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Use a T-piece
to deliver
aerosol to
patients with
an artificial
airway
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al pressure of gas around the jet to draw solu-
tion up the capillary tube, from which it is
blasted into particles by the gas jet. The par-
ticles then strike a baffle, which causes larger
particles to drop out or to fragment into
smaller ones.

Most nondisposable aerosol systems offer
fixed inspired oxygen fractions (eg, 40%, 60%,
and 100%), whereas most disposable units
provide a spectrum (21% to 100%) by varying
the size of the entrainment port. As a collar is
turned, the size of the entrainment port is
decreased and the inspired oxygen fraction is
increased.

Although it was once common practice to
use two aerosol units in tandem when high
flow and an inspired oxygen fraction greater
than 60% were needed, work by Faust et al®
has demonstrated that this method delivers
lower flow rates than expected. Thus, the cur-
rently recommended method of delivering an
inspired oxygen fraction of 60% or greater is to
use a high-flow, large-volume humidifier
rather than an aerosol system.

A jet nebulizer is similar to the Venturi
mask in that as the set inspired oxygen frac-
tion is increased (by decreasing the size of the
entrainment port), the amount of room air
drawn into the mask is decreased—and so the
total amount of gas delivered to the patient
also decreases.

Therefore, a patient’s inspiratory demand
may exceed the flow available from the
aerosol unit, and the patient may breathe in so
hard that room air may leak underneath the
aerosol mask or tent. Thus, as noted above, for
patients who require high flow and a high
inspired oxygen fraction, a large-volume,
high-flow humidifier system is more effective
than an aerosol system.

The aerosol reaches the patient by one of
several interfaces.

The aerosol mask, made of vinyl, has a
22-mm connector to attach the large-bore
corrugated tubing from the nebulizer. There
are two holes in the mask for exhalation and
escape of excess flow. The face mask may be
used for a spontaneously breathing patient
without an artificial airway.

A face tent may be used instead of a full-
face aerosol mask for patients who are uncom-
fortable having both their mouth and nose
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covered. The face tent fits under the chin and
is open above the nose. It is also made of vinyl
and has a 22-mm connector for aerosol tubing.
When using an aerosol mask or face tent, the
actual concentration of oxygen delivered to
the hypopharynx may be far lower than that
leaving the end of the aerosol tube.9-11

A T-piece is commonly used to deliver
aerosol to patients with an artificial airway
such as an oral or nasal endotracheal tube or a
tracheostomy tube. A reservoir tube between
6 and 18 inches in length may be added; an
adequate aerosol flow rate should be main-
tained so that a continuous stream of aerosol is
observed exiting from the reservoir during
inspiration, thereby assuring that the patient
is not rebreathing carbon dioxide and is
receiving the entire inhaled volume from the
aerosol. If carbon dioxide retention does
occur, the reservoir should be shortened or
removed. A disadvantage of the T-piece is that
it connects directly to the tracheostomy tube
and may pull, causing irritation and decannu-
lation.

Tracheostomy collar or mask. If a patient
with a tracheostomy can tolerate small varia-
tions in inspired oxygen fraction, a tracheosto-
my collar or mask is preferred. The tracheosto-
my mask is made of vinyl and has a swiveled
22-mm adapter for aerosol tubing. Whereas the
T-piece connects directly to the tracheostomy
tube and may cause irritation or decannula-
tion, the tracheostomy mask fits over the tra-
cheostomy tube but may not contact it.
Though the tracheostomy mask decreases
torque on the tracheostomy tube, it is easily
displaced from the neck site.

Large-volume jet nebulizers may be
unheated or heated; the latter is preferred
when secretions are thick and extra humidifi-
cation is desired. The aerosol output of
unheated nebulizers ranges from 5.6 to 7.0
L/minute, and the output of heated nebulizers
is greater. The heaters generally slip over the
neck of the nebulizer and heat only a small
portion of the solution just before nebuliza-
tion. These units are generally left unheated
when used with a face mask or tent because
patients often do not tolerate inspiring warm,
moist air. However, some patients with artifi-
cial airways require higher humidity because
the upper airway has been bypassed.
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Large-volume humidifier systems

High-flow humidifier systems can provide a
spectrum of inspired oxygen fraction values
(21% to 100%) at flow rates up to 150
L/minute, much higher than the large-volume
aerosol system. They can deliver gas that is
cool or heated via a face mask, artificial air-
way, or T-piece.

The oxygen or air-oxygen mixture is gen-
erated by dual air and oxygen flow meters, an
air-oxygen blender, or an adjustable flow gen-
erator. The gas mixture then passes through a
large-volume humidifier and on to the patient
via large-bore tubing. When attached to an
artificial airway, a 10- to 15-inch reservoir
tube is normally used to ensure that room air
is not entrained through the open port of the
T-piece. Such a system is the most accurate
and precise method of delivering an inspired
oxygen fraction of 60% or greater. It is the
preferred system for patients requiring a high
inspired oxygen fraction and high flow, and is
capable of delivering 100% oxygen at flow
rates approaching 150 L/minute.8

High-flow humidifier systems can be
modified to deliver continuous positive airway
pressure (CPAP) via mask or artificial airway.

The main drawback to such systems is the
excessive noise created as gas flows through
them at 80 to 100 L/minute. For these reasons,
patient tolerance and compliance with high-
flow systems is often low.

B AEROSOLIZED DRUG DELIVERY DEVICES

Three types of delivery devices are used most
often to deliver medications to the lower res-
piratory tract in adults:

¢ Small-volume nebulizers.

® Metered-dose inhalers.

® Dry powder inhalers.

All these devices generate particles with a
median diameter of 2 to 5 um.!2-14 pGure 2 lists
the advantages and disadvantages of each of
the aerosol drug delivery devices.

Small-volume nebulizers

A small-volume nebulizer is a jet nebulizer
powered by a compressed gas source and pro-
duces an aerosol much like the large-volume
aerosol system previously described. Small-
volume nebulizers, sometimes called hand-
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held nebulizers, all have basically the same
features: a 5- to 30-mL medication cup, a jet,
a capillary tube, a baffle, and a gas delivery
tube.

The most common interface is the
mouthpiece, with a 4- to 6-inch length of
reservoir tubing placed distal to the nebulizer
to increase the volume of aerosol available
with each inhalation. An aerosol mask may
also be used, but the patient should be
instructed to breathe through an open mouth
to minimize deposition of the drug in the nose
and nasopharynx. For patients with an artifi-
cial airway, a T-piece or tracheostomy mask
may be used.

The small-volume nebulizer should be
operated at gas flows of 6 to 8 L/minute and
with a total solution volume of about 4 mL to
optimize the volume of drug delivered.!5.16
The sides of the nebulizer should be periodi-
cally tapped until no aerosol is produced; this
minimizes the dead volume, ie, the volume of
solution that remains in the nebulizer.

The patient should inhale slowly (0.5
L/second) at normal tidal volume, and occa-
sionally take a deep inspiration and hold it for
4 to 10 seconds.!” However, even with opti-
mal technique, only about 9% to 12% of the
drug placed in the nebulizer is actually deliv-
ered to the lower respiratory tract.14.18,19

Advantages of small-volume nebulizers
include:

e Ease of administration. Once the
device is set up, aerosolized medications can
be delivered for prolonged periods with tidal
breathing.

e (Capability to aerosolize large volumes:
15 to 20 mL/hour for jet nebulizers.

e Ability to deliver medications not
available in metered-dose inhaler or dry pow-
der inhaler form.20

Disadvantages, as noted above, include
low deposition of the medication in the lung
with tidal breathing, the consequent need for
higher doses and longer administration times,
and the associated costs. In addition, there is
a risk of bacterial contamination20 if the
reservoir is not adequately cleared.

Metered-dose inhalers

Metered-dose inhalers are often preferred as a
cost-saving alternative to small-volume nebu-
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should
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B Aerosolized drug delivery systems:
Advantages and disadvantages

High doses possible
(even continuous doses)

No chlorofluorocarbon
release

DISADVANTAGES

Expensive
Wasteful

Contamination is possible
if not carefully cleaned

Pressurized gas source
required

More time required
for medication delivery

Patient coordination
required

Patient activation
required

Results in pharyngeal
deposition

Potential for abuse
Difficult to deliver high

Releases chlorofluoro-
carbons

Less portable than the
simple metered-dose
inhaler
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required Inexpensive required coordination

required

Breath-holding not
required

No chlorofluoro-
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Requires high
inspiratory flow

Most units are
single-dose

Can result in
pharyngeal
deposition

Not all medications

doses

Not all medications
available

available

Difficult to deliver
high doses

FIGURE 2
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lizers.2l' A’ metered-dose inhaler is a pressur-
ized canister that contains a medication and
propellant. Actuation of the metered-dose
inhaler releases a prescribed quantity of med-
ication in a volume of inert gas. Average
deposition in the lungs is 10% to 25% of the
total dose.22:23

Proper technique for using a metered-dose
inhaler is essential to ensure drug delivery and
requires both ample instruction by the care-
giver and a return demonstration by the
patient, to confirm that he or she can use the
device correctly.24.25

The device should be held before an open
mouth and actuated near the beginning of a
complete slow inspiration from functional
residual capacity. Such slow inspiration helps
to maintain a more laminar flow and, there-
fore, deeper particle deposition. Ideally, the
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inspiration should be held approximately 4 to
10 seconds to aid particle deposition.

The bronchodilatation that follows the
initial actuation can augment the effect of
later actuations. Ideally, an interval of 3 to 10
minutes should separate successive actuations,
but a 1-minute interval is generally more prac-
tical.26-28

One limitation of the metered-dose
inhaler is the difficulty patients—particularly
children—have in achieving the hand-breath
coordination required for ideal technique.
Also, the high velocity with which the parti-
cles exit the metered-dose inhaler cause
impaction on the mouth and oropharynx, pre-
disposing to thrush when corticosteroids are
delivered.

Spacer devices. A spacer device for use
with metered-dose inhalers is a holding cham-
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ber with a one-way valve designed to optimize
drug delivery. Many different types of com-
mercial spacers are available. Deposition of
the aerosolized medication via the metered-
dose inhaler into the spacer allows large parti-
cles to impact and evaporate, thereby reducing
particle size, enhancing delivery to the lower
airway, and lessening pharyngeal impaction.
For this reason, spacers are recommended for
use with metered-dose inhaler delivery of cor-
ticosteroids. The spacer also eliminates the
need for the patient to coordinate actuation
and inhalation.?4 The mouthpiece should be
placed in the mouth with the lips tightly
sealed around it. Then the patient exhales
fully into the spacer. The inhaler may then be
activated any time before the patient begins a
slow, deep inspiration.

Advantages of metered-dose inhalers
include shorter treatment times, lower cost,
and greater convenience compared with
small-volume nebulizers.

Disadvantages include patient difficulty
coordinating taking a deep breath while acti-
vating the inhaler when not using the spacer
device, and the use of chlorofluorocarbons as
propellants, though manufacturers are gradu-
ally adopting propellants free of chlorofluoro-
carbons.

Dry powder inhalers

Dry powder inhalers are breath-actuated
devices that use a gelatin capsule containing a
single dose of medication and a carrier sub-
stance to assist dispersion of the drug. The
capsule is inserted into the device and punc-
tured. The patient then places the inhaler in
the mouth and inhales rapidly (at a rate faster
than 60 L/minute) through the device, which
disperses the dry particles and draws them into
the lower airways. Inhalation is repeated until
the capsule is empty.

Advantages. No breath-holding is neces-
sary. Because the dry powder inhaler is breath-
actuated, no hand-breath coordination is
needed. Also, unlike metered-dose inhalers,
dry powder inhalers do not require chlorofluo-
rocarbon propellants.

Disadvantages. As with metered-dose
inhalers, dry powder inhalers allow substantial
oropharyngeal impaction. One additional
issue with dry powder inhaler devices is the
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need to insert the gelatin capsule, which can
pose difficulty for patients with poor dexterity,
such as those with arthritis. Also, airway irri-
tation from the dry powder and reactions to
lactose or glucose carriers have been
described.22.29 Currently, only cromolyn sodi-
um and albuterol are available as dry powder
inhalers in the United States.

In recommending aerosolized drug deliv-
ery devices, the clinician must choose the
device that best meets the patient’s needs. In
general, however, the metered-dose inhaler
with a spacer device should be the first choice
for aerosolizing medications in cooperative
adult patients on the grounds of convenience,
cost, and effectiveness. &3
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