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PROMPT DELIVERY of supplemental oxygen
that's tailored to the needs of the individual is
essential to decrease morbidity and mortality
and improve patient outcomes. Knowledge-
able and experienced bedside nurses are vital
for providing safe, effective oxygen therapy.

Oxygen can be delivered invasively or non-
invasively. Noninvasive ventilation (NIV) de-
livers ventilatory support without an artificial
airway (endotracheal or tracheostomy tube) to
patients who can breathe spontaneously. NIV
benefits include keeping the upper airway in-
tact, preserving natural airway defenses, self-
expectorating secretions, and allowing the pa-
tient to eat, drink, and communicate verbally.

This article outlines the pathophysiology
of oxygenation; describes the clinical indica-
tions, advantages, and limitations of NIV; ex-
plains the modes of oxygen delivery, flow
rates, and interfaces; and details the nursing
care necessary to maximize success. (See
Oxygenation basics.)

NIV options

The type of NIV chosen is based on the pa-
tient’s required oxygen dose, which is deter-
mined by the fraction of inspired oxygen
(FiO,) and the rate of oxygen flow (gas flow,
liters/minute [L/min]). Other decision factors
include the patient’s tolerance for the device
and interface (for example, nasal cannula or
mask). Interface options are governed by or-
ganizational resources and policies, the re-
quired amount of FiO,, and the service loca-
tion (for example, intensive care, progressive
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care, or medical/surgical unit).

Oxygen delivery devices are categorized as
low-, moderate-, and high-flow. (See Deliver-
ing oxygen.)

Low-flow

Low-flow oxygen delivery systems include
nasal cannulas, simple face masks, and non-
rebreather (NRB) masks. Flow rates for these
interfaces range between 1 to 15 L/min.

Nasal cannulas. Nasal cannulas are the
most common type of low-flow oxygen deliv-
ery system. They're an excellent choice for pa-
tients with stable respiratory patterns who re-
quire low percentages of oxygen. Because no
external oxygen reservoir is used, the upper
airway acts as the reservoir and works best if
the patient breathes through their nose.

Nasal cannula advantages include ease of
use and comfort. In addition, they allow the
patient to talk, drink, eat, stay mobile, and
self-expectorate. Oropharynx suctioning can
be performed without removing the device.
To decrease nasal dryness, humidification can
be used in flow rates greater than 3 L/min.

Nasal cannulas are ineffective in patients
with nasal obstructions, and they’re contraindi-
cated in patients with nasal trauma or surgery.

Face masks. Simple face masks are used
in patients who require short-term, higher
oxygen concentration, such as FiO, 35% to
60%. To prevent exhaled carbon dioxide ac-
cumulation within the mask, the flow rate
must be set at more than 6 L/min. Face
masks don’t have a reservoir bag; instead,
they have holes that allow room air to enter
the mask and carbon dioxide to be exhaled.
The holes also reduce the risk of suffocation
if the oxygen supply is disconnected.

The oxygen concentration delivered via
simple face mask varies by the amount of
room air that mixes with the delivered oxygen
when the patient inhales. Because of this vari-
ability, these devices aren’t commonly used in
acute-care settings; they’re more typically
used in pre-hospital settings, such as when
paramedics respond to a home emergency.

NRB masks. NRB masks have an attached
reservoir bag (600 to 1,000 mL capacity) that
allows for a higher concentration of oxygen
delivery. Before placing the mask on the pa-
tient, the reservoir bag must be inflated to
more than two-thirds full. An estimated one-
third of the air from the reservoir bag is de-
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Oxygenation basics

Oxygenation requires ventilation and respiration.

e Ventilation—the movement of air in and out of the lungs—is con-
trolled by the neurologic and musculoskeletal systems.

® Respiration—oxygen and carbon dioxide exchange in the lungs—
is controlled by the pulmonary and cardiovascular systems.

Common clinical signs of inadequate oxygenation and indications for

oxygen therapy include

® accessory muscle use

e confusion

® cyanosis

e dyspnea

® hemodynamic instability
® hypoxemia

® hypoxia

e tachycardia

e tachypnea.

pleted as the patient inhales and is then re-
placed by the flow from the oxygen supply.
The one-way valve allows exhaled air to es-
cape and prevents room air inhalation.

These low-flow masks typically are used in
patients with smoke inhalation, carbon
monoxide poisoning, and chronic airway dis-
eases and those who are severely hypoxic but
are ventilating well. They shouldn’t be used in
patients with facial trauma or who are claustro-
phobic, and caution should be used in patients
who are at risk for carbon dioxide retention,
such as those with chronic obstructive pul-
monary disease. NRB masks, which are intend-
ed for short-term use only, prevent patients
from eating, drinking, and self-expectorating.

Moderate-flow
Moderate-flow oxygen devices include the
partial rebreather mask (PRB). Their flow rates
range from 6 to 10 L/min and provide oxygen
concentrations between 60% and 90%.

PRB masks. PRB masks are similar to NRB
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Delivering oxygen

Noninvasive ventilation is administered via low-, moderate-, and high-

flow devices.

Noninvasive ventilation

device Flow rate FiO,
Low-flow oxygen delivery
Nasal cannula 1-6 L/min (every 1 L/ ~24-44%
min increase adds ~4%
FiO, above room air)
Simple face mask 6-10 L/min ~35-60%
Non-rebreather mask
(short-term therapy only) 15 L/min ~65-95%
Moderate-flow oxygen delivery
Partial non-rebreather mask 6-10 L/min ~60-90%
High-flow oxygen delivery
Venturi mask 2-15 L/min 24-60%
Blue adapter 2-4 L/min 24%
White adapter 4-6 L/min 28%
Orange adapter 6-8 L/min 31%
Yellow adapter 8-10 L/min 35%
Red adapter 10-12 L/min 40%
Green adapter 12-15 L/min 55-60%
High-flow nasal cannula 30-60 L/min 21-100%

FiO, = fraction of inspired oxygen, L/min = liters per minute
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masks but have one two-way valve. During
use, the first third of the patient’s exhaled vol-
ume fills the reservoir bag, so that with the
next breath, the exhaled gas (which is in the
reservoir bag) and the fresh gas are inhaled.
The reservoir bag must remain inflated
throughout the entire ventilatory cycle so the
appropriate FiO, is delivered and adequate
carbon dioxide escapes. PRB masks typically
are used in pre-hospital settings and during
transport because the rebreathing property of
the mask allows for oxygen conservation.

High-flow

High-flow oxygen delivery provides constant
FiO, at flow rates that meet or exceed the pa-
tient’s peak inspiratory demands and prevents
ambient air entrainment and FiO, dilution.
High-flow delivery systems include Venturi
masks and high-flow nasal cannula (HFNC).
Entrainment is based on Bernoulli’s principle,
which explains what occurs when a stream of
gas is pushed through a narrow opening. An
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air-entrainment system is powered by oxygen
(the gas source) with jet orifices on the inside
of the device and open ports on the side,
which entrain (pull in) air to add to the flow
of oxygen. When the oxygen passes through
the narrow opening, it creates negative pres-
sure, which causes ambient air to mix with
oxygen flow. The smaller the hole, the more
pressure is created, the less ambient air is en-
trained, and the higher the FiO,. Conversely,
the bigger the port opening, the more ambient
air is entrained, and the lower the FiO,.

Venturi masks. Venturi masks control the
ratio of entrained ambient air in proportion to
the amount of oxygen delivered at a high ve-
locity through a jet adaptor to allow for accu-
rate FiO,. Exhalation ports on the mask allow
carbon dioxide to escape and provide total in-
spiratory flow at a specified FiO,. The Venturi
mask kit comes with color-coded adapters that
correspond to a desired FiO, or have a rotat-
ing attachment to control the air entrainment
window. Limitations of the Venturi mask are
similar to NRB masks—they prevent patients
from eating, drinking, and self-expectorating.

HFNCs. HFNCs are similar to nasal cannu-
las, but the nasal prongs are wider and are at-
tached to a heated corrugated circuit to avoid
heat loss and condensation. The basic compo-
nents of an HENC include a flow generator, an
air-oxygen blender, and a heated humidifier.

HFNCs wash out anatomic dead space and
overcome resistance against expiratory flow,
creating positive pressure in the nasophar-
ynx. Constant high-flow oxygen delivery al-
lows for steady FiO, delivery and decreases
oxygen dilution. The flow generator provides
gas flow rates up to 60 L/min. The air-oxygen
blender achieves FiO, escalation from 21% to
100%, regardless of flow rate. The heated hu-
midifier saturates the gas mixture at 87.8° F to
98.6° F (31° C to 37° C©). These components
allow for an independent flow rate and FiO,
titration to improve functional residual capac-
ity, mucociliary clearance of secretions, and
decreased work of breathing.

Five physiologic mechanisms are believed to
be responsible for HENC efficacy: physiological
dead-space washout of waste gases, including
carbon dioxide; decreased respiratory rate; pos-
itive end-expiratory pressure; increased tidal
volume; and increased end-expiratory volume.
HFNCs reduce nasopharyngeal airway resist-
ance, which leads to improved oxygenation
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and alveolar ventilation while displacing carbon
dioxide with excess oxygen. This positive pres-
sure support dilates the nasopharyngeal airway,
reducing airway flow resistance and creating
positive-end expiratory pressure to the low-
er airways via a splinting force, which keeps
alveolar airways open during exhalation. This
splinting force improves alveoli recruitment,
and the increased surface area facilitates oxy-
gen and carbon dioxide diffusion.

HFNC advantages include decreased bron-
chospasm, reduced atelectasis, preservation of
mucosal integrity, and airway defenses with
heated humidification. In addition, patients can
eat, drink, self-expectorate, and communicate
verbally. HFNC disadvantages include cost,
special training to set up and manage the de-
vice, and decreased patient mobility compared
to other types of NIV.

Nursing implications

When caring for patients receiving NIV, nurs-
es are critical to safe use, assessment, equip-
ment set up, and patient-centered care.

Safety

Oxygen is a drug, so a provider’s order will be
required; hospital policy may govern standing
orders and protocols for initiating supplemen-
tal oxygen. Although oxygen is generally safe
and effective, it has the potential for adverse
effects if used incorrectly. The American Tho-
racic Society reports several hazards associat-
ed with oxygen therapy, including nasal dry-
ness and irritation, fire risk, oxygen toxicity,
and breathing suppression.

Because oxygen supports combustion, tanks
should be kept away from open heat sources,
including heating vents and petroleum-based
personal care products. High oxygen concen-
trations (>60% FiO,) over 24 hours can lead to
oxygen toxicity and possible permanent cellu-
lar damage. In patients with chronic hypercap-
nia, oxygen therapy can suppress the patient’s
stimulus to breathe, increasing carbon dioxide
retention and leading to acute respiratory fail-
ure. Therefore, oxygen therapy administered at
the lowest effective dose is recommended.

Assessment

In addition to the seven rights of medication
administration, delivering supplemental oxy-
gen must include these verifications: right
physiologic criteria, right equipment, and
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Patient-centered care

During supplemental oxygen delivery, you'll monitor the patient and
equipment, provide comfort care, and advocate for patient safety.

Patient and equipment monitoring

When oxygen therapy is initiated, closely monitor the patient for the

first 10 minutes and perform a quick assessment, using the ABG

mnemonic:

+ Airway (assess for work of breathing and air leak)

« Breathing (assess vital signs, patient comfort, chest symmetry,
breath sound quality, intercostal muscle use)

+ Gas exchange (monitor continuous oximetry or arterial blood
gases).

Encourage and help the patient change position frequently and to

cough and deep breathe to improve ventilation and circulation.

Correct air leaks by tightening the straps or readjusting the oxygen

device.

Nasal cannula prongs can migrate from the nostrils, so check them
frequently to ensure the patient is receiving the prescribed therapy.

Comfort care

Nasal and oral dryness are common with noninvasive ventilation (NIV).

« Frequently assess the nares, lips, and oral cavity.

+ As needed, apply a water-soluble lubricant to nostrils and lips
and swab the mouth.

To avoid skin breakdown, which can occur when tubing rubs against
the top of the ears or a mask rubs the nose or cheeks, apply a foam
dressing before attaching the device.

Keep the head of the bed at an elevation of at least 30 degrees to
improve ventilation.

Encourage the patient to take slow deep breaths to achieve maxi-
mum inhalation, which will promote optimal benefit from NIV.

Safety advocacy

Use caution with sedation and analgesics because they may de-
crease the patient’s respiratory drive.

Encourage the patient to eat small, frequent, nutritiously dense
meals to decrease oxygen demand.

When transferring the patient between units and for diagnostic test-
ing and procedures, ensure that a full tank of oxygen is available.
Patients can’t be transported with a high-flow nasal cannula, so
follow institutional policies and procedures. Typically, the patient is
placed on a non-rebreather mask during transport.
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right environment. Regardless of a patient’s
disease process, they must be able to breathe
on their own and protect their own airway to
receive NIV. The right equipment and inter-
face are imperative to optimize safe and effi-
cient oxygen delivery and ensure a good fit.
Typically, NIV with FiO, rates greater than
50% are limited to high-acuity settings such as
intensive care or progressive care units.

Perform a cardiopulmonary assessment that
includes evaluating baseline oxygen satura-
tion values and assessing arterial blood gases.
In addition, assess nostril patency and look
for signs of hypoxia (changes in level of con-
sciousness, tachycardia, arrhythmia, restless-
ness, somnolence, changes in respiratory rate
and blood pressure, clammy skin, and mot-
tling). Assess these parameters as part of mon-
itoring response to therapy as well.

Equipment set up

After the equipment is assembled, check the
connections, turn on the oxygen source, verify
the flow rate with the order, and ensure the oxy-
gen is flowing. When applying a nasal cannula,

direct the curved prongs inward and hook the
tubing behind the patient’s ears and under the
chin. When applying a face mask, place it over
the patient’s nose, mouth, and chin; then press
the flexible metal edge to fit the patient’s nose.

Patient-centered care

Nurses can take several steps to ensure pa-
tients remain at the center of care efforts, in-
cluding providing education and reassurance
to decrease patient and family anxiety, facili-
tate comfort, and improve adherence. (See
Patient-centered care.)

Positive patient outcomes

Safe and effective NIV requires nursing care
attuned to acute and subtle changes in the pa-
tient’s condition. Understanding oxygen deliv-
ery systems and the various devices and inter-
faces can help nurses ensure positive patient
outcomes. AN

Access references at myamericannurse.com/?p=74103.

Nancy M. Steffan is a nurse practitioner for the ICU service at
Suburban Hospital in Bethesda, Maryland.
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