




















Figure 20. Currently available pMDI dose counters on the market

With any third-party counter, the product label and accompanying package information
tor each pMDI should be read before use and the manufacturer’s recommended doses
should be followed. When attempting to keep track of the number of puffs remaining in the
pMDI, the following steps should be taken:

Without Dose Counter: The user should:

1. Determine the number of puffs that the pMDI has when it is full.

2. Calculate how long the pMDI will last by dividing the total number of puffs in the
pMDI by the total puffs used (for a total of eight pufts per day). This canister will last
25 days (200 divided by 8=25 days). Also please remember that the medication will
run out sooner if the pMDI is used more often than planned.

3. Identify the date that the medication will run out and mark it on the canister or on
the calendar.

4.  Keep track of how many puffs of medicine administered on a daily log sheet and
subtract them to determine the amount of medication left in the pMDI.

5. Keep the daily log sheet in a convenient place such as bathroom mirror.

6. Replace the pMDI when all of the puffs have been administered.

With Dose Counter: The user should:

1. Determine how many puffs of medicine that the pMDI has when it is full.

2. Track the pMDI actuations used and determine the amount of medication left in the
pMDI by checking the counter display.

3. Learn to read the counter display. Each dose counter has a specific way of displaying
doses remaining in the canister. For example, turning red indicates that the number of
actuations is less than 20 puffs and it is time to refill the pMDI. Reading the
manufacturer’s guidelines to interpret the counter display is recommended before
its use.

4. When the last dose is dispensed, properly dispose of the pMDI.

Cleaning: Please refer to the Infection Control section on page 47 for the cleaning
instructions for inhalers.
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Metered-dose inhaler accessory devices were designed to overcome the difficulties expe-
rienced when using a pMDI and are available in difterent forms and sizes.

Advantages and Disadvantages of pMDI Inhaler Accessory Devices

The use of these devices improves the effectiveness of aerosol therapy and reduces
oropharyngeal deposition by adding volume and space between the metering valve and the
patient’s mouth. They overcome problems with hand-breath coordination. Table 13 lists both
advantages and disadvantages seen with valved holding chambers (VHCs) and spacers used
in conjunction with pMDIs.

Table 13. Advantages and disadvantages of holding chambers or spacers (“add-on” devices)
used with pMDIs (Modified, with permission, from Reference 1)

Advantages Disadvantages
Reduced oropharyngeal drug Large and cumbersome compared to the pMDI
impaction and loss alone

Increased inhaled drug by two to four More expensive and bulky than a pMDI alone
times than the pMDI alone
Allows use of the pMDI during acute =~ Some assembly may be needed
airflow obstruction with dyspnea
No drug preparation required Patient errors in firing multiple puffs into
chamber prior to inhaling or there is a delay
between actuation and inhalation
Simplifies coordination of pMDI Possible contamination with inadequate cleaning
actuation and inhalation

While the term spacer 1s used in clinical practice to refer to all types of extension add-on
devices, these devices are categorized into spacers or holding chambers (or valved holding chambers)
based on their design. A spacer is a simple tube or extension device which adds space and vol-
ume between the pMDI and mouth with no one-way valves to contain the aerosol plume
after pMDI actuation. A holding chamber (valved holding chamber) is an extension spacer
device with one-way valve(s) to contain the aerosol until inhaled, and direct exhalation away
from the aerosol in the chamber, reducing aerosol losses with poor hand-breath coordination.
In addition to the major design difference that defines spacers versus (valved) holding cham-
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bers, there are other design difterences among brands of holding chambers and spacers. Volume
may vary, although in the United States most holding chambers/spacers are less than 200 mL.
Direction of spray may vary between forward (toward the mouth) and reverse (away from the
mouth). The AeroChamber™ (Monaghan Medical Corporation) and the OptiChamber”
(Philips Respironics) are examples of forward sprays, and the OptiHaler” (Philips Respironics),
ACE® Aerosol Cloud Enhancer (Smiths Medical, Dublin, OH) and InspirEase” (Key
Pharmaceuticals, Kenilworth, NJ) are examples of reverse spray. Some holding cham-
bers/spacers accept the manufacturer’s mouthpiece-actuator (the boot), while others have a
nozzle receptacle for accepting only the canister. As examples, the ACE® and OptiHaler” have
canister nozzle receptacles, while the AeroChamber” and OptiChamber® have malleable
openings to accept the pMDI mouthpiece. While boots are designed specific to each pMDI,
the canister nozzles vary and may not fit any one specific nozzle receptacle, reducing drug
efficacy. Figure 21 shows examples of spacers and holding chambers.

S9ITAI
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Figure 21. Examples of VHCs and spacers

Spacers

The use of a spacer with pMDIs should produce at least an equivalent inhaled dose and clinical effect
to that of a correctly used pMDI alone. A spacer provides additional volume that slows the aerosol
velocity from a pMDI, allowing a reduction in particle size. Aerosol retention and discharged dose
depends on the size and shape of the spacer, and electrostatic charge on the inner walls of plastic spacers.
Spacers decrease oral deposition, but they only provide limited protection against poor hand-breath
coordination. When using a spacer, it is important for the patient to coordinate their inhalation to occur
slightly before actuating the inhaler. Spacers may be an integral part of the pMDI mouthpiece (e.g.,
Azmacort”®, Abbott Laboratories, North Chicago, IL), whereas others require removal of the inhaler can-
ister from the manufacturer’ actuator and incorporation into a special orifice on the spacer (e.g.,
InspirEase® or OptiHaler™). It is important to understand that dose delivery can be affected in some
spacer designs if the device does not fit the pMDI properly or if the design uses a special orifice or actu-
ator incorporated into the spacer itself. Occasionally; clinicians or patients construct homemade holding
chambers from plastic containers (e.g., soda bottle) or other devices (e.g., toilet paper roll). These may
function as a spacer and provide protection against reduced dose with pMDI actuation before inhalation,
but they do not protect against actuation during exhalation. Also, their performance is variable and,
hence, they should not be considered as a suitable replacement for a commercially available spacer.

Valved Holding Chambers

A valved holding chamber (VHC) has a low-resistance one-way valve that allows aerosol particles to
be contained within the chamber for a short time until an inspiratory effort opens the valve. Although
the presence of a one-way valve prevents aerosol particles from exiting the chamber until inhalation
begins, optimal aerosol dosing still depends on inhaling as close to or simultaneously with pMDI actua-
tion into the chamber. Time delays can significantly reduce the available dose for inhalation from a
VHC. The one-way valve should have a low resistance so that it opens easily with minimal inspiratory
effort.Valves placed between the chamber and the patient also act as an impaction point, further reduc-
ing oropharyngeal deposition. Ideally; there should be a signal to provide feedback if inspiratory flow is
too high. Children with low tidal volumes (less than device dead space) may need to take several
breaths from aVHC through a face mask for a single pMDI actuation. In this case, the VHC should
incorporate one-way valves for both inhalation and exhalation to decrease rebreathing and avoid blow-
ing aerosol from the chamber. AVHC with mouthpiece costs as little as $15-$20, and a static-free
device with mask can cost as much as $50-$60.
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Drug-delivery Technique

While spacers and VHCs provide many benefits for optimal drug delivery with pMDIs,
there are also potential problems with their use (Table 13). Improper technique may decrease
drug delivery or, in some cases, cause the dose to be lost. Possible causes of decreased drug
delivery include multiple actuations into the device, electrostatic charge, inhaling before actu-
ating the pMDI, or delay between actuation and inhaling the dose. In children, lack of a prop-
er mask fit, a spacer volume that is greater than tidal volume (mechanical dead space), and cry-
ing are problematic. Proper technique is provided in Technique Box 3.

Technique Box 3. Steps for Correct Use of pMDI with Spacer/VHC

Technique for pMDIs with Spacer/VHGC: The patient should be instructed to:
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9.
10.
11.

12.

Warm the pMDI canister to hand or body temperature.

Remove the mouthpiece cover and shake the inhaler thoroughly.

Prime the pMDI into the air if it is new or has not been used for several days.

Assemble the apparatus and check for foreign objects.

Keep the canister in a vertical position.

Sit up straight or stand up.

Breathe all the way out.

Follow the instructions below based on the type of device interface used:

With the mouthpiece:

a. Place the mouthpiece of the spacer between their teeth. Make sure that their tongue is
flat under the mouthpiece and does not block the pMDI and seal their lips.

b. Actuate the pMDI as she/he begins to breathe in slowly. Also make sure to inhale slowly
if the device produces a “whistle” indicating that inspiration is too rapid.

c. Move the mouthpiece away from the mouth and hold his/her breath for 10 seconds. If
she/he cannot hold their breath for 10 seconds, then hold for as long as possible.

With the mask:

d. Place the mask completely over the nose and mouth and make sure it fits firmly against
the face.

e. Hold the mask in place and actuate the pMDI as she/he begins to breathe in slowly. Also
make sure to inhale slowly if the device produces a “whistle” indicating that inspiration
is too rapid.

f. Hold the mask in place while the child takes six normal breaths (including inhalation
and exhalation), and remove the mask from the child’s face.

With the collapsing bag:

g. Open the bag to its full size. Press the pMDI canister immediately before inhalation.

h. Keep inhaling until the bag is completely collapsed.

i. Breathe in and out of the bag several times to inhale all the medication in the bag.

Wait 15-30 seconds if another puff of medicine is needed.

Repeat steps above until the dosage prescribed by the patient’s physician is reached.

If taking a corticosteroid, she/he should rinse the mouth after the last puff of medicine, spit

out the water, and not swallow it.

Replace the mouthpiece cover on the pMDI after each use.

General Steps To Avoid Reduced or No Dosing for pMDIs with Spacer/VHC: When using pMPIs
with spacer or VHC, the following steps should be taken in order to avoid reduced or no dosing
during aerosol treatment. The patient should:

1.
2.
3.

Assure proper fit of the pMDI to the spacer or VHC.
Remove cap from the pMDI boot.
Clean and reassemble the pMDI spacers and VHCs based on the manufacturers’ instructions.

Cleaning: Please refer to the Infection Control section on page 48 for cleaning
instructions for the pMDI chamber and collapsible bag device.
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Dry-powder inhalers (DPIs) are portable, inspiratory flow-driven inhalers that are used to
administer dry-powder formulations to the lungs. DPIs do not contain propellant and are
breath-actuated. The patient’s inspiratory effort, both their inspiratory flow rate and the vol-
ume inhaled, creates the energy to deaggreate the small drug particles from larger carrier
particles and disperse the particles as aerosol emitted from the device. DPIs coordinate
release of drug with the act of inhalation. They have been developed to overcome the diffi-
culties of using metered-dose inhalers and are often prescribed with the hope of providing
the patient with an overall more user-friendly and more predictable therapy.

Advantages and Disadvantages of DPIs

Dry-powder inhalers have both advantages and disadvantages as seen in Table 14. Because
they do not require hand-held coordination, the patient’s inspiratory flow should be ade-
quate enough to draw the drug from the device. It is important that the patient understands
how the DPI works and how it should be used. For example, the patient should know that
she/he should not exhale into the device. This will prevent the introduction of ambient
humidity into the mouthpiece and the resulting negative eftect to the medication. Such
precautions and others, explored in greater detail below, should be considered by clinicians
when prescribing a DPI for individual patients and when performing follow-up evaluations
of patient success with a DPI.

2]
o
O
o
!
=
5
e
Ly
O
e
>
Q
@
>
o
=

Table 14. Advantages and disadvantages of DPIs

(Modified, with permission, from Reference 1)

Advantages Disadvantages

Small and portable Dependence on patient’s inspiratory flow

Built-in dose counter Patient less aware of delivered dose

Propellant free Relatively high oropharyngeal impaction

Breath-actuated Vulnerable to ambient humidity or exhaled humidity into
mouthpiece

Short preparation and Limited range of drugs

administration time Different DPIs with different drugs

Easy for patient to confuse directions for use with other devices

Types of DPIs

Currently, DPIs can be classified into three categories based on the design of their dose
containers, i.e., single-dose DPIs, multiple unit-dose DPIs, and multiple-dose DPIs (Figure
22). While the single-dose DPIs have individually wrapped capsules that contain a single-
dose of medication, multiple unit-dose DPIs disperse individual doses that are premetered
into blisters of medication by the manufacturer. The third type, the multiple-dose DPI,
either measures the dose from a powder reservoir or uses blister strips prepared by the man-
ufacturers to deliver repeated doses. Regardless of the type of DPI, they all have the same
essential components incorporated with the inhaler. They all have a drug holder, an air inlet,
an agglomeration compartment, and a mouthpiece. The design of these components allows
DPIs to induce sufficient turbulence and particle-to-particle collision that detaches particles
from their carrier surface and deagglomerates larger particles into smaller particles.
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Single-dose DPIs

Single-dose DPIs operate by evacuating powder medication from a punctured capsule.
The Aerolizer® (Schering-Plough, Kenilworth, NJ) and the HandiHaler® (Boehringer
Ingleheim) are examples of the single-dose DPIs (Figure 22). While the Aerolizer”™ is used
for the delivery of formoterol, the HandiHaler” is utilized for the administration of tiotro-
pium bromide. Although the Aerolizer® and HandiHaler® have different configurations,
their principle of operation is similar. When using a single-dose DPI, the user places each
capsule into the drug holder. Then, the user must prime the device by piercing the single-
dose capsule and allowing entrainment of air into the device for dispersion with inhalation.
The primary disadvantage of single-dose DPIs is the time needed to load a dose for each
use. Also, patients should be instructed not to eat the capsules.

Multiple Unit-dose DPIs

The Diskhaler” (GlaxoSmithKline) is an example of the multiple unit-dose DPI. It is used
for the administration of zanamivir through a rotating wheel that contains a case with four
or eight blisters of medication. Each blister is mechanically punctured when the cover is
lifted, allowing the medication to be inhaled though the mouth. When using the
Diskhaler”, the inspiratory flow rate should be greater than 60 L/min to achieve an ade-
quate drug deposition into the lungs.

Multiple-dose DPIs

Multiple-dose DPIs measure doses from a powder reservoir or disperse individual doses
through pre-metered blister strips. The most common types of multi-dose DPIs include the
Twisthaler” (Schering-Plough), the Flexhaler™ (AstraZeneca, Wilmington, DE) and the
Diskus® (GlaxoSmithKline). The Twisthaler” is a multi-dose DPI used to deliver mometa-
sone furoate. The Flexhaler® delivers budesonide, and the Diskus® administers salmeterol,
fluticasone, or a combination of salmeterol and fluticasone.

In the Twisthaler® and the Flexhaler”, the DPI nozzle is comprised of two parts: a lower
swirl chamber and an upper chimney in the mouthpiece. Their fluted chimney designs pro-
duce a stronger vortex with an increased number of particle collisions with the chimney for
deagglomeration. When using a new Flexhaler”, it should be primed by holding it upright
and then twisting and clicking the brown grip at the bottom twice. The Twisthaler® does
not require priming before use.

The Diskus® is a multi-dose DPI that contains 60 doses of dry-powder medication indi-
vidually wrapped in blisters. The wrapping in blisters protects the drug from humidity and
other environmental factors. Sliding the dose-release lever punctures the wrapped blister on
a foil strip and prepares the dose for inhalation. When the Diskus” cover is closed, the dose
release lever is automatically returned to its starting position. As with the Twisthaler®, no
priming is necessary with the Diskus”.
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Currently Available DPI Formulations

As seen in Figure 22, the device design largely determines whether a DPI model is single
dose (loading a single dose prior to each use), multiple unit-dose (loading four or eight blis-
ters of medication), or multiple-dose (containing an entire month’s prescription).

SINGLE-DOSE DPIs MULTI UNIT-DOSE DPI
° TS,
LS VAN W)
Aerolizer® HandiHaler®” Diskhaler”

MULTI-DOSE DPIs

. ®
Twisthaler® Flexhaler® Diskus

Figure 22. Currently available dry-powder aerosol formulations
in the United States categorized by design features (see text
description of design features)

Factors Affecting the DPI Performance and Drug Delivery

Respiratory therapists and patients must actively control the following effects:

e Intrinsic Resistance and Inspiratory Flow: Each type of DPI has a difterent intrin-
sic resistance to airflow that determines how much inspiratory flow needs to be created
in the device to release the correct amount of drug. For example, the HandiHaler™ has a
higher resistance than the Diskus” and therefore requires a greater inspiratory effort.
When the patient inhales through the DPI, she/he creates an airflow with a pressure
drop between the intake and exit of the mouthpiece. Thus, the patient can lift the pow-
der from the drug reservoir, blister, or capsule depending on the model being used. The
patient’s inspiratory eftort is also important in its deaggregating of the powder into finer
particles. Whereas higher inspiratory flows improve drug deaggregation, fine-particle

production, and lung delivery, excessive inspiratory flow can increase impaction on the
oral cavity and thus decrease total lung deposition.

e The Patient’s Inspiratory Flow Ability: DPIs depend on the patient’s ability to cre-
ate adequate inspiratory flows.Very young children and patients with acute airflow
obstruction due to asthma or COPD may not be able to generate an adequate inspirato-
ry flow when using the DPI. Because very low inspiratory flows result in reduced drug
delivery, especially fine-particle delivery, potential DPI patients should be evaluated for
the ability to generate a minimal inspiratory flow.
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* Exposure to Humidity and Moisture: Because all DPIs are affected by humidity and
moisture, which can cause powder clumping and reduce deaggregation and fine-particle
development during inhalation, they must be kept dry. Capsules and drug blisters generally
offer more protection from ambient humidity than a reservoir chamber containing multiple
doses for dispensing. Therefore, designs with a reservoir chamber such as the Twvisthaler”
should be protected from humidity and moisture as much as possible. Whereas it is easy to
keep the Twisthaler™ out of the bathroom, avoiding use in ambient humidity is difficult if it is
carried to the beach, kept in a house with no air conditioning, or left in a car. An alternative
DPI design or availability of the drug in a different aerosol system, such as a pMDI, might be
considered for such situations. All DPIs are also affected by exhaled air introduced into the
mouthpiece, especially after the device is cocked and loaded and when the powder is exposed.
Therefore, patients must be instructed to exhale away from the DPI prior to inhalation.

Drug-delivery Technique

Because difterent types of DPIs are available on the market, respiratory therapists should
carefully review operation instructions prior to giving aerosol therapy and certainly prior to
instructing patients in at-home use. Proper technique is provided in Technique Box 4.

Technique Box 4. Steps for Correct Use of Each Model of DPIs

Technique for Single-dose DPIs

Aerolizer®: The patient should be instructed to:
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13.
14.

15.
16.
17.

. Remove the mouthpiece cover.

. Hold the base of inhaler and twist the mouthpiece counter clockwise.
. Remove capsule from foil blister immediately before use.

. Place the capsule into the chamber in the base of the inhaler.

. Hold the base of the inhaler and turn it clockwise to close.

. Simultaneously press both buttons in order to pierce the capsule.

. Keep the head in an upright position.

. Do not exhale into the device.

. Hold the device horizontal, with the buttons on the left and right.

10.
11.
12.

Place the mouthpiece into the mouth and close lips tightly around the mouthpiece.
Breathe in rapidly and as deeply as possible.

Remove the mouthpiece from the mouth and hold your breath for 10 seconds (or as long as
comfortable).

Do not exhale into the device.

Open the chamber and examine the capsule; if there is powder remaining, repeat the
inhalation process.

After use, remove and discard the capsule. Do not store the capsule in the Aerolizer®.

Close the mouthpiece and replace the cover.

Store the device in a cool dry place.

HandiHaler®: The patient should be instructed to:

NO Ui WN -
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. Peel back the aluminum foil and remove a capsule immediately before using the HandiHaler®.
. Open the dust cap by pulling it upward.

. Open the mouthpiece.

. Place the capsule in the center chamber; it does not matter which end is placed in the chamber.
. Close the mouthpiece firmly until you hear a click; leave the dust cap open.

. Hold the HandiHaler® with the mouthpiece up.

. Press the piercing button once and release; this makes holes in the capsule and allows the

medication to be released when you breathe in.

. Exhale away from the HandiHaler®.
. Place the mouthpiece into the mouth and close lips tightly around the mouthpiece.

A Guide to Aerosol Delivery Devices for Respiratory Therapists, 2nd Edition American Association for Respiratory Care

39




40

Technique Box 4. Steps for Correct Use of Each Model of DPIs (continued)
HandiHaler®: (Continued)

10. Keep head in an upright position.

11. Breathe in at a rate sufficient to hear the capsule vibrate, until the lungs are full.

12. Remove the mouthpiece from the mouth and hold breath for 10 seconds or as long as
comfortable.

13. Exhale away from the HandiHaler®.

14. Repeat the inhalation from the HandiHaler®.

15. Open the mouthpiece, remove the used capsule, and dispose of it. Do not store capsules in
the HandiHaler®.

16. Close the mouthpiece and dust cap for storage of the HandiHaler®.

17. Store the device in a cool dry place.

Technique for the Multiple Unit-dose DPI

Diskhaler®: The patient should be instructed to:
1. Remove the cover and check that the device and mouthpiece are clean.
2. Extend tray and push ridges to remove tray.
3. Load medication disk on the rotating wheel.
4. Pull the cartridge all the way out and then push it all the way in until the medication disk is
seen in the dose indicator. This will be the first dose that will be given to the patient.
5.Keep the device flat and lift the back of the lid until it is lifted all the way up to pierce the
medication blister.
. Click back into place.
. Move the Diskhaler® away from your mouth and breathe out as much as possible.
8. Place the mouthpiece between the teeth and lips and make sure the air hole on the mouth-
piece is not covered.
9.Inhale as quickly and deeply as possible.
10. Move the Diskhaler® away from the mouth and hold breath for 10 seconds or as long as
possible.
11. Breathe out slowly.
12.If another dose is needed, pull the cartridge out all the way and then push it back in all the
way in order to move the next blister into place. Then repeat Steps 4 through 12.
13. Place the mouthpiece cover back on after the treatment. Make sure the blisters remain
sealed until inspiration in order to protect them from humidity and loss.

N O

Technique for Multiple-dose DPIs

Diskus®: The patient should be instructed to:

. Open the device.

2. Slide the lever from left to right.

3. Breathe out normally; do not exhale into the device.

4. Place the mouthpiece into the mouth and close lips tightly around the mouthpiece.
5
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.Keep device horizontal while inhaling dose with a rapid and steady flow.
.Remove the mouthpiece from the mouth and hold breath for 10 seconds or as long as
comfortable.
7.Be sure not to exhale into the device.
8. Store the device in a cool dry place.
9. Observe the counter for the number of doses remaining and replace when appropriate.

Twisthaler®: The patient should be instructed to:
1. Hold the inhaler straight up with the pink portion (the base) on the bottom.
2.Remove the cap while it is in the upright position to ensure the right dose is dispensed.
3. Hold the pink base and twist the cap in a counter-clockwise direction to remove it.
4. As the cap is lifted off, the dose counter on the base will count down by one. This action
loads the dose.
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Technique Box 4. Steps for Correct Use of Each Model of DPIs (continued)

Twisthaler®: (continued)

5.

6.
7. Place the mouthpiece into the mouth, with the mouthpiece facing toward you and close

8.
9. Remove the mouthpiece from the mouth and hold breath for five to 10 seconds or as long

10.
11.

12.
13.
14.

Make sure the indented arrow located on the white portion (directly above the pink base)
is pointing to the dose counter.
Breathe out normally — do not exhale into the device.

the lips tightly around it.
Inhale the dose with a rapid and steady flow while holding the Twisthaler® horizontal.

as possible.

Be sure not to exhale into the device.

Immediately replace the cap, turn in a clockwise direction, and gently press down until
you hear a click.

Firmly close the Twisthaler® to assure that the next dose is properly loaded.

Be sure that the arrow is in line with the dose-counter window.

Store device in cool, dry place.

Flexhaler®: The patient should be instructed to:
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9.
10.
11.
12.
13.

Twist the cover and lift it off.

Hold the Flexhaler® in the upright position (mouthpiece up) while loading a dose.

Do not hold the mouthpiece when the inhaler is loaded.

Twist the brown grip fully in one direction as far as it goes. It does not matter which way
you turn it first.

Twist it full back in the other direction as far as it goes.

Make sure to hear a click during each of the twisting movements.

Be sure not to exhale into the device.

Place the mouthpiece into your mouth, seal the mouthpiece with your lips, and inhale
deeply and forcefully through the inhaler.

Remove the inhaler from your mouth and exhale.

Make sure that you do not blow into the mouthpiece.

If more than one dose is required, repeat the steps above.

Put the cover back on the inhaler and twist it shut.

Rinse your mouth with water after each dose to reduce the risk of developing thrush. Do
not swallow the rinsing water.

General Steps To Avoid Reduced or No Dosing for DPIs: When using DPIs, the following steps
should be taken in order to avoid reduced or no dosing during aerosol treatment. The patient
should:

SO Pl g 9 [ (=

Read and follow the instructions for proper assembly.
Make sure to keep the DPI clean and dry.

Keep the DPI in proper orientation during the treatment.
Be sure to puncture the capsule or blister pack.

Do not exhale into the DPIL

Make sure to generate adequate inspiratory flow.

Track the doses remaining in the DPL

Troubleshooting: Problem with DPIs: Malfunctioning DPIs

Causes Solutions

Incorrect DPI assembly Check the assembly and reassemble, when needed.
Failure to discharge medicine Replace the unit.

Empty DPI Check the dose counter to ensure that it is not empty.

Otherwise, replace the DPI.
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ing capsules.

Dose
Container

No. of
Doses
;l;fpe of
ose Indicator

Meaning of
Dose Indicator

Flexhaler®
Reservoir

60 or 120
(‘O”

Although the indicator
counts down every time
a dose 1s loaded, it will
not move with each
individual dose but
intervals of five or so
doses.

The indicator is marked
in intervals of 10 doses,
alternating numbers and
dashes. When it 1s down
to “0,” it must be thrown
away.

How Do We Know That the DPI Is Empty?

Twisthaler®
Reservoir

30
(401”

The dose display
showing “01”indicates
the last dose of
medicine in the
Twisthaler”, and the

medicine must be
refilled.

Single-dose DPI: Single-dose DPIs such as the Aerolizer® and the HandiHaler” use a single cap-
sule for each dose, and only full capsules should be used when each dose is given. The capsule
should be inspected to assure that the full dose was taken by the patient. If there is powder remain-

ing, the capsule should be returned to the inhaler and inhalation should be repeated.®® Then, the
capsule should be disposed of after treatment. Prescription renewal should be based on the remain-

Multiple Unit-dose DPI: The Diskhaler™ is a multiple unit-dose DPI with a refill disk that con-
tains 4- or 8-unit-dose blisters.”” Because there is not a dose counter on the DPI, doses must be
tracked manually. Therefore, visual inspection will confirm use of all packets. The disk is disposed
of when all the doses have been used.

Multiple-dose DPIs: Multiple-dose DPIs historically come with integrated mechanical devices that
indicate the number of doses remaining in the inhaler.”® The devices give a particular display when the
doses are coming to an end so that a new DPI can be ordered from the pharmacist. The dose counter
of each type of multiple-dose DPI is explained in the table below.

Diskus®
Blister Strip

60
Red numbers

The numbers
turning red in the
dose display
indicates that there
are five doses left.

When the dose
window shows “0
there is no
medicine left, and
the discus should be
disposed.

”
bl

Cleaning: Please refer to the Infection Control section on page 48 for the cleaning instructions

for DPIs.
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The selection of the delivery device is very important for optimizing the results of aerosol
drug therapy. Evidence indicates that all three types of aerosol generators can be equally
effective if they are used correctly by the patient.” The criteria to select an aerosol generator
can be divided into four categories: patient-related, drug-related, device-related, and envi-
ronmental and clinical factors.

Patient-related Factors

Age, Physical, and Cognitive Ability of Patients

An aerosol generator should be selected in accord with the patient’s age, physical, and cog-
nitive ability. Age changes anatomic and physiologic factors such as airway size, respiratory
rate, and lung volume.'>** The patient’s cognitive ability to understand how and when to
use a device and drug as well as his/her physical ability and coordination in using an aerosol
generator should guide the selection of an aerosol generator.'>'*%7>7>77 Aerosol devices
have different requirements for proper use. For guidance about the device selection in
infants and pediatrics, see “Neonatal and Pediatric Aerosol Drug Delivery” on page 45.

As for adults and the elderly who cannot manage hand-held coordination or proper
inhalation technique,””*®*" pMDIs may not be a good option. Also, the inability to generate
sufficient inspiratory flow (>40-60 L/min) eliminates the use of aerosol generators such as
DPIs.”>"

Preference of Patients

Patient preference is a critical factor in the selection of an aerosol generator and the effec-
tiveness of aerosol therapy. Patients tend to use devices they prefer more regularly than
devices they dislike.”®* Therefore, the selection of an aerosol generator should be tailored
according to the patient’s needs and preferences.

Drug-related Factors

Availability of Drug

Some drug formulations are available with only one type of inhaler. If a drug can be
administered with the three types of aerosol generators, the clinician should select an aerosol
generator based on the patient’s needs and preference.®'®”” Otherwise, a drug formulation
that can be used with only a single aerosol generator dictates which aerosol generator to
choose.

Combination of Aerosol Treatments

Many patients are prescribed more than one inhaled drug. In that case, using the same
type of aerosol generator may increase the patient’s adherence to therapy while minimizing
the patient’s confusion caused by the use of different aerosol devices.*'**

Device-related Factors
Convenience of Aerosol Generator
Selecting the most convenient aerosol generator for the patient is very important to

adherence. Ease of use, treatment time, portability, cleaning, and maintenance required for
each device should guide the selection process. For example, a rescue medication needs to
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be small, light, and portable so the patient can easily have it available when needed.®””” Also,
nebulizers may be less preferable to deliver inhaled medications as they are more expensive,
require a power source, and need regular maintenance.””**® When all other factors are
equal, the most convenient device should be chosen for patients.

Durability of Aerosol Generator

A selected aerosol generator should have good durability so that it can withstand rigorous
treatment and cleaning procedures every day. Devices that require extensive cleaning are not
a good choice for patients unwilling to routinely clean and maintain the device.

Cost and Reimbursement of Aerosol Generator

[t 1s very important to select an aerosol generator that is the least out-of-pocket expense
for the patient. Patients do not use drugs and devices they cannot afford.*” As shown in
Table 3, Table 6, and Table 7, costs of aerosol generators and drug formulations vary widely.
The cost to the patient will depend on the presence and type of medical insurance they
have.”” If the “best” device/drug is not one that the patient can afford, the least costly
aerosol generator and drug combination should be identified in order to meet the patient’s
needs. Therefore, it is important to work with the patient to identify strategies to access
affordable drug/device options in order to meet their clinical needs. If all the other factors
are constant, the least costly aerosol generator and drug combination should be selected.

Environmental and Clinical Factors

When and where the aerosol therapy is required can impact device selection. For exam-
ple, therapy that is given routinely, once or twice a day, before or after bedtime does not
need to be as portable as rescue medications that may be required at anytime. Also, noisy
compressors may not be good in small homes where a late-night treatment might awaken
other members of the family. In environments where patients are in close proximity to
other people, secondhand exposure to aerosols may be a factor, and devices that limit or fil-
ter exhaled aerosol should be selected.
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Infants are not simply anatomically scaled-down adults. Therefore, acrosol drug adminis-
tration differs fundamentally in infants and children. Cognitive ability (i.e., understanding
how and when to use a device and drug) and physical ability (i.e., coordination to use that
device) as well as age-related anatomic and physiologic factors (i.e., airway size, respiratory
rate, lung volumes) create substantial challenges for effective aerosol delivery at each stage of
development.®®”"”!
lenges, they can optimize aerosol drug delivery and its therapeutic outcomes in less devel-

When respiratory therapists gain a clear understanding of these chal-

oped patients. This section explores the challenges and solutions that may optimize aerosol
drug delivery in infants and pediatrics.

Age and Physical Ability

Selection of an aerosol device is critical to successful aerosol therapy in infants and chil-
dren.”®’*”" Children under the age of three may not reliably use a mouthpiece, making
delivery via mask necessary for both nebulizers and pMDIs.”""”> Especially at low tidal vol-
umes, VHCs are the preferred method for pMDI delivery in infants and small children.”>*!
Breathing patterns, inspiratory flow rates, and tidal volumes change with age. Even healthy
children below four years of age cannot reliably generate sustained inspiratory flow rates of
60-90 L/min required for optimal use of many DPIs. Thus, the use of breath-actuated neb-

ulizers or DPIs may not be reliable in children younger than four years.”"”

Age and Cognitive Ability

The choice of aerosol device should be tailored to the patient’s age and to cognitive abili-
ty to use the device correctly. Table 15 presents the recommended ages for introducing dif-
ferent types of aerosol generators to children.®®”"”*™ Small-volume nebulizers and pMDIs
with VHCs are recommended for use with infants and children up to five years of age.”””"
Since children up to three years of age cannot use a mouthpiece, both nebulizers and
pMDIs with holding chambers should be administered via masks.*””>”* Independent of age,
a face mask should be used until the child can comfortably use a mouthpiece. A child below
five years of age may not be able to master specific breathing techniques.””’"”* With low
tidal volumes and short inspiratory times, breath-actuated nebulizers may increase inhaled
dose compared to continuous nebulization.'” However, it may take three-fold more time to
administer that dose. Also, time constraints and portability of compressor nebulizers make
them less desirable for preschool children.® It is generally accepted that the cognitive ability
to control breathing and hand/breath coordination develops by age five or six.”***”” Once

children reach age four and above, they may have a sufficient understanding of how to use a
pMDI or DPI successfully.”"”

Table 15. Age guidelines for use of aerosol delivery device types

Aerosol Generator Age

SVN with mask < 3 years
SVN with mouthpiece > 3 years
pMDI with holding chamber/spacer and mask < 4 years
pMDI with holding chamber/spacer > 4 years
Dry-powder inhaler > 4 years
Metered-dose inhaler > 5 years
Breath-actuated MDI (e.g., Autohaler™) > 5 years
Breath-actuated nebulizers > 5 years
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Aerosol Drug Delivery in Distressed or Crying Infants

Inhaled drugs should be given to infants when they are settled and breathing quietly.
Crying children receive virtually no aerosol drug to the lungs,”>”*'""'%?
inhaled dose depositing in the upper airways or pharynx, which is then swallowed.*””*!"*!%?
Therefore, it 1s essential to develop approaches that minimize distress before administering

with most of the

aerosol drugs. These approaches include, but are not limited to, playing games, comforting
babies, and providing other eftective forms of distraction. Also, aerosol drugs can be adminis-
tered while the infant is asleep as long as administration does not wake up or agitate the
infant. Although sleep breathing patterns indicated a higher lung dose in an infant-model
study,'” an in-vivo study showed that 69% of the children woke up during aerosol adminis-
tration and 75% of them were distressed.'"

Patient-device Interface

Even infants and small children can make known their preferences for specific devices.
This should be a consideration in device selection. Using a device that is preferred by the
child and parent can increase adherence, inhaled dose, and desired clinical response.

Mouthpiece or Face Mask?

Mouthpieces and face masks are commonly used for aerosol drug delivery in children
above three years of age. Studies suggest that the mouthpiece provides greater lung dose
than a standard pediatric aerosol mask'””'" and is effective in the clinical treatment of chil-
dren.'"™'"""1% Consequently, the use of mouthpieces should be encouraged, but a mask that
1s consistently used 1s better than a mouthpiece that is not.

Importance of a Closely Fitting Face Mask

A good face mask seal is a critical factor in achieving optimal drug deposition and avoid-
ing getting aerosol into eyes. Even small leaks of 0.5 ¢cm around the face mask decrease drug
inhaled by children and infants by more than 50%."”"" Initially, a small child may refuse to
use a face mask when feeling sick or irritable. However, parental education, play activities,
encouragement to hold the mask firmly against the child’s face, and close supervision can

reduce poor tolerance of face masks and improve aerosol drug delivery.

Face Mask or Blow-by?

Blow-by is the administration of aerosolized drug through the nebulization port of a neb-
ulizer that is directed toward the patient’s face. Although blow-by is a technique commonly
used for crying babies or uncooperative children, it has been documented that it is less effi-
cient compared with a face mask as aerosol drug deposition decreases significantly as the
distance from the device to the child’s face is increased. Therefore, evidence suggests blow-
by to be ineffective and use should be discouraged.”'"!"*!">

Parent and Patient Education

As children grow and their aerosol device needs to be changed, they and their care
providers should be taught the best techniques for the use and maintenance of aerosol
devices. Also, children may demonstrate poor adherence to aerosol drug delivery because
they lack the ability to use a device correctly or contrive to use it ineffectively.''*'"”
Therefore, respiratory therapists should explain the effects of medications prescribed, the
importance of aerosol therapy, and the proper use of aerosol generators to the patient and
the parent. After initial training is provided, frequent follow-up demonstration is essential to

optimize aerosol drug delivery and adherence to prescribed therapy in infants and children.
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Aerosol generators can become contaminated with pathogens from the patient, the care
provider, and the environment. The contamination of nebulizers has been documented in
patients with cystic fibrosis (CF),**** asthma,”** and immunodeficiency.''® In the absence
of infection control (IC), an aerosol generator will be contaminated and may cause bacterial
colonization in the respiratory tract.”>>*>'"” Therefore, it is essential to establish an IC
management system that will reduce nosocomial infections, length of stay in the hospital,

: - 124,119,120
and costs associated with hospitalization.

IC Management System in Aerosol Drug Delivery
Patient Education and Awareness

Patient Education: It has been documented that aerosol generators used at home are fre-
quently contaminated with bacteria.”**'*""'** Therefore, the importance of cleaning and
maintaining aerosol equipment should be emphasized in IC education programs'> with
patients and caregivers through repeated oral and written instructions.

Patient Adherence: Approximately 85% of patients with CF fail to disinfect their nebulizers
at home."”* It has been determined that, in addition to the constraints of cleaning and disin-
fecting instructions provided by the manufacturers, adherence can be influenced by personal,
socio-cultural, and psychological factors.'” Changing aerosol generators every 24 hours, using
disposable equipment with health insurance approval, and partnering with patients to increase
adherence™ can increase patient compliance to IC and minimize the risk of infection.

Cleaning and Maintenance of Aerosol Generators

Preventing Infection and Malfunction of Home Aerosol Generators

Cleaning: The cleaning instructions for the different types of aerosol generators are given
below.

*  Pressurized Metered-dose Inhalers: The plastic container of pMDIs should be cleaned at

127

least once a week!?*!'?” as shown in Table 16.

Table 16. Cleaning instructions for the pMDI and the Autohaler™

Cleaning the pMDI Cleaning the Autohaler™
Clean once a week and as needed. Clean once a week and as needed.
Look at the hole where the drug sprays out Remove the mouthpiece cover.
from the inhaler. Turn the Autohaler™ upside down.
Clean the inhaler if you see powder in or Wipe the mouthpiece with a clean dry
around the hole. cloth.
Remove the pMDI canister from the plastic Gently tap the back of the Autohaler™
container so it does not get wet. so the flap comes down and the spray
Rinse the plastic container with warm hole can be seen.
water and shake out to remove excess Clean the surface of the flap with a dry
water. cotton swab.
Dry overnight. Recap the mouthpiece and make sure
Replace the canister back inside the the lever is down.

mouthpiece and recap the mouthpiece.
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*  Metered-dose Inhalers Accessory Devices: When a spacer is used with a pMDI, it should be
cleaned before first use and then periodically cleaned based on the manufacturers’ sug-

gestions. Table 17 provides the steps that are used for cleaning the pMDI accessory

devices.

Cleaning the Chamber Device

Table 17. Cleaning Instructions for the pMDI Chamber and the Collapsible Bag Device

Cleaning the Collapsible Bag Device

Clean every two weeks and as needed.

Disassemble the device for cleaning.

Soak the spacer parts in warm water with
liquid detergent and gently shake both
pieces back and forth.

Shake out to remove excess water.

Air dry spacer parts in the vertical position
overnight.

Do not towel dry the spacer as this will
reduce dose delivery because of static
charge.

Replace the back piece on the spacer when
it is completely dry.

Clean every two weeks and as needed.
Disassemble the device for cleaning.

Remove the plastic bag assembly from the
mouthpiece.

Wash the mouthpiece with warm water.

Drip dry overnight.

Reassemble the device after it is
completely dry.

The plastic bag should not be cleaned but

should be replaced every four weeks or
as needed.

*  Dry-powder Inhaler: 1t is important to note that DPIs should not be submerged in water.
Also, they should be kept dry as moisture will decrease drug delivery. Although there is
no clear evidence about the DPI cleaning practice, each manufacturing company has
recommendations for periodic cleaning and suggests wiping the mouthpiece of the DPI
with a clean dry cloth.

*  Nebulizers: In the home, nebulizers should be cleaned after every treatment. The longer
a dirty nebulizer sits and is allowed to dry, the harder it is to thoroughly clean. Rinsing
and washing the nebulizer immediately after each treatment can go a long way in
reducing infection risk. According to the Cystic Fibrosis Foundation guidelines,'® parts
of aerosol generators should be washed with soap and hot water after each treatment
with care not to damage any parts of the aerosol generator. Table 18 provides the clean-

ing instructions for the jet nebulizer. Mesh and ultrasonic nebulizers should be cleaned
and disinfected based on the manufacturer’s recommendations. Also, it is important to
remember not to touch the mesh during the cleaning of mesh nebulizers because this
will damage the unit.
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Table 18. Cleaning Instructions for the Jet Nebulizer

Cleaning After Each Use

Cleaning Once or Twice a Week

Wash hands before handling equipment.
Disassemble parts after every treatment.

Remove the tubing from the compressor
and set it aside. The tubing should not be
washed or rinsed.

Rinse the nebulizer cup and mouthpiece

Wash hands before handling equipment.
Disassemble parts after every treatment.

Remove the tubing from the compressor
and set it aside. The tubing should not
be washed or rinsed.

Wash nebulizer parts in warm water with

with either sterile water or distilled
water.

liquid dish soap.
Disinfect the nebulizer based on the
manufacturer’s recommendations. The

nebulizer parts may be soaked in one of
the following solutions:

Shake off excess water.
Air dry on an absorbent towel.

Store the nebulizer cup in a zippered 1. One-part household bleach and 50-parts
plastic bag. water for three minutes
2. 70% isopropyl alcohol for five minutes

3. 3% hydrogen peroxide for 30 minutes

4. One-part distilled white vinegar in
three-parts hot water for one hour (not
recommended for CF patients).

Rinse parts with sterile or distilled water.

Shake off excess water and place all parts
on a clean paper towel.

Allow them to air dry completely on an
absorbent towel.

Reassemble the nebulizer and store in a
clean dry bag container.

Disinfection: Periodic disinfection and nebulizer replacement is highly recommended to
minimize contamination. Each manufacturer suggests a difterent method of disinfection for
its product. Therefore, the manufacturer’s specific instructions on disinfecting aerosol genera-
tors should be followed. It is also important to note that all solutions should be discarded
after disinfection. The varied methods for disinfection include having the patient:
1. Boil the nebulizer parts for five minutes. This disinfection process does not require a
final rinse.
2. Soak them in solution of one-part household bleach and 50-parts water for
three minutes.
3. Soak the parts in 70% isopropyl alcohol for five minutes.
Soak them in 3% hydrogen peroxide for 30 minutes.
5. Soak them in one-part distilled white vinegar in three-parts hot water for one hour
(not recommended for CF patients).

na

The patient should disinfect the nebulizer once or twice a week by using one of the
methods for disinfection listed above. Evidence suggest that a quaternary ammonium com-
pound can also be used for disinfecting jet nebulizers as it has comparable eftectiveness with
the combined disinfection procedure of a detergent pre-wash and 1.25% acetic acid soak.
Also, a quaternary ammonium compound soak need only be 10 minutes, while the acetic
acid soak should not be less than one hour. Another advantage of using the quaternary solu-
tion 1s that it can be reused for up to one week, as opposed to the acetic acid solution that
cannot be reused.'”’
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Final Rinse: The patient should use sterile water (not distilled or bottled) for the final
rinse.'* Sterile water can be made by boiling tap water for five minutes.

Drying and Maintenance: Because bacteria grow in wet moist places, nebulizers should be
thoroughly dried and stored in a clean dry place between treatments. Drying can be
enhanced by attaching gas flow to the nebulizer for a short time after it is rinsed. It has
been reported that nebulizer performance may change in time due to incorrect cleaning,
maintenance, and disinfection procedures.”’ Nebulizers must be kept from being contami-
nated by following the manufacturer’s instructions for care and cleaning. This is necessary
for all aerosol generators used for inhaled medication.

Preventing Infection and Malfunction of Aerosol Generators
at Hospitals or Clinics

Aerosol Generators: Bacterial contamination of nebulizers at the hospital has been associated
with nosocomial infections.""'** The Centers for Disease Control and Prevention (CDC)
recommends that nebulizers be cleaned, disinfected, rinsed with sterile water, and dried
between treatments.'> Also, each hospital or out-patient clinic should have an infection sur-
veillance program that can determine local IC practices based on the continuous and sys-
tematic collection, analysis, and interpretation of infection data. Nebulizers should be
changed every 24 hours."*'” If an aerosol generator is labeled “For Single Patient Use,” it
should be used on a single patient and then discarded.

Inhaled Drugs: Multi-dose drug containers have been associated with contaminated nebu-
lizers and are a potential source of spreading nosocomial infections.**"*’ Therefore, unit-
dose medications are recommended when possible.'”” Also, it is important to avoid contami-
nating drug solutions.

Infection Transmission: The transmission of infection from therapist to patient can be
reduced by therapists washing their hands with water and soap or cleaning hands with hand
sanitizers before and after treatment.'*”'*' The use of gloves should be considered an adjunct

to hand hygiene. A respiratory therapist must change gloves between patients and clean
hands affer gloves are removed due to the fact that gloves create a warm and moist environ-
ment that supports the growth of microbial contamination and, thereby, the transmission of
infection.””'** Goggles, face masks, and face shields should be used alone or in combination
to seal out airborne pathogens that therapists may inhale with aerosol drug therapy.

Compliance to IC Management System: The IC management system can be eftective only
with the practice of the dedicated and knowledgeable respiratory therapists who implement
it. Therefore, respiratory therapists should be trained appropriately in using set protocols
established by the IC management system in aerosol drug delivery.

Infection Surveillance: 1t is essential for hospitals to establish simple and sensible infection
surveillance measures to periodically evaluate the IC activities used by respiratory therapists.

Occupational Health and Safety of Respiratory Therapists

Respiratory therapists undergo not only the risk of exposure to inhaled medications but
are also faced with the risk of inhaling pathogens during aerosol therapy. The elements of
occupational health and safety for the respiratory therapist are shown below.
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Health Assessment and Immunization: Screening respiratory therapists for infection
and immunization must occur from the beginning to the end of employment.

Hand Hygiene: It has been documented that hand hygiene is effective in decreasing the
transmission of respiratory viruses.”"'*""'*"'* Health care workers who self-reported hand-
: . . . : - : 31143145

washing during patient care had a lower risk of having respiratory infections.

Protective Equipment: Respiratory therapists must have access to the appropriate person-
al protective equipment, such as masks and eye protectors, when needed.”

Ventilation System: These systems exchange room air six to 10 times per hour’' and cre-
ate a negative-pressure environment in patient rooms that is eftective in removing 99.9% of
airborne contaminants in 69 minutes.”

Filtered Nebulizers: Placing a filter on the exhalation part of a nebulizer may protect res-
piratory therapists from infection and reduce secondhand aerosol breathing in hospitals and
out-patient clinics.
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A number of problems occur with patient use of aerosol devices. Knowledge of these
problems can help the respiratory therapist better instruct patients. Understanding there are
problems with use of aerosol devices can also direct the therapist in evaluating a patient
who has poor management of airways disease. Either poor patient adherence to prescribed
aerosol therapy or errors in the use of aerosol devices can reduce the effectiveness of inhaled
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drug therapy. Both of these problem areas should be evaluated and, if possible, ruled out in a
patient who presents with poor control of their airway disease before other changes in their
disease management are initiated.

Patient Adherence

A general problem with the use of inhaled medications is patient adherence with pre-
scribed use, although this problem is not unique to inhaled drugs. “Adherence” refers to a
patient’s choice to follow prescribed therapy, whereas “compliance” implies following of
orders and passivity on the patient’s part. There are a number of ways to monitor patient
adherence with prescribed aerosol therapy such as provider interview, patient self-report,
dose counting, and electronic monitoring devices attached to the inhaler. Monitoring
devices attached to inhaler devices are considered the most accurate and objective. In one
study, diary reports from patients showed a median use of beta agonists of 78%, while data
from an electronic pMDI monitor reported only 48%.'* Therapists should be aware that
patients tend to over-report use of inhaled drugs compared to data obtained from device
monitors. Failure to adhere to prescribed therapy is categorized as “unintentional” or

“intentional” Table 19 lists both types of non-adherence with definitions and examples.'*

Table 19. General types of non-adherence to prescribed aerosol therapy and potential factors
that can predispose to each type
(Modified, with permission, from Reference 1 and Reference 125)

ts in Correct Use of Aerosol Dev

Unintentional Factors: Intentional Factors:

Not Understanding Therapy Correctly Understanding Therapy But Not
Adhering Correctly

Misunderstanding prescribed drug regimen:  Patient beliefs:

e Poor physician-patient communication * Does not really require regular

e Poor therapist-patient communication medication
e Is not really sick

Language barriers e Gain attention from parents and kept

at home (children)
e Medication too expensive
e Concern about side effects
e Perceived lack of effect from medication

1€n

Patient forgetfulness

Patient stress and busy lifestyle

Complex and demanding aerosol regimens
Psychological factors (e.g., depression)

Note that one example of unintentional non-adherence is incorrect aerosol device tech-
nique due to misunderstanding prescribed drug regimen, which can be corrected through
patient training. There is no perfect, fail-safe, error-proof inhaler on the market today. The
pMDI is recognized as a difficult inhaler for patients to use without proper training. Even
holding chambers and spacers introduced to address these issues present additional problems.
DPIs were also introduced, in part, with the rationale that their use would be simpler than

Educating Pat

[
LN}
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with a pMDIL"*""* Nebulizers are probably the simplest inhaler type for a patient to use if
we assume that assembly, proper cleaning, and maintenance is not a problem. However, there
can be problems with all types of inhaler devices. Table 20 lists the common errors and mis-

takes that can occur with each type of device.'*>'*"'*

Table 20. Common problems, disadvantages, and errors with each type of aerosol generator
(Modified, with permission, from References 1 and 126)

Pressurized Metered-dose Inhalers
Errors in technique
e Failure to coordinate pMDI actuation on inhalation
e Too short a period of breathhold after inhalation
e Too rapid an inspiratory flow rate
¢ Inadequate priming/shaking/mixing before use
e Abrupt discontinuation of inspiration as aerosol hits throat
e Actuating pMDI at total lung capacity
e Actuating pMDI prior to inhalation
e Firing pMDI multiple times during single inhalation
e Firing pMDI into mouth but inhaling through nose
e Exhaling during actuation
e Putting wrong end of inhaler in mouth
e Holding canister in the wrong position
e Failing to remove cap before use
 Excessive use of pMDI beyond rated capacity (loss of dose count)
e Failure to clean boot
e Wasting remaining doses

Lack of adequate patient training in use of pMDI

Cognitive impairment of users

Lack of adequate hand strength or flexibility to activate pMDI
Ideomotor dyspraxia

Valved Holding Chambers/Spacers
Incorrect assembly of add-on device
Failure to remove electrostatic charge in many holding chambers/spacers, which
can decrease emitted dose in new holding chamber/spacer
Lengthy delay between pMDI actuation and inhalation from holding chamber/spacer
Inhaling too rapidly
Firing multiple puffs into holding chamber/spacer before inhaling
Lack of patient instruction in assembly or use

Dry-powder Inhalers

Errors in technique

* Not holding device correctly while loading dose

e Failure to pierce or open drug package

e Using the inhaler in wrong orientation

e Failure to prime

e Exhaling through the mouthpiece

* Not exhaling to residual volume before inhaling

* Not inhaling forcefully enough

¢ Inadequate or no breath hold

e Exhaling into mouthpiece after inhaling

Use of multi-dose reservoir designs in high ambient humidity, which can reduce
fine-particle dose
Lack of patient instruction in assembly or use
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Table 20. Common problems, disadvantages, and errors with each type of aerosol generator
(continued)

Nebulizers
Failure to assemble equipment properly
Spillage of dose by tilting some nebulizers
Failure to keep mouthpiece in mouth during nebulization
Failure to mouth breathe

Common Patient Errors with pMDIs

Although hand-breath coordination with a pMDI has long been recognized as a problem,
there are a number of other potential mistakes a patient can make when using a pMDI
(Table 20). Failure to shake a pMDI before each use can interfere with correct drug release.
Failure to prime a pMDI can also affect correct drug release. A very practical problem and a
real inconvenience for users is the lack of a built-in dose counter to indicate when a pMDI
1s empty. Dose counters are commercially available, but this involves purchasing an addition-
al item. In one survey, 72% of patients said they continued to use their pMDI until there
was no sound when it was actuated.” A pMDI can continue to produce a spray with pro-
pellant and little or no drug if it is actuated after its rated capacity, whether that is 120 or
200 pufts. Therapists should instruct patients in the importance of tracking the number of
doses remaining in the pMDI (see pages 31-32).

Common Patient Errors with Holding Chambers/Spacers

Common errors that can occur with holding chambers/spacers are also listed in Table 20.
Incorrect assembly of the holding chamber/spacer is a potential problem. Many patients
mistakenly believe that pausing before inhaling from a holding chamber/spacer after the
MDI is actuated has no effect on the delivered dose. This technique can cause reduced drug
availability. The ideal technique is to place the mouthpiece between the lips and take a slow,
deep inhalation beginning when the pMDI is actuated. Available dose can also be reduced if
multiple pufts are fired into a holding chamber/spacer followed by a single inhalation.

Electrostatic charge is present on the chamber walls of a new plastic holding cham-
ber/spacer, which can be removed by pre-washing with an ionic detergent or by actuating
10-20 puffs from the pMDI through the chamber.”>'* An alternative is to purchase a non-
electrostatic holding chamber/spacer.

Common Patient Errors with DPIs

Problems have also been identified with patient use of DPIs (Table 20). Error rates,
defined as failure to correctly perform an essential step, have been shown to be similar for
pMDIs and DPIs.>* One of the unfortunate aspects of DPIs is that the models currently
available in the United States all have a somewhat different design. They look different, and
there are differences in the details of cocking and loading the DPIs.'*” One of the highest
error rates 1s failing to hold the device correctly, which is an aspect of loading and cocking
the device for use.

Common Patient Errors with SVINs

The usual problems cited with SVNs are not problems of patient use but rather general
disadvantages with this type of aerosol device (Table 20). Disadvantages include bulk and
size of equipment, need for external power source (compressed gas or electricity), and
lengthy treatment times. Of all the inhaler devices, however, nebulizers are the simplest for
patients to use. In addition, newer nebulizer technology is directed at reducing the overall
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size of devices, eliminating the need for an external power source, providing shorter treat-
ment times, and eliminating drug loss during exhalation.

Instructing and Evaluating Patients in the Use of Inhaler Devices
There is an increasing variety of aerosol devices and operation, even within the same cate-

gory of device type (e.g., DPIs). Confusion and errors of use can result. The following gen-

eral steps are recommended for clinicians to ensure correct patient use:

1. Review device instructions carefully and practice with a placebo device prior to
teaching others.

2. Demonstrate assembly and correct use of device to patients using a checklist.

3. Provide the patient with written instructions on how to use the device, and include a
written plan for use of the medication (frequency based on symptoms).

4. Have the patient practice use of the device while being observed by the clinician.

5. Review patient use of the device at each return visit.

6. Review the patient’s understanding of the inhaled medications at each return visit
(when to use, purpose of drug, prescribed frequency).

7. Have a high index of suspicion for incorrect use or non-adherence if poor management
of airway disease occurs.
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