscious victim (ie, a victim without a cough or gag reflex).12-14
Cricoid pressure is indicated in only unconscious patients because it
may cause pain, gagging, and vomiting in conscious patients.

Figure 10. Cricoid pressure (the Sellick maneuver).
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Cricoid
Pressure
Procedure

Follow the steps below to perform cricoid pressure:
Step
1

2

Action
Locate the cricoid cartilage.
The cricoid cartilage is the first tracheal ring, located by
palpating the prominent horizontal band inferior to the thyroid
cartilage and cricothyroid membrane.
Apply firm pressure using one fingertip in infants and the
thumb and index finger in children.
Avoid excessive cricoid pressure because it may produce
tracheal compression and obstruction or distortion of the
upper airway anatomy.15
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Endotracheal Intubation Procedure
Introduction

Ventilation through a properly placed ET tube is an effective
and reliable method of assisted ventilation. ET intubation,
however, requires special training and technical skill and
experience to successfully and safely place and maintain a tube
in the airway. Intubation may not always be appropriate outside
the hospital, depending on factors such as experience and
training of the healthcare providers and the transport interval.
In some EMS systems the success rate for pediatric intubation
is relatively low and the complication rate is high.16 In other
multi-tiered EMS systems, second-tier out-of-hospital providers
may have sufficient training and experience to perform
intubation safely and effectively.17 Dedicated critical care or
interhospital transport personnel (including helicopter transport
personnel) often have sufficient training and ongoing
experience to achieve a high success rate for ET intubation with
a low complication rate.18,19
Placement of any advanced airway in infants and children
should be performed in a healthcare system that includes a
process for ongoing quality improvement. This includes
establishment of protocols (eg, including indications for
intubation as well as for confirmation of tube placement),
monitoring of healthcare provider training and experience,
monitoring of complication rates, and a system for remedial
training.

Advantages
of ET
Intubation

Ventilation through a correctly placed ET tube is an effective
and reliable method of assisted ventilation for the following
reasons:
• The trachea is isolated from the esophagus, improving
ventilation and oxygen delivery without inflating the stomach.
• Risk of pulmonary aspiration of gastric contents is reduced.
• Secretions and other debris can be suctioned from the
airways.
• Chest compressions can be given continuously without the
need to pause for ventilations.
• Inspiratory time and peak inspiratory pressures can be
controlled.
• PEEP or CPAP can be provided if needed.
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Indications

Indications for ET intubation may include
• impaired CNS control of ventilation
• airway obstruction (ie, functional or anatomic)
• loss of protective airway reflexes (ie, cough, gag)
• excessive work of breathing
• inadequate oxygenation despite administration of oxygen
• need for an advanced airway and control of ventilation during
deep procedural sedation or during patient transport
• need for control of ventilation in patients with increased
intracranial pressure

Topics

During the PALS Provider Course you will be evaluated on ET
intubation skills according to your scope of practice. Review the
topics in this section to prepare for the course. This section
discusses how to do the following:
• Assemble equipment and personnel
• Prepare the child for the procedure
• Perform ET intubation procedure
• Confirm proper ET tube placement
• Search for and treat causes of acute deterioration
See “Endotracheal Intubation Technique” in the appendix for
more detailed information.
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Assemble Equipment and Personnel
Checklist of
Equipment

Assemble all equipment needed before the ET intubation procedure.
Here is a checklist of equipment and drugs:
Table 1. Preevent Equipment Checklist for Endotracheal Intubation.

ET Tubes

Note the following reference points on the ET tube:
• Calibrated marks (in centimeters) to use as reference points
during placement and to facilitate detection of unintentional
movement of the tube
• Vocal cord mark, which when placed at the level of the glottic
opening, indicates that the tip of the tube should be in the
midtrachea (Figure 11)
ET tubes can be either cuffed or uncuffed.
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Figure 11. A, Uncuffed endotracheal tube with distance markers. B, Cuffed
endotracheal tube with distance markers

Cuffed ET
Tubes

A cuffed ET tube should have a low pressure, high-volume cuff.
Considerations regarding the use of cuffed ET tubes are the
following20-22:
• In the hospital setting, cuffed ET tubes have been found to be
as safe as uncuffed tubes for infants and children, although
they have not been evaluated in the newly born.
• Cuffed tubes may be preferable in certain circumstances such
as
♣ poor lung compliance (eg, pneumonia or ARDS)
♣ high airway resistance (eg, status asthmaticus)
♣ large glottic air leak
Providers should use the appropriate ET tube size and monitor
tube position and cuff inflation pressure. (Note that the formula
for estimation of cuffed tube size from age varies from that used
for uncuffed tubes.) Keep cuff inflation pressure <20 cm H2O.23

Uncuffed ET
Tubes

Uncuffed ET tubes can be used in infants and young children.
Because the normal anatomic narrowing at the level of the
cricoid cartilage may provide a functional “cuff,” a cuffed ET
tube may not be necessary.

Select Correct
ET Tube Size

Although the internal diameter of the appropriate size of ET tube may
be roughly equivalent to the size of the child’s little finger, estimation of
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tube size by this method may be difficult and unreliable.24,25 Estimate
correct ET tube size by using
• body length
• age-based formulas
Estimating tube size based on the child’s body length provides a more
accurate estimation of appropriate ET tube size than does the child’s
age.26 Length-based, color-coded resuscitation tapes may be helpful in
identifying the correct ET tube size for children who weigh up to
approximately 35 kg.26
Two age-based formulas can also be used to estimate the ET tube
size (internal diameter in millimeters) in children from 1 to 10 years of
age. See Table 2.
All of these strategies only estimate proper tube size. The tube of
estimated size and tubes 0.5 mm smaller and larger than the
estimated size should be readily available. After intubation verify
correct tube size and tube position.

Verify Correct
Tube Size
After Insertion

To verify correct tube size after insertion, first ensure that
ventilation is adequate. In general, if the tube is correctly sized,
you should hear an audible air leak with sustained airway
pressure of 20 to 25 cm H2O.
The absence of an air leak despite creation of a sustained
airway pressure higher than 25 cm H2O suggests that the tube
is too large or the cuff is inflated too much; this increases the
risk of airway injury. If a cuffed tube was inserted, you should
deflate the cuff until you can hear an audible air lead at
sustained airway pressure of 20 to 25 cm H2O.
An audible air leak at pressures lower than 20 cm H2O suggests
that the tube is small relative to the child’s trachea. A tube that
is smaller than optimal may be adequate if the child does not
require high airway pressures, but it will often result in a large
air leak if the child has high airway resistance or stiff lungs.
Some ventilators can effectively compensate for air leak. The
important factor to monitor is the effectiveness of ventilation.
Recommended ET tube sizes are listed in Table 2.
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TABLE 2. Guidelines for Laryngoscope Blade, Endotracheal Tube, and Suction
Catheter Sizes
Age of
Patient

Laryngoscope
Blade

Internal Diameter
of Endotracheal
Tube (mm)*
Uncuffed
age (years)

+4

4

Preterm
infant
Term
infant
6
months
1 year
2 years

Miller 0†

Cuffed:
age (years) + 3
4
2.5, 3.0 uncuffed

Distance from
Midtrachea to
Lips or Gums
(cm)*
<44 weeks
gestational age:
6 + weight (kg)

Suction
Catheter
(F)*

2 x ET size
>44 weeks
gestational age:
3 × ET size
8

5 to 6

3.0, 3.5 uncuffed

9 to 10

6 to 8

3.5, 4.0 uncuffed

10.5 to 12

8

Miller 1
Wis-Hipple 1½

4.0, 4.5 uncuffed

12 to 13.5

8

Miller 2
Macintosh 2

4.5 uncuffed
4.0 cuffed
5.0, 5.5 uncuffed
4.5 cuffed
5.5 uncuffed
5.0 cuffed
6.0 cuffed
6.5 cuffed
7.0 cuffed
7.0, 8.0 cuffed

13.5

8

15

10

16.5

10

Miller 0-1†
Wis-Hipple 1

4 years
6 years

Miller 2
8 years
18
12
19.5
12
10 years Macintosh 2
12 years Macintosh 3
21
12
AdolesMacintosh 3
21
12
cent
Miller 3
*Formulas provide estimates of appropriate endotracheal tube size, the tracheal
tube distance marker that is aligned with the lip when the tube is at the proper depth,
and appropriate suction catheter size. An endotracheal tube 0.5 mm larger and one
0.5 mm smaller than the estimated size should be readily available. ET indicates
endotracheal tube size (in mm).
†

Oxyscope modifications are available for Miller 0 and 1 blades. These devices
may reduce the likelihood of hypoxemia during laryngoscopy in infants.

Laryngoscope

The laryngoscope consists of a handle, batteries, and a blade with a
light source. Check the laryngoscope before the intubation attempt to
ensure that the blade attaches correctly to the handle and that the light
is in working order. If the bulb flickers or fails to light, you may need a
new bulb or new batteries in the handle. For more information see
“Using the Laryngoscope” in the Appendix.
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Assemble
Personnel

Assemble personnel and make sure that all members of the
team understand their roles and responsibilities.

Prepare the Child for the Procedure
Introduction

Prepare the child for the intubation procedure as follows:
• Provide supplementary oxygen.
• Assist ventilation if appropriate (see special considerations for
rapid sequence intubation below and “Rapid Sequence
Intubation” in the Appendix).
• Establish monitoring.
• Position the child.

Provide
Supplementary Oxygen

Provide supplementary oxygen before ET intubation if the child
has a perfusing rhythm. Administer high-flow oxygen via a tightfitting mask. Typically several minutes of oxygen delivery will
“wash out” the air that is normally present in the child's lungs.
Even if the child’s oxyhemoglobin saturation (SpO2) is 100%
before application of an oxygen mask, give oxygen before
attempts at intubation.

Assist
Ventilation if
Appropriate

Assist ventilation only if the patient’s effort is inadequate. Be
sure the child is properly positioned when providing assisted
ventilation. (See “Position the Child” below.)
If rapid sequence intubation (RSI) is planned, avoid bag-mask
positive-pressure ventilation if possible because it may inflate
the stomach and increase the risk of vomiting and aspiration.
(See “Rapid Sequence Intubation” in the Appendix).
If trauma to the head and neck or multiple trauma is present,
manually immobilize the cervical spine during ventilation and
during intubation attempts.

Establish
Monitoring

Establish monitoring of heart rate and SpO2 before the
intubation procedure. In a few circumstances (eg, cardiac arrest
or if there is difficulty providing adequate ventilation with a bagmask device), it may be necessary to perform intubation
immediately without delay for application of monitors.
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During intubation attempts it is essential that you monitor SpO2
continuously.27 This is especially important if the bradycardic
response to hypoxemia has been blunted by premedication with
an anticholinergic agent (ie, atropine).

Position the
Child

Position the child in preparation for ET intubation. Align the
axes of the mouth, pharynx, and trachea so that the glottis can
be visualized. See “Visualizing the Epiglottis” in the Appendix.
For all patients appropriate alignment of the head and neck
is typically achieved when the opening of the ear canal is
above or just even with the top of the shoulder when the
patient is supine and you look at the patient from the side
(Figure 7C). When the head and neck are in correct
alignment, the child looks as if he is putting his head forward
to sniff a flower.

Children >2
years old

For a child older than 2 years (without suspected cervical spine
injury), place the child's head on a small pillow or folded towel28
to facilitate simultaneous anterior displacement of the head on
the neck and slight extension of the neck; that is, lift the chin to
place the child in the sniffing position (Figure 7C).
Note: If cervical spine injury is suspected, use manual cervical
stabilization to maintain the cervical spine neutral position.

Children <2
years old

Place infants and toddlers younger than 2 years on a flat
surface with slight extension of the neck28; that is, lift the chin
into the sniffing position (Figure 7E). Young children do not
require anterior displacement of the head on the neck because
this occurs naturally when placing the patient’s head on a flat
surface (when the prominent occiput rests on the flat surface
the patient’s neck may be slightly flexed). Placement of a small
pillow or blanket under the child's shoulders or upper torso may
help to maintain proper alignment of the mouth, pharynx, and
trachea for intubation.

Perform ET Intubation Procedure
Attempts
Should Be
Brief

Intubation attempts should be brief. Attempts lasting longer than
30 seconds may produce profound hypoxemia, especially in

© 2006 American Heart Association

36

infants, whose small lung volumes and increased oxygen
consumption rapidly deplete oxygen reserves.
In general, interrupt an intubation attempt if you observe any of
the following:
• Significant hypoxemia (fall in oxyhemoglobin saturation)
• Cyanosis
• Pallor
• Decreased heart rate
If intubation is interrupted, immediately ventilate the patient with
100% oxygen using a mask and bag-mask device to improve
heart rate and oxygenation before intubation is reattempted.
In cases where the patient is unstable and difficult to oxygenate
or ventilate by bag-mask, you may decide that the need to
establish an advanced airway supersedes the need to correct a
transient fall in oxygenation or heart rate during the intubation.
In this situation intubation should be performed or closely
supervised by the most skilled provider.

Procedure

Step
1

2
3

4

Follow the steps below to perform the ET intubation procedure.
Action
Use the laryngoscope to control the tongue and visualize the
epiglottis and the vocal cords. For more details see “Visualizing the
Epiglottis” in the Appendix.
Insert the ET tube. For more details see “Detailed Intubation
Procedure” in the Appendix.
Position the ET tube so that the tip is in the midtrachea as guided by
the following:
• Uncuffed tube: place the black glottic marker of the tube at the level
of the vocal cords. In tubes with interrupted black lines, insert the
tube until the second black line is just below the cords.
• Cuffed tube: insert until the cuff is positioned just below the vocal
cords.
Hold the tube in place and confirm the position of the ET tube using
clinical assessment and a device. (See “Confirm Proper ET Tube
Placement” below.)
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5

Secure the ET tube to the patient’s face with adhesive (eg, tincture of
benzoin) and tape or a commercial device.
During CPR it may be difficult to keep an ET tube in proper
position. The ET tube must be held securely and its position
reconfirmed at regular intervals.

6

7

Note the distance marker at the lips to allow detection of
unintentional ET tube displacement. See Table 2 for estimated
distance from midtrachea to lips or gums.
Maintain the patient’s head in a neutral position. Excessive head
movement may displace the tube as follows29, 30:
• Flexion of the head or neck moves the tube farther into the trachea.
• Extension of the head or neck displaces the tube farther out of the
trachea.
Monitor tube placement during transport, after the patient is moved
(eg, from a gurney to a hospital bed), and whenever the patient's
condition deteriorates.

Note: See “Initial Ventilator Settings” in the Appendix.

Confirm Proper ET Tube Placement
Introduction

You should confirm ET tube placement immediately after insertion,
during patient transport, after the patient is moved (eg, from a gurney
to a hospital bed), and whenever the patient’s condition deteriorates.
Although no confirmation method is 100% reliable, use of confirmation
techniques reduces the risk of undetected tube misplacement or
displacement.
Confirm ET tube placement by
• physical exam
• confirmation devices

Physical
Exam

Confirm ET tube placement by physical examination:
■
■

Look for adequate and symmetric chest rise during positivepressure ventilation.
Listen for equal breath sounds over proximal and peripheral
lung fields (ie, in axillae).
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In infants and young children, breath sounds may be
transmitted and heard faintly over the epigastrium. This is
distinctly different than the loud, gurgling sounds that occur
when there is inadvertent esophageal intubation.31
Symmetry and equality of breath sounds after ET intubation may be
affected by the patient's underlying disease or injury. If breath sounds
are asymmetric before intubation (eg, as the result of a pleural effusion
or pneumothorax), the findings of the preintubation examination should
serve as the baseline for comparison after intubation.
If you strongly suspect esophageal placement, remove the ET tube
and ventilate with a bag and mask. If tube placement is uncertain,
perform direct laryngoscopy to visualize tube position.

Confirmation
Devices

Exhaled CO2
Detection and
Monitoring
Devices

Confirmation of ET tube position also involves evaluation using a
confirmation device:
■

Evaluation
Evidence of exhaled CO2

■

Aspiration of air from the trachea

■
■

Improvement in SpO2
Confirmation that ET tube is
inserted to the correct depth in the
trachea

Device
Exhaled CO2 detection
and monitoring devices
(eg, colorimetric device,
capnography)
Esophageal detector
device (for children >20
kg) with perfusing rhythm
Pulse oximetry
Chest x-ray

Exhaled CO2 detection and monitoring devices react to the CO2
exhaled through a properly placed ET tube. Detection of exhaled CO2
in patients larger than 2 kg with a perfusing rhythm is both specific and
sensitive for ET tube placement in the trachea. Devices that detect
CO2 include colorimetric detectors and continuous capnometry and
capnography.
Exhaled CO2 should be detected using a colorimetric device if the ET
tube is in the trachea of an infant (even very low birth weight infants)
or child with a perfusing cardiac rhythm. The device manufacturers
recommend that assessment of exhaled CO2 be performed after 6
manual (positive-pressure) breaths because those breaths will wash
out any CO2 that might have been forced into the stomach during bag-
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mask ventilation prior to intubation. While you administer the 6
breaths, you can check breath sounds in the anterior chest, the axillae,
and over the epigastrium.
In patients with a perfusing cardiac rhythm, confirmation that the tube
position in the trachea is signaled by32,33
• positive color change in a colorimetric device
• presence of a capnometry measurement or capnography waveform
Although detection of exhaled CO2 indicates that the tube is in the
trachea, it does not confirm that the tube is in the ideal position in the
trachea. For example, exhaled CO2 may be detected with intubation of
the right main bronchus. For this reason use of exhaled CO2 does not
replace the need to document proper tube position in the trachea by
clinical examination and evaluation of depth of insertion on a
postintubation chest x-ray.
An adult-sized colorimetric exhaled CO2 detector is recommended
for use in patients >15 kg. The “adult” detector will add a large
amount of dead space to the proximal end of a child’s ET tube. In an
infant the adult device may yield a false-negative result. This is
because the small exhaled volume may not create a sufficient CO2
concentration in the detector to cause a reaction and color change. If
a pediatric colorimetric device is unavailable, use an adult-sized
device with caution to initially or intermittently confirm ET tube
placement, but do not keep the device attached to the ET tube.

Exhaled CO2 may not be detected despite correct placement of the
ET tube in the trachea (false-negative) in the following situations:
Cardiac arrest
or very low
cardiac output

IV bolus of
epinephrine

Severe airway
obstruction or
pulmonary
edema
Weight <2 kg
© 2006 American Heart Association

In cardiac arrest cardiac output (and hence
pulmonary blood flow) is absent. Even when
CPR is provided, cardiac output and pulmonary
blood flow is significantly decreased, so little
CO2 is delivered to the lungs. As a result little
CO2 is detected in exhaled gas.32,34,35
If a child is given an IV bolus of epinephrine,
pulmonary blood flow may be transiently
reduced, resulting in insufficient CO2 delivered to
the lungs, and the CO2 in exhaled gas may be
too little to be detected.36
If a child has severe airway obstruction (eg,
status asthmaticus) or pulmonary edema, CO2
present in the lungs may not be detected by an
exhaled CO2 detector device at the proximal end
of the ET tube.34,37,38
Although most reports of accuracy of exhaled
40

CO2 devices have included infants >2 kg, more
recent studies have documented accuracy even
in small preterm infants with a perfusing rhythm.
However, extremely small infants (<1 kg)39 and
particularly infants with low pulmonary blood flow
may not generate sufficient CO2 to be detected
by a qualitative exhaled CO2 detector device.
Exhaled CO2 may be erroneously detected despite incorrect
placement of the ET tube in the esophagus or pharynx (false-positive)
in the following situations:
Acidic gastric
contents
Acidic drugs (eg,
epinephrine)

Exhaled air in
stomach or
esophagus

Esophageal
Detector
Devices

If the exhaled CO2 detector device is
contaminated with acidic gastric contents or
acidic drugs (eg, endotracheally
administered epinephrine), an exhaled CO2
colorimetric device may register a positive
color change even if the ET tube is in the
esophagus. In this situation the color change
does not fluctuate breath to breath but
remains constant. You should discard the
device and replace it.
If bag-mask ventilation is provided before
intubation, some exhaled air may be forced
into the esophagus and stomach. This can
result in initial detection of CO2 despite
esophageal placement of an ET tube. This
CO2 should not be detectable after delivery
of 6 breaths, because 6 breaths should
wash out any CO2 present in the stomach or
esophagus.

The use of an esophageal detector device (EDD) to confirm ET tube
placement is based on the assumption that a collapsed self-inflating
bulb or a syringe can easily fill with air aspirated from an ET tube in the
cartilage-supported trachea. Conversely, if the ET tube is in the
esophagus, attachment of a deflated bulb or attempts to aspirate the
syringe will collapse the walls of the esophagus, preventing filling of
the bulb or syringe.40
Squeeze the aspirating bulb and attach it or a syringe to the ET
tube. If the ET tube is correctly inserted in the trachea, the bulb will
immediately reexpand. If a syringe is used, you will be able to
withdraw air into the syringe. If the tracheal tube is incorrectly
inserted in the esophagus, there will be no (or very slow)
reexpansion of the bulb. If a syringe is used, you will be unable to
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aspirate air with the syringe.

The accuracy of EDDs to identify esophageal tube placement varies
according to patient type and clinical situation. In children >20 kg with
a perfusing rhythm the EDD can be very sensitive in identifying
esophageal tube placement.41-43 In children >20 kg in cardiac arrest it
can be used to supplement clinical assessment and use of the exhaled
CO2 detector to confirm ET tube placement.
There is insufficient data regarding accuracy in infants and children
<20 kg or during cardiac arrest to recommend routine use of an
EDD.44,45 Some studies of adults in cardiac arrest have shown that
although the EDD has high sensitivity in detecting esophageal ET tube
placement, it may falsely suggest esophageal placement of tubes that
are correctly placed in the trachea (poor specificity for esophageal
tube placement). It may be unreliable in morbidly obese patients46 and
those in the late stages of pregnancy.47

Pulse
Oximetry

Chest X-ray

In a child monitored by continuous pulse oximetry, the SpO2 typically
increases or remains high after successful ET intubation (ie, correct
placement in the trachea) and ventilation with 100% oxygen unless the
child has a severe compromise in oxygen diffusion or a severe
ventilation-perfusion mismatch. But do not rely on pulse oximetry to
confirm correct ET tube placement. High SpO2 is only one element of
the clinical assessment.
Obtain a chest x-ray as soon as possible after ET intubation to verify
correct depth of insertion of the ET tube. The distal tip of the tube
should be in midtracheal position, about midway between the carina
and the clavicles (this will correlate with approximately the level of the
fourth thoracic vertebra). The tip of the tube should be well above the
carina (ie, above the level of the sixth thoracic vertebra). Head and
neck position can affect the location of the tip of the tube. The provider
should consider head position when evaluating depth of tube
placement on chest x-ray and should attempt to keep the patient's
head in neutral position (Figure 12).

© 2006 American Heart Association

42

Figure 12. Evaluation of endotracheal tube position with chest x-ray.

Search for and Treat Causes of Acute Deterioration
Causes of
Sudden
Deterioration

Intubated patients are at risk of developing a variety of life-threatening
problems related to an advanced airway, including displacement or
obstruction of the airway, complications of mechanical ventilation, and
failure of the oxygen or ventilation support systems.
Sudden deterioration in an intubated patient may be caused by one of
the following complications, which can be recalled by the mnemonic
DOPE:

D

Displacement of the
tube from the trachea

The tube may be displaced out of the
trachea or may be displaced into the
right or left main bronchus

O

Obstruction of the
tube

Obstruction may be caused by

P

Pneumothorax
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• secretions, blood, pus
• foreign body
• kinking of the tube
Simple pneumothorax usually results
in sudden deterioration in oxygenation
(reflected by sudden fall in SpO2) and
chest expansion on the involved side.

43

E

Evaluating
Patient's
Status

Equipment failure

Tension pneumothorax may produce
deterioration in oxygenation and
ventilation and chest expansion on the
involved side, just as simple
pneumothorax does. In addition, it is
likely to be associated with reduced
cardiac output and hypotension. Other
signs of tension pneumothorax include
a shift in the trachea away from the side
of the pneumothorax.
Equipment may fail for a number of
reasons, such as
• disconnection of oxygen supply from
the resuscitation bag
• leak in the ventilator circuit
• failure of power supply to the ventilator
• malfunction of valves

If the condition of an intubated patient deteriorates, the first priority is
support of effective oxygenation and ventilation. While attempting this
support you should rapidly assess the patient and attempt to
determine and correct the cause of deterioration. If the patient is
receiving mechanical ventilation, provide hand ventilation with a mask
while you assess the patient’s airway, ventilation, and oxygenation as
follows:
• Observe chest rise and symmetry of chest movement.
• Auscultate over both sides of the anterior chest and at the midaxillary
line and over the stomach. Listen carefully over the lateral lung fields
for asymmetry in breath sounds or abnormal sounds such as
wheezing.
• Check monitors (eg, pulse oximetry and, if available, capnography).
• Check heart rate (should be appropriate for age and clinical
condition).
• Suction the advanced airway if you suspect obstruction with
secretions.
• Use sedatives, analgesics, or neuromuscular blockers if needed to
reduce the patient’s agitation. Administer these agents only after you
rule out a correctable cause of the acute distress and guarantee that
you can provide positive-pressure ventilation.
Your initial assessment will determine the urgency of the required
response. If you cannot verify that the ET tube is correctly placed,
direct visualization of the tube passing through the glottis is advised. If
the child’s condition is deteriorating and you strongly suspect that the
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tube is no longer in the trachea, you may need to remove it and
provide bag-mask ventilation.

Patient
Agitation

If ET tube position and patency are confirmed and mechanical
ventilation failure and pneumothorax are ruled out, evaluate
oxygenation and perfusion. If oxygenation and perfusion are adequate
or unchanged, it is possible that the patient’s agitation, excessive
movement, or pain is interfering with adequate ventilation.
If so, the patient may require one or more of the following:
• Analgesia for pain control (eg, fentanyl or morphine)
• Sedation to treat anxiety or agitation (eg, lorazepam, midazolam)
• Neuromuscular blocking agents combined with analgesia or sedation
to optimize ventilation and minimize the risk of barotrauma or
accidental tube displacement
Continuous capnography is helpful during mechanical ventilation as an
adjunct to clinical assessment. A sudden fall in exhaled CO2 can
indicate ET tube displacement whereas a gradual fall in exhaled CO2
may indicate development of ET tube obstruction. In addition,
capnography may help to detect hypoventilation or hyperventilation,
which may occur inadvertently during transport and diagnostic
procedures.48 A colorimetric detector or capnography should be used
during intrahospital and interhospital transport.

Tension Pneumothorax
Definition

Tension pneumothorax is a condition in which air enters the pleural
space through an injury to the lung parenchyma or airways. If the
patient is receiving positive-pressure ventilation, air will accumulate
and pressure will increase in the pleural space, collapsing the lung on
the affected side. If untreated the resultant tension in the pleural space
on the affected side will shift the mediastinum toward the contralateral
side and will impair ventilation, venous return, and cardiac output.
Cardiopulmonary failure and cardiac arrest may result. Immediate
diagnosis and treatment are essential for patient survival.

Signs

Tension pneumothorax is indicated by the following distinguishing
signs:
• Diminished breath sounds and chest expansion on the affected side
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• Distended neck veins (may be difficult to see in infants)
• Tracheal deviation toward the contralateral side (may be difficult to
appreciate)
• Hyperresonance on the affected side
Keep in mind that only some of these signs may be present in a
patient with a tension pneumothorax. To optimize the likelihood of
detecting asymmetric breath sounds due to a pneumothorax,
auscultate at the midaxillary line, where sounds transmitted from the
nonaffected side are minimal.

Presence of
Tension
Pneumothorax

Tension pneumothorax may complicate trauma or positive-pressure
ventilation. The presence of a pneumothorax should be suspected in
the victim of blunt chest trauma or in any intubated patient who
deteriorates suddenly during positive-pressure ventilation (including
overzealous ventilation by bag-mask or bag and ET tube).
Just as the ET tube tends to enter the right main bronchus if displaced
too far into the airway, a tension pneumothorax most frequently occurs
on the right side.

Treatment

Treatment of a tension pneumothorax consists of immediate needle
decompression. Typically you should not wait for confirmation by chest
x-ray because delay can result in further patient deterioration and
possible cardiac arrest.

Figure 13. Location of tension pneumothorax decompression.

Insert a 16- to 20-gauge over-the-needle catheter through the second
intercostal space, over the top of the third rib, in the midclavicular line
(Figure 13). A gush of air will be heard after successful needle
decompression. A chest tube should be placed as soon as feasible.
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Laryngeal Mask Airway
Summary

The laryngeal mask airway (LMA) is a device used to secure the
airway in an unconscious patient (it is contraindicated in a patient with
an intact gag reflex). It consists of a tube with a cuffed, mask-like
projection at the distal end (the inserted end). The LMA is inserted into
the pharynx and advanced until resistance is felt as the tube enters the
hypopharynx. The balloon cuff is then inflated, sealing the
hypopharynx and leaving the distal opening of the tube just above the
glottic opening. This provides an airway through the lumen of the LMA
into the trachea.
LMAs are widely used in the operating room and provide an effective
means of ventilation and oxygenation. Pediatric anesthesia studies
have documented a higher rate of complications with the use of LMAs
in smaller children compared with adults. The complication rate
decreases with increasing operator experience.49,50
There is insufficient data to support or refute a recommendation for the
routine use of an LMA for children in cardiac arrest. The LMA may be
an acceptable alternative airway adjunct for experienced providers
during pediatric cardiac arrest when ET intubation is difficult to
achieve.

Emergency Tracheostomy
Summary

Emergency tracheostomy may be a life-saving procedure if efforts to
relieve a severe airway obstruction are unsuccessful. This procedure
requires training and expertise to perform safely. Generally,
emergency tracheostomy is performed by only experienced providers
such as general surgeons and otolaryngologists (ear, nose, and throat
[ENT] specialists).
Tracheostomy is ideally performed in the operating room, where
specialized equipment and trained staff are available. In an
emergency, however, tracheostomy may be performed at the bedside.
If a standard tracheostomy tube is not available, a small-sized ET tube
can be placed into the airway as a temporary measure.
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Respiratory Function Monitoring Devices
Pulse Oximetry
Introduction

Pulse oximetry is a practical, noninvasive device that calculates
arterial oxyhemoglobin saturation (SaO2). Pulse oximetry can be used
to monitor
• oxyhemoglobin saturation
• trends in oxyhemoglobin saturation in response to treatment
intervention
The oxyhemoglobin saturation is the percent of hemoglobin that is
saturated with oxygen, and this saturation does not equate to oxygen
delivery to the tissues. Oxygen delivery is the product of arterial
oxygen content (hemoglobin concentration and its saturation plus
dissolved oxygen) and cardiac output. It is also important to note that
oxyhemoglobin saturation does not provide information about
effectiveness of ventilation (CO2 elimination).
If available, pulse oximetry should be used during stabilization of a
child in respiratory distress or failure as well as during
postresuscitation care and any transport for definitive care. The pulse
oximeter will not work during episodes of severe shock or cardiac
arrest because it must detect a pulsatile signal.

How It Works

Pulse oximetry provides an estimate of arterial oxyhemoglobin
saturation (SaO2) by using 2 wavelengths of light passed through a
pulsatile tissue bed to noninvasively determine the percent of
hemoglobin that is in the form of oxyhemoglobin (SpO2). The pulse
oximeter displays the SpO2 reading.
The pulse oximeter consists of 2 light-emitting diodes (LEDs) that
transmit red light and infrared light, a photodetector/sensor that
receives the light, and a microprocessor to calculate the relative
absorption of red and infrared light occurring in the tissue bed. To
calculate the SpO2, the LEDs must be placed on one side of a
cutaneous tissue bed (eg, finger, toe, earlobe, or even hand of an
infant) and the photodetector placed on the opposite side of the tissue
bed. There must be sufficient pulsatile blood flow in the tissue bed for
the device to function. Both LEDs flash through the tissue onto the
photodetector. The pulse oximeter calculates SpO2 based on the
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calculated absorption of red versus infrared light. Oxyhemoglobin
absorbs more infrared than red light, whereas reduced hemoglobin
(hemoglobin not bound to oxygen) absorbs more red than infrared
light.

Interpretation
of Readings

A room air SpO2 at or above 94% while breathing room air usually
indicates that oxygenation is adequate. SpO2 below 90% in a child on
100% oxygen by nonrebreathing mask is usually an indication for
additional intervention.
Age, sex, anemia, jaundice, or dark-skin pigment has little or no effect
on pulse oximetry readings. Several conditions, however, will lead to
erroneous readings or inability of the device to calculate the SpO2 (see
below).

Confirm
Validity of
Oximeter Data

The pulse oximeter requires pulsatile blood flow to determine SpO2.
Different brands of pulse oximeters vary greatly in how quickly they
reflect the development of hypoxemia and their accuracy in low-flow
states. All are inaccurate unless they precisely track the heart rate
through pulse detection.
Confirm the validity of oximeter data by evaluating the patient’s
appearance and comparing the heart rate displayed by the oximeter
with that displayed by the bedside cardiorespiratory monitor or on
physical exam.
If the oximeter fails to detect a signal or indicates a fall in SpO2, you
should immediately evaluate the patient rather than assume that
device error is present.
If the displayed heart rate does not correlate with the patient’s heart
rate or if the patient’s appearance does not correspond with the
reported level of oxyhemoglobin saturation, the oximeter may not be
functioning correctly.

Accuracy of
Readings in
Clinical
Settings

Pulse oximetry provides an accurate estimate of oxyhemoglobin
saturation but does not provide evidence of oxygen delivery and does
not directly evaluate the effectiveness of ventilation (carbon dioxide
elimination).
Pulse oximetry may be inaccurate in the following settings:
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Setting
Cardiac arrest

Cause/Solution
Cause: Absence of pulsatile blood flow

Shock or
hypothermia

Solution: The device will not be useful during
cardiac arrest.
Cause: Probe may not detect a pulsatile
signal because of peripheral vasoconstriction

Motion, shivering, or
bright overhead
lighting

Problem with the
skin probe interface
Misalignment of
photodetector
sensor with lightemitting diodes
Cardiac arrhythmias
with low cardiac
output

Solution: Improve blood flow (treat the shock).
You may be able to find an alternative site
(particularly one that is more proximal) that
will provide a sufficient pulsatile signal.
Cause: False pulsatile wave forms and
inaccurate SpO2 values
Solution: Move the sensor unit to a more
proximal site. Lightly cover the device in
position (ie, if it is placed on a finger, lightly
cover the finger to reduce ambient light).
Cause: Low or absent pulse signals
Solution: Try an alternate site or alternate skin
probe.
Cause: Low or absent pulse signals
Solution: Reposition the device so that the
diodes are located directly across the pulsatile
tissue bed from the sensor.
Cause: Arrhythmias interfere with detection of
pulsatile signal and calculation of pulse rate
Solution: Treat the arrhythmias.

Delays in
Reflecting
Deterioration
of Patient
Condition

Pulse oximeter readings may not immediately reflect deterioration in a
patient's condition. Causes of delay include
• response delay
• failure to directly evaluate ventilation
• failure to reflect hemoglobin concentration
Response delay (sometimes referred to as lag) refers to the delay
between deterioration in patient oxygenation and reflection of the
deterioration in the displayed SpO2. This delay is due in part to signal
averaging, which occurs over 5 to 20 seconds. The delay is longer in
some devices than in others.
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The pulse oximeter does not directly evaluate ventilation. As a result,
there may be a significant delay between a change in alveolar oxygen
tension and the oximeter reading. For example, if a patient receiving
supplementary oxygen develops apnea or hypoventilation, there may
be sufficient oxygen in the alveoli to maintain arterial oxygen
saturation for several minutes. Thus, if ventilation ceases but cardiac
output initially remains adequate in a child who is receiving 100%
oxygen, several minutes may elapse before SpO2 starts to fall.
Oxygen content in the blood is the product of hemoglobin
concentration and its saturation plus the amount of oxygen dissolved
in the blood. An anemic patient may have adequate hemoglobin
saturation (adequate SpO2) but inadequate hemoglobin concentration
to maintain adequate oxygen content. The provider should be aware of
the patient’s hemoglobin concentration when monitoring pulse
oximetry.

Carboxyhemoglobinemia
and
Methemoglobinemia

Pulse oximetry distinguishes only oxyhemoglobin from reduced
hemoglobin (hemoglobin not bound to oxygen). Consequently the
reading is not accurate in the presence of additional hemoglobins,
including
• carboxyhemoglobin
• methemoglobin
If these or other conditions affecting oxyhemoglobin saturation are
present, arterial hemoglobin oxygen saturation must be determined by
using co-oximetry. Co-oximetry, a more sophisticated device that uses
additional waveforms of light, can better evaluate the oxyhemoglobin
saturation in the presence of these hemoglobins.

Carboxyhemoglobinemia

Elevated levels of carboxyhemoglobin (carboxyhemoglobinemia) occur
with carbon monoxide poisoning, and they can be present in heavy
smokers. Because hemoglobin has a much greater affinity for carbon
monoxide than oxygen, it will form carboxyhemoglobin in preference to
oxyhemoglobin, resulting in decreased arterial oxygen content.
Carboxyhemoglobin, like oxyhemoglobin, absorbs more infrared light
than red light, so it can be treated as oxyhemoglobin in the calculation
of SpO2. With carboxyhemoglobinemia (eg, carbon monoxide
poisoning), the pulse oximeter (SpO2) reporting of oxyhemoglobin
saturation will be falsely high, elevated about 1% for every 1% of
circulating carboxyhemoglobin.
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Methemoglobinemia

Elevated levels of methemoglobin (methemoglobinemia) can result
from a congenital condition or from toxin or drug exposure.
Methemoglobin absorbs red and infrared light equally. In the presence
of significant methemoglobinemia, the SpO2 will be falsely high and
may remain at 85% despite significant hypoxemia (a fall in arterial
oxyhemoglobin saturation).

Correct Use
of Equipment

Correct probe positioning is critical for accurate SpO2 readings. Falsely
low readings occur when the probe is not symmetrically positioned (ie,
the 2 LEDs are not located directly across the tissue bed from the
photodetector). Repositioning of the probe can result in immediate
improvement in SpO2 readings. Problems with probe positioning may
also be related to variable blood flow through cutaneous pulsatile
arterioles.
In addition to applying the probe to a finger or toe, the following
locations can be used to solve placement problems:
If
Infant probes are unavailable
Intense vasoconstriction is
present and no pulsatile signal is
detected in the extremities
The patient is unconscious

Use
Use an adult probe around the
hand or foot of an infant
Apply an infant probe to the
earlobe
Apply the probe to the nares,
the cheek at the corner of the
mouth, and even to the tongue51

Pulse oximetry equipment should be used as follows:
• Use compatible equipment as recommended by the manufacturer.
Do not mix the probes of one manufacturer with the computerized
unit of another.
• Do not use a probe with a cracked surface because the LEDs may
come in contact with the skin and result in burns.
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Exhaled CO2 Monitoring
Introduction

Monitoring of exhaled CO2 can be a valuable tool when
combined with clinical assessment to confirm correct
endotracheal (ET) tube placement and to evaluate trends in the
patient's ventilation. Exhaled CO2 can be monitored using a
device that detects presence or absence of CO2 in exhaled gas
(colorimetric detector) or a detector that continuously
determines the CO2 in exhaled gas (called capnometry if a
number is displayed or capnography if the device displays the
exhaled waveform).

Physiology of
Exhaled CO2
Monitoring

The end-tidal CO2 is the peak exhaled CO2 near the end of
exhalation. The end-tidal CO2 will approximate and can be used
to monitor trends in the arterial PCO2 unless dead space
ventilation, very low cardiac output (or cardiac arrest), or an
extremely rapid respiratory rate is present. In infants and
children breathing spontaneously, the normal PETCO2 values
range from 36 to 40 mm Hg.
In patients with inadequate perfusion or lower airway
obstruction, capnography may underestimate arterial PCO2.
In patients with inadequate perfusion, the reduction in
pulmonary blood flow reduces alveolar CO2 and, therefore,
exhaled CO2 concentrations. With lower airway obstruction,
gas trapping and delayed exhalation can also lead to falsely
low PETCO2.

Use of
Exhaled CO2
Monitoring

Detection of CO2 has become a valuable tool to use with clinical
assessment to confirm correct placement of an ET tube. This
technique has been shown to be particularly accurate in
confirming ET tube placement in children who weigh more than
2 kg and have a perfusing rhythm, but it also appears to be
accurate even in lower birth weight infants. A sudden fall in
exhaled CO2 in an intubated patient, especially one with a
perfusing rhythm, may indicate tube displacement or
obstruction.
Detection of exhaled CO2 is a safe and effective noninvasive
method to indirectly evaluate cardiac output generated by CPR.
If ventilation is reasonably constant during CPR, then changes
in exhaled CO2 reflect changes in cardiac output. In several
case series in adult patients with cardiac arrest, survival was
poor if the maximum exhaled was <10 mm Hg during CPR.

© 2006 American Heart Association

54

Qualitative
and
Quantitative
Monitors

Several types of devices can be used to detect exhaled CO2
and monitor by 2 methods:
• Qualitative (colorimetric)
• Quantitative (capnometry and capnography)
See “Endotracheal Intubation” for more information about the
use of exhaled CO2 monitoring to confirm ET tube placement.

Qualitative

Qualitative (colorimetric) monitors are based on a chemical
reaction between exhaled CO2 and a chemical detector
impregnated in a strip of paper. When CO2 is present, the color
of the paper will typically change from its baseline color to
yellow.* To remember what the color changes indicate in most
detectors, use the following memory aid:
• No change—No CO2 is detected
• Yellow*—Yes, CO2 is detected
*Note that some detectors use a different color scheme than the one noted
here, so you must be familiar with the device used in your clinical setting.

The color intensity does indicate broad ranges of CO2
concentration detected. But that concentration will be affected
by the dead space within the detector itself and the patient’s
exhaled volume.

Quantitative

Quantitative devices called capnometers determine the
concentration of CO2 using infrared light absorption detectors.
When a capnometer includes a graphic display of the CO2
concentration, it is called capnography. Capnography typically
displays a continuous exhaled CO2 concentration waveform
with a digital display of the end-tidal CO2 (Figure 14). Use of
continuous capnography is recommended in intubated patients
because it may help immediately identify life-threatening
conditions, such as displacement or obstruction of an advanced
airway.
Quantitative devices can include a CO2 detector that is attached
to an ET tube or a specialized nasal cannula that contains a
CO2 sensor.
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Figure 14. A, Normal end-tidal CO2 capnograph waveform during mechanical
ventilation through an endotracheal tube in a patient with normal cardiac output. B,
End-tidal CO2 capnograph waveform through an endotracheal tube during CPR with
effective chest compressions (low cardiac output).

© 2006 American Heart Association

56

Suctioning
Suction
Devices

Suction devices can be either portable or wall-mounted units.
• Portable suction devices are easy to transport but may not provide
adequate suction power. A suction force of – 80 to – 120 mm Hg is
generally necessary.52
• Bulb or syringe suction devices are simple to use and require no
outside vacuum source, but they may be inadequate in larger
patients.
• Wall-mounted suction units should be capable of providing a vacuum
of more than – 300 mm Hg when the tube is clamped at full
suction.52
To avoid airway trauma, a suction device (other than bulb or syringe)
should have an adjustable suction regulator when used in children.
Large-bore, noncollapsible suction tubing should always be joined to
the suction unit, and semi-rigid pharyngeal tips (tonsil suction tips) and
appropriate size catheters should be available.

Indications

Suctioning of secretions, blood, vomitus, or meconium (in newly born
infants) from the oropharynx, nasopharynx, or trachea may be
necessary to achieve or maintain a patent airway.

Complications

Complications of suctioning include
• hypoxia
• vagal stimulation and bradycardia
• gagging and vomiting and resulting potential complications
• soft tissue injury
• agitation and its complications in unstable patients

Soft vs Rigid
Catheters

Both soft flexible and rigid suctioning catheters are available.
• Use a soft flexible plastic suction catheter for aspiration of thin
secretions from the oropharynx and nasopharynx or when performing
suctioning of the advanced airway.
• Use a rigid wide-bore suction cannula (“tonsil tip”) for more effective
suctioning of the oropharynx, particularly if there is thick particulate
matter or blood.
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Catheter
Sizes

See Table 2 for suction catheter sizes.

Oropharyngeal
Suctioning
Procedure

Follow the steps below to perform oropharyngeal suctioning:

Step
1

2
3

Action
Gently insert the distal end of the suction catheter or device
into the oropharynx over the tongue and into the posterior
pharynx.
Apply suction by occluding the catheter side opening while
withdrawing the catheter with a rotating or twisting motion.
To minimize hypoxemia, suction attempts generally should
not exceed 10 seconds. Attempts may be preceded and
followed by a short period of administration of 100% oxygen.
Obviously if the airway is occluded (eg, by blood), longer
attempts may be required because it will not be possible to
provide adequate oxygenation or ventilation without a patent
airway.

Monitor the child’s heart rate, pulse oxygen saturation, and clinical
appearance during suctioning. In general, if bradycardia develops or
clinical appearance deteriorates, interrupt suctioning and administer a
high oxygen concentration until the heart rate returns to normal.

Endotracheal
Tube
Suctioning
Procedure

Follow the steps below to perform ET tube suctioning:

Step
1

2

Action
Use a sterile glove to hold and advance the sterile suction
catheter into the ET tube. Avoid contamination of the portion
of the catheter that is inserted into the tube.
Gently insert the catheter into the ET tube to a depth that
should reach approximately to or slightly (1 to 2 cm) beyond
the tip of the tube in the trachea.
Insertion of the catheter much beyond the tip of the ET
tube is not recommended because it may injure the
endotracheal mucosa or stimulate coughing or
bronchospasm.

3

Apply suction by occluding the side opening of the catheter
while withdrawing the catheter with a rotating or twisting
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motion. Note that the hand occluding the side opening is not
gloved.
Suction attempts should typically not exceed 10 seconds. To
avoid hypoxemia, precede and follow attempts by a short
period of ventilation with 100% oxygen.
To help remove thick mucus or other material from the
airway, you may instill 1 or 2 mL of sterile saline into the
airway before suctioning. Provide positive-pressure
ventilation to disperse the saline before suctioning.
Monitor the child's heart rate, oxygen saturation, and clinical
appearance during suctioning. If bradycardia develops or clinical
appearance deteriorates, you should typically interrupt suctioning and
provide ventilation with a high oxygen concentration until the heart rate
returns to normal. If the ET tube is obstructed and you are attempting
to clear the obstruction, slightly longer suction attempts may be
appropriate. However, if you cannot quickly clear the obstruction, you
may need to remove the tube and provide bag-mask ventilation until
the tube can be replaced.

© 2006 American Heart Association

59

Endotracheal Intubation Technique
Using the Laryngoscope
Light Source

Standard laryngoscopes have a bulb in the blade that serves as
the light source. Fiberoptic laryngoscopes have the light source
within the handle, and the blade has a fiberoptic light bundle
instead of a bulb. Standard and fiberoptic blades and handles
are NOT interchangeable.
When using a standard laryngoscope, if the light on the flange
of the blade is dim, flickers, or does not illuminate, the blade
may be improperly seated on the handle, or the bulb on the
blade or the batteries encased in the handle may need to be
tightened or replaced. Ideally you should have a second blade
and handle in working order as a backup during the intubation
procedure.

Blade and
Handle

The laryngoscope blade may be curved or straight (Figure 15A
and 15B). Multiple sizes are available. Handles may be
pediatric or adult. Adult and pediatric handles will fit all blades
interchangeably.
To attach the blade to the handle:
• Hold the handle and blade parallel.
• Hook the U-shaped indentation in the blade onto the small bar
at the top of the handle.
• After the indentation is aligned with the bar, press the blade
forward and clip it onto the bar.
• Lift the blade up and away from the handle until it snaps into
position perpendicular to the handle (Figure 15C).
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Figure 15. Laryngoscope blades. A, Curved blade. B, Straight blade. C,
Attatchment of laryngoscope blade to handle.

Figure 16. Position of laryngoscope blade when using (A) a straight blade and (B) a
curved blade. Note that a straight blade may often be used in the same manner as a
curved blade (ie, the tip of the blade can be placed in the vallecula.

Visualizing the Epiglottis
Techniques

Hold the laryngoscope handle in your left hand and insert the
blade into the right side of the mouth, displacing the tongue to
the left. Follow the natural contour of the pharynx to the base of
the tongue (Figures 16 and 17). Position the tip of the blade at
the vallecula (ie, the space between the epiglottis and the base
of the tongue). Visualize (identify) the epiglottis. As an
alternative technique, once the tip of the blade is at the base of
the tongue (in the vallecula) and the epiglottis is seen, move the
proximal end of the blade to the right side of the mouth and
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then sweep the tongue toward the middle to achieve control of
the tongue.
Visualization of the larynx is accomplished using the following
techniques:
Straight blade
Attempt to visualize the glottic opening by lifting the mandible
with the blade in the direction of the long axis of the
laryngoscope handle. If the glottis is not visible, use the tip of
the blade to lift the epiglottis (Figure 16A). Note that a straight
blade may also be used in the same manner as a curved
blade—ie, the tip may be placed in the vallecula.
Curved blade
Insert the tip of the curved blade into the vallecula to displace
the tongue anteriorly (Figure 16B). After the blade is properly
positioned, exert traction upward in the direction of the long axis
of the handle to displace the base of the tongue and the
epiglottis anteriorly, exposing the glottis.
Avoid inserting the blade into the esophagus and then slowly
withdrawing it to visualize the glottis. This practice increases the
risk of laryngeal trauma.
Do not use the handle and blade for prying or levering. Do not
use the upper gums or teeth as a fulcrum. These practices may
damage the teeth and reduce the ability to visualize the larynx.

Figure 17. A, Introduction of the laryngoscope. B, Operator’s view of the
anatomy with landmarks.
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Detailed Intubation Procedure
Endotracheal
Intubation
Procedure

Below are detailed steps for performing the ET intubation procedure.

Step
1

2

3

Action
Prepare equipment and select an appropriate size ET tube
(have other sizes readily available). Position the child's head
so that the axes of the mouth, pharynx, and trachea are
aligned.
Hold the laryngoscope handle in your left hand and insert the
blade as described above (Figures 16 and 17) to displace
the tongue and the epiglottis and to visualize the glottic
opening. (For more information, see “Visualizing the
Epiglottis” above.)
Insert the ET tube from the right corner of the mouth (not
down the barrel of the laryngoscope blade) so that you can
see it pass through the glottic opening.
An assistant may help facilitate the provider's ability to
visualize the glottic opening by
• applying gentle rightward traction on the right corner of the
patient's mouth
• applying cricoid pressure (only in unconscious patients)

4

5

Position the ET tube so that the tip is in the midtrachea as
guided by the following:
• Uncuffed tube: place the black glottic marker of the tube at
the level of the vocal cords. In tubes with interrupted black
lines, insert the tube until the second black line is just
below the cords.
• Cuffed tube: insert until the cuff is positioned just below the
vocal cords.
Hold the tube in place and confirm the position of the ET
tube using clinical assessment and a device. (See “Confirm
Proper ET Tube Placement” on the student CD.)
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6

Secure the ET tube to the patient’s face with adhesive (eg,
tincture of benzoin) and tape or commercial device.
During CPR it may be difficult to keep an ET tube in
proper position: the ET tube must be held securely and
its position reconfirmed at regular intervals.

Note the distance marker at the lips to allow detection of
unintentional ET tube displacement (see Table 2 for distance
from midtrachea to lips or gums)
7

8

Maintain the patient’s head in a neutral position. Excessive
head movement may displace the tube as follows29,30:
• Flexion of the head or neck moves the tube farther into the
trachea.
• Extension of the head or neck displaces the tube farther
out of the trachea.
Monitor tube placement during transport, after the patient is
moved (eg, from a gurney to a hospital bed) and whenever
the patient's condition deteriorates.
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Rapid Sequence Intubation

Overview

Rapid sequence intubation (RSI) is an intubation technique that
uses medications to rapidly induce sedation and paralysis in
patients who are at high risk for regurgitation and aspiration.
These include patients who may have a full stomach from
recent intake or who have any condition that delays gastric
emptying (eg, trauma, toxic ingestion, intestinal obstruction).
RSI is contraindicated in any patient who may have a difficult or
abnormal airway.
RSI should be performed by only properly trained providers who
are proficient in the evaluation and management of the pediatric
airway and knowledgeable about the doses, side effects,
indications, and contraindications for the medications used in
the procedure.
Safe and effective RSI requires following a careful series of
steps (Table 3).
TABLE 3. Rapid Sequence Intubation Steps
Step
1
2
3
4
5
6
7
8
9
10
11

Description
Preparation Prior to Procedure
Brief medical history and focused physical assessment
Preparation (ie, equipment, personnel, medications)
Monitoring
Procedure
Preoxygenation
Premedication (ie, anticholinergic agents, ICP protection,
defasciculation, analgesia)
Sedation
Cricoid pressure and assisted ventilation (if needed)
Neuromuscular blockade (pharmacologic paralysis)
Endotracheal intubation
Postintubation Management
Postintubation observation and monitoring
Continued sedation and paralysis

The complete RSI procedure is not indicated in patients in
cardiac arrest or deeply comatose patients who require
immediate intubation. If the comatose patient has possible
increased intracranial pressure pressure (ICP), RSI is still
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indicated to reduce the elevation in ICP that accompanies
laryngoscopy and intubation.
Relative contraindications to RSI include
• provider’s concern that attempted intubation or bag-mask
ventilation may be unsuccessful
• significant facial or laryngeal edema, trauma, or distortion
• spontaneous breathing and adequate ventilation in patients
with muscle tone and positioning adequate to maintain the
airway
A complete discussion of RSI is beyond the scope of the PALS
Provider Course.

Initial Ventilator Settings
Introduction

Initial mechanical or manual ventilation of an intubated patient should
generally provide 100% oxygen at a rate appropriate for the child’s
age and clinical condition (Table 4). Delivered tidal volume should be
just enough to cause the chest to rise.

Oxygen

Low cardiac output promotes intrapulmonary shunting and hypoxia.
Because the risk of hypoxia is high after resuscitation, provide an
initial inspired oxygen concentration of 100% and then titrate to
maintain target oxygen saturation or PaO2.

Tidal Volume

When using volume ventilation, the initial tidal volume should be
adequate to move the chest, typically 6 to 10 mL/kg. If there is a large
air leak around the ET tube, higher tidal volumes or a pressurecontrolled mode of ventilation may be required. If a substantial air leak
compromises ventilation, it may be necessary to replace the ET tube
with a larger tube or a cuffed tube. If delivered tidal volume is
adequate, chest expansion and breath sounds should be adequate
and PaCO2 should be appropriate for the patient’s clinical condition
(this may not mean “normal” levels). Inspiratory time should be a
minimum of 0.5 second. For most children inspiratory time ranges from
0.5 to 1 second.

Peak
Inspiratory

When using pressure-limited ventilation, initial peak inspiratory
pressure should be set at the lowest level that produces adequate
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Pressure

chest expansion and good breath sounds. When using a time-cycled,
pressure-limited ventilator, adjust peak inspiratory pressure (PIP)
according to the patient’s size and lung compliance to ensure
adequate ventilation and chest expansion.
When lung compliance is normal, effective ventilation may be achieved
at peak inspiratory pressures of approximately 20 cm H2O and an
inspiratory time of 0.6 to 1 second. Higher inspiratory pressures (30 to
35 cm H2O) are frequently required in the presence of lung disease or
decreased lung compliance. If possible, adjust mechanical ventilation
parameters to limit long-term exposure to peak inspiratory pressures
>35 cm H2O. Short-term use of higher pressures may be necessary in
special resuscitation circumstances (eg, aspiration, asthma).

Respiratory
Rate

When providing mechanical ventilation support for a patient with
normal lungs, administer 100% oxygen at a typical rate of 20 to 30
breaths/min for infants, 16 to 20 breaths/min for children, and 8 to 12
breaths/min for adolescents. When lung disease is present, higher
rates may be required to ensure adequate ventilation.
Delivery of rapid respiratory rates reduces the time available for
exhalation. In the presence of asthma, bronchiolitis, or other conditions
that cause air trapping, mechanical ventilation at a rapid rate may
result in “stacking” of breaths and high risk of barotrauma, including
pneumothorax. Under these conditions provide the target tidal volume
at a relatively slow ventilation rate (20 to 25 breaths/min for infants, 12
to 20 breaths/min for children, and 8 to 12 breaths/min for
adolescents) and accept persistent mild or moderate hypercarbia
(permissive hypercapnia).53
Consider using neuromuscular blocking agents during mechanical
ventilation of the patient with air trapping because the child’s
spontaneous respiratory effort often contributes to greater airway
obstruction.

PEEP

ET intubation bypasses glottic function and eliminates the physiologic
positive end-expiratory pressure (PEEP) created during closure of the
glottis in normal coughing, talking, and crying. To maintain adequate
functional residual capacity, provide a PEEP of 2 to 5 cm H2O when
initiating mechanical ventilation. Higher levels of PEEP may be
required if lung recruitment is desired, as in patients with diffuse
alveolar disease or marked ventilation-perfusion mismatch.
PEEP increases functional residual capacity, reduces intrapulmonary
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shunting, and can increase lung compliance. High levels of PEEP,
however, can produce barotrauma, impede systemic venous return,
distort the geometry of the left ventricle, and reduce cardiac output. If
PEEP significantly compromises cardiac output, it is likely to reduce
oxygen delivery. Optimal PEEP should be determined for each patient
with frequent reevaluation.

Initial
Ventilator
Settings

TABLE 4. Initial Ventilator Settings*
Oxygen
Tidal volume†

100%
6 to 10 mL/kg

Inspiratory time†‡
Peak inspiratory
pressure†

0.5 to 1 second
20 to 35 cm H2O (lowest level that results
in adequate chest expansion)

(volume ventilation)

(pressure-limited ventilation)

Respiratory rate

Infants: 20 to 30 breath/min
Children: 16 to 20 breaths/min
Adolescents: 8 to 12 breaths/min
PEEP
2 to 5 cm H2O (adjust to optimize oxygen
delivery)
PEEP indicates positive end-expiratory pressure.
*
These settings should be adjusted based on clinical assessment
and arterial blood gas analysis.
†
For volume ventilators.
‡
For time-cycled, pressure-limited ventilators.

Troubleshooting Problems During Ventilation of the
Intubated Patient
Problems,
Causes, and
Solutions

Problems may develop during hand or mechanical ventilation
even when the ET tube is properly placed. Suspect a problem if
you observe that
• lung expansion is inadequate
• oxygenation or ventilation is inadequate as documented by
pulse oximetry, exhaled CO2 monitoring, or arterial blood gas
analysis
Review the following problems, causes, and solutions.
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Problem
Large ET air leak

Cause
ET tube too small

Solution
• Replace the ET tube with a larger
one.
• Use a cuffed ET tube (in cases
where high airway pressures are
needed, a cuffed ET tube may be
preferable to an uncuffed
tube*).20 Ensure correct tube size
and placement. Monitor and
maintain cuff inflation pressure
<20 cm H2O.
*Note: Inflate the cuff just until the air leak
disappears.

Open pop-off
valve on manual
ventilation bag

Bag-mask device
or system leak

• Lung compliance is • Close the pop-off valve.
poor (eg,
• Increase inflation and cuff
submersion or
pressures as required to achieve
pulmonary edema)7
effective ventilation.
• Airway resistance
is high (eg,
bronchiolitis or
asthma)
Leak is present at
• Switch to a different bag. To
any of several
detect a leak in the suspected
connections in the
bag, occlude the port normally
bag-mask device
connected to the ET tube while
you compress the bag. No air
should leak from the bag during
compression.
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Insufficient chest
rise

Air trapping and
impaired cardiac
output

• Inadequate tidal
volume
• Gastric distention
• Abdominal
distention
• Tube obstruction,
tube displacement,
or pneumothorax

• Confirm the problem by
delivering a larger volume breath
(using a ventilation bag) while
observing the chest wall for
movement, listening for breath
sounds, and observing for gastric
distention. Placement of an NG
or OG may be necessary.
• Ensure that all connections in the
ventilator circuit are tight. Verify
that all settings on the ventilator
(especially tidal volume and peak
inspiratory pressure) are correct.
• During hand ventilation, ensure
that the tube is patent (suction
the tube if necessary) and that
the tube is in the correct position.
• Perform needle decompression
of pneumothorax if indicated.

On the student CD, in ET
Intubation see “Causes of Sudden
Deterioration (DOPE)” in “Search
for and Treat Causes of Acute
Deterioration.”
• Excessive tidal
• Decrease tidal volume and
volume,
respiratory rate
respiratory rate,
• Reduce inspiratory time to
or inspiratory time
increase exhalation time
• “Stacking” of
breaths (so-called
“auto-PEEP”)

Consider other causes of inadequate lung expansion or lung collapse, such as
pneumothorax, hemothorax, obstruction of the ET tube, and inadequate PEEP.
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Noninvasive Positive Airway Pressure
Introduction

In selected patients ventilatory support may be delivered without
placement of an advanced (invasive) airway. Noninvasive application
of positive airway pressure can be used in the management of children
with acute and chronic respiratory failure, and it may have a role in the
management of some children with congestive heart failure.
Noninvasive positive airway pressure eliminates the need for insertion
of an advanced airway and avoids potential related complications.
Methods of applying noninvasive positive airway pressure are
• continuous positive airway pressure (CPAP)
• bilevel positive airway pressure (BiPAP)

CPAP
Summary

CPAP is a form of ventilatory support that maintains constant positive
airway pressure, typically 5 to 10 cm H2O, throughout the respiratory
cycle. The patient controls breathing rate, tidal volume, and inspiratory
time.
CPAP
• improves oxygenation and ventilation (ie, maintains large airway
caliber and improves alveolar recruitment and lung volumes)
• decreases work of breathing
• may maintain adequate airway patency and oxygenation without the
need for assisted ventilation

Indications
for CPAP

CPAP improves gas exchange by opposing the forces that cause
dynamic airway collapse in the setting of upper airway obstruction
(Figure 18). CPAP is particularly helpful in patients with alveolar
collapse, reduced lung compliance, hypoxemia, and tachypnea. CPAP
is most often used in children with tracheomalacia, obstructive sleep
apnea, restrictive lung disease, cardiogenic pulmonary edema,
postoperative atelectasis, and neuromuscular disease. In neonates
nasal CPAP is used in the treatment of a variety of respiratory
conditions, including apnea of prematurity and respiratory distress
syndrome.
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Adverse
Effects of
CPAP

Complications with CPAP are uncommon. Most problems are
associated with an excessively tight mask fit. Potential effects of CPAP
include patient anxiety, aerophagia, gastric distention, ineffective
cough, aspiration of regurgitated gastric contents, hypotension,
barotrauma, hypoventilation, and facial skin erosion.

CPAP
Technique

CPAP is typically delivered by mask or nasal device.
Mask CPAP
Mask CPAP54 is applied with a transparent, lightweight mask. The
mask fit should not be airtight; a small leak is more comfortable for the
patient and is associated with fewer complications. Most devices are
designed to function with a leak.
The CPAP flow delivery device should
• provide high flows (ie, exceeding twice the minute ventilation)
• have an adjustable inspired oxygen concentration
• maintain constant CPAP levels regardless of the flow through the
threshold resistor valves
During mask CPAP it is crucial to monitor the patient’s response,
particularly level of comfort, respiratory rate, and oxygen saturation
(SpO2). The patient who is benefiting from mask CPAP usually
appears comfortable with an observed decrease in respiratory rate
and improvement in aeration. Pulse oximetry is helpful in titrating the
inspired oxygen concentration.
CPAP can be delivered manually with a flow-inflating bag. Selfinflating bags equipped with PEEP valves should not be used to
provide CPAP during spontaneous breathing because high negative
inspiratory pressure are required to open the outlet valve.
Nasal CPAP
Nasal CPAP54 is commonly delivered by single and double (binasal)
prongs. These prongs are available in both short (nasal) and long
(nasopharyngeal) forms. Nasal masks have been developed that
deliver CPAP effectively while causing minimal nasal trauma.
Nasal cannulae with an outer diameter of 3 mm and flows up to 2
L/min have been reported to deliver CPAP. Delivery of effective

© 2006 American Heart Association

72

pressures with nasal cannulae can be challenging because low flow
rates and leaks between the cannulae and the nasal passages make it
difficult to maintain the CPAP.

BiPAP
BiPAP is a form of noninvasive positive-pressure ventilation
characterized by variable pressure during each breath cycle. In some
systems airway pressure drops to facilitate exhalation but rises again
during inspiration. Others are not synchronized with respiratory effort.
BiPAP is usually delivered by face mask, but some systems are
functional with a nasal mask. As with CPAP the patient who receives
BiPAP should be breathing spontaneously, and you should control
rate, tidal volume, and inspiratory time.

Summary

BiPAP differs from CPAP in the following ways:
• Rather than the single (constant) airway pressure that is maintained
during CPAP, in BiPAP airway pressures during expiration and
inspiration can be set independently to better reduce the work of
breathing.
• Higher airway pressures during inspiration can support effective
inspiration and ventilation, with lower end-expiratory pressures used
to produce the effects of PEEP (see below). The sensitivity to the
patient’s inspiratory effort can be adjusted.

Positive End-Expiratory Pressure (PEEP)
Introduction

Positive end-expiratory pressure (PEEP) is an adjunct to ventilation
produced by maintaining positive airway pressure, typically 5 to 10 cm
H2O, during the expiratory phase of the ventilator cycle or during
ventilation with a ventilator bag. The effects of PEEP include
• increase in functional residual capacity
• decrease in total airway resistance
• increase in dynamic lung compliance
• improvement in oxygenation
The beneficial effects of PEEP are associated with recruitment of
alveoli and prevention of alveolar collapse, resulting in improved
oxygenation and decreased work of breathing.
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Indications
for PEEP

PEEP is often used to correct inadequate oxygenation characterized
by atelectasis, pulmonary edema, decreased functional residual
capacity, and ventilation-perfusion abnormalities.

Figure 18. A, Upper airway obstruction caused by laryngospasm or mechanical
obstruction (eg, croup) results in dynamic collapse of the extrathoracic trachea
(green arrows) during inspiration. B, Application of approximately 10 cm H2O positive
end-expiratory pressure (PEEP) during spontaneous breathing often relieves
obstruction (arrows) by keeping the airway patent. If this simple maneuver does not
relieve obstruction, positive pressure ventilation may be necessary. Reproduced with
permission from Coté CJ. Pediatric anesthesia. In: Miller RD, ed. Anesthesia. 3rd ed.
New York, NY: Churchill Livingstone; 1990:911

Adverse
Effects of
PEEP

The effect of PEEP on cardiac output is determined by the level of
applied pressure, the patient’s preload and lung compliance, and other
aspects of the patient’s underlying pulmonary function. High levels of
PEEP may cause reduced cardiac output due to increase in
intrathoracic pressure with subsequent decrease in venous return.
PEEP can also distort the geometry of the left ventricle. Other adverse
effects of PEEP include possible barotrauma and elevation of ICP.

PEEP
Technique

PEEP may be administered during mechanical ventilation or
noninvasively during bag-mask ventilation. PEEP can be provided with
either a flow-inflating bag or with a self-inflating bag by adding a
spring-loaded ball or disk or a magnetic-disk PEEP valve to the bagmask device.

© 2006 American Heart Association

74

References
1.

2.

3.
4.
5.
6.
7.
8.

9.

10.

11.

12.

13.
14.

15.
16.

17.

Hudgel DW, Hendricks C. Palate and hypopharynx--sites of inspiratory
narrowing of the upper airway during sleep. Am Rev Respir Dis.
1988;138(6):1542-1547.
Abernethy LJ, Allan PL, Drummond GB. Ultrasound assessment of the
position of the tongue during induction of anaesthesia. Br J Anaesth.
1990;65(6):744-748.
Roth B, Magnusson J, Johansson I, et al. Jaw lift: a simple and effective
method to open the airway in children. Resuscitation. 1998;39(3):171-174.
Finer NN, Barrington KJ, Al-Fadley F, et al. Limitations of self-inflating
resuscitators. Pediatrics. 1986;77(3):417-420.
Davis HW, Gartner JC, Galvis AG, et al. Acute upper airway obstruction:
croup and epiglottitis. Pediatr Clin North Am. 1981;28(4):859-880.
McPherson S. Respiratory Therapy Equipment. 3rd ed. St. Louis, MO: CV
Mosby Co; 1985.
Hirschman AM, Kravath RE. Venting vs ventilating. A danger of manual
resuscitation bags. Chest. 1982;82(3):369-370.
Mondolfi AA, Grenier BM, Thompson JE, et al. Comparison of self-inflating
bags with anesthesia bags for bag-mask ventilation in the pediatric
emergency department. Pediatr Emerg Care. 1997;13(5):312-316.
Dorsch JA, Dorsch SE. Understanding Anesthesia Equipment:
Construction, Care, and Complications. 2nd ed. Baltimore, MD: Williams &
Wilkins, Co.; 1984.
Terndrup TE, Kanter RK, Cherry RA. A comparison of infant ventilation
methods performed by prehospital personnel. Ann Emerg Med.
1989;18(6):607-611.
Jesudian MC, Harrison RR, Keenan RL, et al. Bag-valve−mask ventilation;
two rescuers are better than one: preliminary report. Crit Care Med.
1985;13(2):122-123.
Salem MR, Wong AY, Mani M, et al. Efficacy of cricoid pressure in
preventing gastric inflation during bag- mask ventilation in pediatric
patients. Anesthesiology. 1974;40(1):96-98.
Sellick BA. Cricoid pressure to control regurgitation of stomach contents
during induction of anaesthesia. Lancet. 1961;2:404-406.
Moynihan RJ, Brock-Utne JG, Archer JH, et al. The effect of cricoid
pressure on preventing gastric insufflation in infants and children.
Anesthesiology. 1993;78(4):652-656.
Hartsilver EL, Vanner RG. Airway obstruction with cricoid pressure.
Anaesthesia. 2000;55(3):208-211.
Gausche M, Lewis RJ, Stratton SJ, et al. Effect of out-of-hospital pediatric
endotracheal intubation on survival and neurological outcome: a controlled
clinical trial. JAMA. 2000;283(6):783-790.
Sirbaugh PE, Pepe PE, Shook JE, et al. A prospective, population-based
study of the demographics, epidemiology, management, and outcome of
out-of-hospital pediatric cardiopulmonary arrest [published correction

© 2006 American Heart Association

75

18.
19.

20.
21.

22.

23.

24.

25.
26.

27.

28.
29.
30.

31.

32.

appears in Ann Emerg Med. 1999;33:358]. Ann Emerg Med.
1999;33(2):174-184.
Thomas SH, Harrison T, Wedel SK. Flight crew airway management in
four settings: a six-year review. Prehosp Emerg Care. 1999;3(4):310-315.
Sing RF, Rotondo MF, Zonies DH, et al. Rapid sequence induction for
intubation by an aeromedical transport team: a critical analysis. Am J
Emerg Med. 1998;16(6):598-602.
Deakers TW, Reynolds G, Stretton M, et al. Cuffed endotracheal tubes in
pediatric intensive care. J Pediatr. 1994;125(1):57-62.
Khine HH, Corddry DH, Kettrick RG, et al. Comparison of cuffed and
uncuffed endotracheal tubes in young children during general anesthesia.
Anesthesiology. 1997;86(3):627-631; discussion 627A.
Newth CJ, Rachman B, Patel N, et al. The use of cuffed versus uncuffed
endotracheal tubes in pediatric intensive care. J Pediatr. 2004;144(3):333337.
Parwani V, Hahn IH, Hsu B, et al. Experienced Emergency Physicians
Cannot Safely or Accurately Inflate Endotracheal Tube Cuffs or Estimate
Endotracheal Tube Cuff Pressure Using Standard Technique. Acad
Emerg Med. 2004;11(5):490-491.
King BR, Baker MD, Braitman LE, et al. Endotracheal tube selection in
children: a comparison of four methods. Ann Emerg Med. 1993;22(3):530534.
van den Berg AA, Mphanza T. Choice of tracheal tube size for children:
finger size or age-related formula? Anaesthesia. Jul 1997;52(7):701-703.
Luten RC, Wears RL, Broselow J, et al. Length-based endotracheal tube
and emergency equipment in pediatrics. Ann Emerg Med. 1992;21(8):900904.
Gerardi MJ, Sacchetti AD, Cantor RM, et al. Rapid-sequence intubation of
the pediatric patient. Pediatric Emergency Medicine Committee of the
American College of Emergency Physicians. Ann Emerg Med.
1996;28(1):55-74.
Westhorpe RN. The position of the larynx in children and its relationship to
the ease of intubation. Anaesth Intensive Care. 1987;15(4):384-388.
Donn SM, Kuhns LR. Mechanism of endotracheal tube movement with
change of head position in the neonate. Pediatr Radiol. 1980;9(1):37-40.
Hartrey R, Kestin IG. Movement of oral and nasal tracheal tubes as a
result of changes in head and neck position. Anaesthesia. 1995;50(8):682687.
Andersen KH, Schultz-Lebahn T. Oesophageal intubation can be
undetected by auscultation of the chest. Acta Anaesthesiol Scand.
1994;38(6):580-582.
Bhende MS, Thompson AE, Orr RA. Utility of an end-tidal carbon dioxide
detector during stabilization and transport of critically ill children.
Pediatrics. 1992;89(pt 1)(6):1042-1044.

© 2006 American Heart Association

76

33.

34.

35.

36.

37.

38.
39.
40.

41.

42.
43.

44.
45.
46.

47.

48.

49.

Bhende MS, Thompson AE, Cook DR, et al. Validity of a disposable endtidal CO2 detector in verifying endotracheal tube placement in infants and
children. Ann Emerg Med. 1992;21(2):142-145.
Ornato JP, Shipley JB, Racht EM, et al. Multicenter study of a portable,
hand-size, colorimetric end-tidal carbon dioxide detection device. Ann
Emerg Med. 1992;21(5):518-523.
Bhende MS, Karasic DG, Menegazzi JJ. Evaluation of an end-tidal CO2
detector during cardiopulmonary resuscitation in a canine model for
pediatric cardiac arrest. Pediatr Emerg Care. 1995;11(6):365-368.
Cantineau JP, Merckx P, Lambert Y, et al. Effect of epinephrine on endtidal carbon dioxide pressure during prehospital cardiopulmonary
resuscitation. Am J Emerg Med. 1994;12(3):267-270.
Ward KR, Yealy DM. End-tidal carbon dioxide monitoring in emergency
medicine. Part 2: Clinical applications. Acad Emerg Med. 1998;5(6):637646.
Ward K, Yealy D. End-tidal carbon dioxide monitoring in emergency
medicine, Part 1: Basic principles. Acad Emerg Med. 1998;5:628-638.
Molloy EJ, Deakins K. Are carbon dioxide detectors useful in neonates?
Arch Dis Child Fetal Neonatal Ed. 2006;91(4):F295-298.
Cardoso MM, Banner MJ, Melker RJ, et al. Portable devices used to
detect endotracheal intubation during emergency situations: a review. Crit
Care Med. 1998;26(5):957-964.
Kasper CL, Deem S. The self-inflating bulb to detect esophageal
intubation during emergency airway management. Anesthesiology.
1998;88(4):898-902.
Zaleski L, Abello D, Gold MI. The esophageal detector device. Does it
work? Anesthesiology. 1993;79(2):244-247.
Bozeman WP, Hexter D, Liang HK, et al. Esophageal detector device
versus detection of end-tidal carbon dioxide level in emergency intubation.
Ann Emerg Med. 1996;27(5):595-599.
Haynes SR, Morton NS. Use of the oesophageal detector device in
children under one year of age. Anaesthesia. 1990;45(12):1067-1069.
Wee MY, Walker AK. The oesophageal detector device: an assessment
with uncuffed tubes in children. Anaesthesia. 1991;46(10):869-871.
Lang DJ, Wafai Y, Salem MR, et al. Efficacy of the self-inflating bulb in
confirming tracheal intubation in the morbidly obese. Anesthesiology.
1996;85(2):246-253.
Baraka A, Khoury PJ, Siddik SS, et al. Efficacy of the self-inflating bulb in
differentiating esophageal from tracheal intubation in the parturient
undergoing cesarean section. Anesth Analg. 1997;84(3):533-537.
Tobias JD, Lynch A, Garrett J. Alterations of end-tidal carbon dioxide
during the intrahospital transport of children. Pediatr Emerg Care.
1996;12(4):249-251.
Browning DH, Graves SA. Incidence of aspiration with endotracheal tubes
in children. J Pediatr. 1983;102(4):582-584.

© 2006 American Heart Association

77

50.
51.

52.

53.
54.

Park C, Bahk JH, Ahn WS, et al. The laryngeal mask airway in infants and
children. Can J Anaesth. 2001;48(4):413-417.
Coté CJ, Daniels AL, Connolly M, et al. Tongue oximetry in children with
extensive thermal injury: comparison with peripheral oximetry. Can J
Anaesth. 1992;39(pt 1)(5):454-457.
Zander J, Hazinski MF. Pulmonary disorders: airway obstructions. In:
Hazinski MF, ed. Nursing Care of the Critically Ill Child. St. Louis, MO:
Mosby−Year Book; 1992.
Bigatello LM, Patroniti N, Sangalli F. Permissive hypercapnia. Curr Opin
Crit Care. 2001;7(1):34-40.
Locke RG, Wolfson MR, Shaffer TH, et al. Inadvertent administration of
positive end-distending pressure during nasal cannula flow. Pediatrics.
1993;91(1):135-138.

© 2006 American Heart Association

78

