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ABSTRACT

nebulization, nebulizer

Inhalation therapy is the cornerstone of chronic obstructive pulmonary disease (COPD) management. However, for many
COPD patients who are managed at home, nebulization therapy offers an effective alternative treatment and fulfills the
gap of catering to the specific population of patients who are unable to use handheld inhaler devices appropriately. The
present review highlights key aspects, namely selection of the right beneficiaries for home nebulization, available drugs
in nebulized formulations for the treatment of COPD, and the importance of care, cleaning, and maintenance, which are
prerequisites for ensuring successful nebulization therapy.
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INTRODUCTION

Inhalation therapy is the cornerstone in the treatment of
obstructive airway diseases, especially chronic obstructive
pulmonary disease (COPD).!"! Interestingly, with increase
in the burden of respiratory diseases, there has also been
an increase in the number and types of available inhalation
devices for treating these diseases in the past few years.!"
More importantly, what differs in each type of device is
the technology used for aerosol generation and hence the
technique that a patient needs to employ for optimal drug
delivery. Data suggest that all devices are nearly similar in
their efficacy when used appropriately.[*? However, many
real-world studies have highlighted the crucial role of the
patient’s ability to use the device correctly in governing
optimal drug delivery to the lungs and thereby disease
control.B7
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Of all inhalation devices including pressurized
metered-dose inhalers (pMDIs), dry powder inhalers (DPIs),
and breath-actuated inhalers, nebulizers are considered the
easiest to use, requiring minimal cognitive abilities and
virtually no actuation-inhalation coordination, manual
dexterity, or hand strength.# Recent technological
advances have made nebulizers more portable and
patient-friendly. Moreover, there is a wide availability
of different classes of drugs such as long-acting
beta2-agonists (LABAs), long-acting muscarinic receptor
antagonists, steroids, mucolytics, and antibiotics in
nebulized formulations. These factors have expanded
the scope for the use of nebulizers from acute settings
at clinics or hospitals to the homes of patients. Market
analysis data and available literature show that nebulizers
are now increasingly being used at home, especially by
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elderly patients with COPD, thus making it imperative
to understand their scope and implications in the
current context. Nebulizers, when prescribed for home
use, need more careful deliberation and observation as
the patients using them are unsupervised unlike when
used in the clinics or hospitals. Although there is no
dearth of literature available on nebulization therapy in
general, a comprehensive review on maintenance home
nebulization for patients with COPD is lacking and hence
warranted. The term “maintenance nebulization” has been
theoretically referred to as chronic use of nebulization
therapy at home for more than 3 weeks at home, whereas
the term “home nebulization” is an umbrella term that
refers to even a short-term use of nebulizers.['%

The objective of this article is to review key aspects of home
nebulization for maintenance therapy in COPD patients,
which are as follows: (a) selecting the right patient; (b)
perceptions of COPD patients and caregivers on home use
of nebulizers; (c) drugs used and approved for nebulization
therapy in COPD patients; (d) factors that determine
the choice of nebulizers and accessories, and (e) care,
cleaning, and maintenance of nebulizers. This review
will potentially assist physicians in selecting and guiding
COPD patients in the effective long-term management of
the disease using the home nebulization strategy.

SELECTING THE RIGHT PATIENT

COPD patients often have age-related or disease-related
comorbidities, which make the use of handheld,
breath-reliant inhalers such as a pMDI or DPI difficult,
resulting in suboptimal drug deposition to lungs.
Consequently, disease and symptom control is not
achieved.”

The 2001 European Respiratory Society (ERS) guidelines
by the ERS task force on the use of nebulizers recommend
maintenance therapy with nebulizers for home use only
after adequately ensuring failure to optimize treatment
with handheld inhalers.'Y However, in certain groups
of COPD patients, nebulizers can be particularly useful.
A review by Dhand et al. describes various clinical
scenarios where maintenance therapy with nebulization
is the most appropriate choice of treatment for elderly
patients with COPD [Table 1].

Key patient-related factors include the following.

Suboptimal peak inspiratory flow rate

Normally, forced expiratory volume in 1 s (FEV ) decreases
at the rate of 25-30 mL/year from the age of 35-40 years,
and the decrease can be up to 60 ml/year after 70 years of
age.l" In COPD, the rate of decline in FEV is accelerated
and depends on the severity of the disease.*® Such a
decrease in lung function impacts the patient’s ability to
generate an adequate inspiratory capacity and use inhaler
devices efficiently, especially DPIs.
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Table 1: Clinical scenarios where maintenance treatment
with nebulizers is most appropriate in elderly chronic
obstructive pulmonary disease patients

1. Cognitive impairment of the patient due to age or comorbidity

2. Reduced manual dexterity due to age or comorbidity

3. Patients with muscle weakness or pain due to neuromuscular
comorbidity

4. Patients unable to use any handheld inhaler despite repeated instruction
and training

5. Patients who cannot generate adequate PIFR, particularly after a
debilitating hospitalization

6. Patients who are inadequately controlled by a pMDI or DPI or who need
high doses of medication

PIFR: Peak inspiratory flow rate, pMDI: Pressurized metered-dose
inhalers, DPI: Dry powder inhalers

Many studies have correlated suboptimal peak inspiratory
flow rates (PIFRs) with increasing age, female gender,
exacerbation and postexacerbation condition, and shorter
height.["*18 A recent study performed on 66 outpatients
with stable COPD showed that 40% of the patients were
unable to achieve optimal inspiratory airflow with his or
her own device," underlining the importance of assessing
PIFR to optimize therapy in COPD patients.

In a retrospective study done by Loh et al. that examined
PIFR in 123 patients admitted with an acute exacerbation
of COPD, suboptimal PIFR (PIFR <60 L/min) was present
in 52% of patients.!"® Notably, patients with suboptimal
PIFR who were discharged on nebulizers had significantly
lower rates of COPD readmission as compared with those
discharged on DPIs (<30-day readmission, 0 and 50%,
respectively; and <90-day readmissions, 17% and 70%,
respectively). Given the reduction of PIFR during COPD
exacerbations and during hospitalization, it may be
prudent to consider transition to non-DPI therapies (such as
nebulizers) during and immediately after an exacerbation.

Cognitive impairment

Cognitive impairment is characterized by common signs
such as impairment of memory, attentional, and executive
functions, which can have detrimental effects on many
aspects of patient function, health status, and the quality
of life. It has been shown to be related to lower adherence
to medical treatment and increased rates of hospitalization
and mortality in COPD.% Cognitive impairment is highly
prevalent in older patients with COPD.?*?¥ It has been
estimated that 36% of patients with COPD will present
with episodes of cognitive impairment,/*s! as compared
with 12% of individuals among the general population.?4

Muscle weakness and impaired dexterity

Reduction in muscle strength and endurance has been
reported in COPD patients. In about 40% of patients,
the exercise capacity is limited by alterations in skeletal
muscle rather than pulmonary problems. Elderly COPD
patients also may not have the adequate hand strength
required to actuate a pMDI! as their handgrip strength is
reduced.”?® Inadequate hand strength for inhaler device
manipulation may be evident in up to one-third of elderly
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patients.*”! Gray et al. found that reduced hand strength
was a significant predictor of incorrect use of pMDIs in a
group of elderly (mean age, 69.7 years) COPD patients.?¥

Recent reports also confirm a strong association between
handgrip strength measures with PIFRs,” functional
capacity,®® and fatiguel®¥ seen in COPD patients.

PERCEPTIONS OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE PATIENTS AND
CAREGIVERS ON HOME USE OF NEBULIZERS

In a study by Sharafkhaneh et al., most COPD
patients and caregivers (89% and 92%, respectively)
expressed that they were “generally satisfied with their
(or their friend’s or family member’s) current nebulized
treatment.”? Up to 80% of both patients and caregivers
reported that using a nebulizer was better than using
only an inhaler (pMDI/PDI). Both patients (79%)
and caregivers (85%) opined that the benefits of
nebulization therapy overshadowed the challenges
or inconveniences. Patients also reported that their
overall quality of life had improved since the adoption
of nebulization (75% positive response) and enabled
their caregiver to provide care (77% positive response);
caregivers reiterated the same sentiment.

Another patient survey conducted by Barta et al. reported
similar findings with respect to better control of symptoms,
independence in executing most of the chores, better
working than inhalers, increased self-confidence, and
lesser probability of going to the hospital.*! However, it
also highlighted certain disadvantages such as dependency
on the nebulizers, longer time taken for the treatment
procedure, practical restrictions to carry the nebulizers
around, and feelings of embarrassment. A few patients
also reported problems with cleaning and disinfection of
the nebulizer parts.

DRUGS USED AND APPROVED FOR
NEBULIZATION THERAPY IN CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

The nebulized drugs used in COPD fall into the different
categories, as listed in Table 2.

Studies comparing drugs administered via a nebulizer
versus a pMDI in COPD patients have demonstrated the
two routes of administration to be near similar in lung
function improvement, symptoms, and quality of life.[*+%!
Various studies have also proven the efficacy and safety
of nebulized steroids to be comparable with inhaled
corticosteroids.*®¥! In the near future, new long-acting
bronchodilators and fixed-dose combinations may be
made available in nebulized formulations, which will
be beneficial to patients who need or prefer nebulized
treatments.
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FACTORS THAT DETERMINE THE CHOICE OF
NEBULIZERS AND ACCESSORIES

There are different types of nebulizers currently available,
including jet, ultrasonic, and mesh nebulizers [Figure 1],
along with their advanced versions, all of which are based
on different principles and have their own advantages and
disadvantages [Table 3].

Jet nebulizers are either conventional or breath enhanced
or breath actuated.®® In a conventional jet nebulizer,
there is a continuous flow and generation of aerosol,
and thus, a large proportion of medication is lost during
exhalation, resulting in inefficient aerosol drug delivery
and variable dosing. In “breath-actuated’ nebulizers and
‘breath-enhanced’ nebulizers, the aerosol is generated
during the patient’s inspiratory phase, so that the patients
do not have to breath coordinate and loss of aerosol to
the surrounding is substantially minimized. Both types
of nebulizers are modifications of the “conventional”
jet nebulizers, specifically designed to improve their
efficiency by increasing the amount of aerosol delivered
to the patient with less wastage of aerosol during
exhalation.

Ultrasonic nebulizers can be small volume or large volume
and use the ultrasonic vibrations from piezoelectric
crystals to form waves in the liquid medication, which
then forms fine droplets at the surface. Ultrasonic
nebulizers operate more silently than jet nebulizers but
generate heat during operation. Furthermore, ultrasonic
nebulizers are unable to aerosolize viscous solutions such
as suspensions. 339

Mesh nebulizers can have active mesh or passive mesh,
depending on the location of the vibrating element
present. Active mesh nebulizers use a piezo element that
vibrates a precisely drilled mesh, which is in contact
with the medication, to generate an aerosol. Passive
mesh nebulizers use a transducer horn that induces
passive vibrations, which then traverse through the
medication and then to the mesh, and the medication
is forced through the mesh to produce an aerosol.
Mesh nebulizers have several advantages over other
nebulizer systems such as greater efficiency, precision
and consistency of drug delivery, silent operation, and
generally, portable.%

Nebulizers

Jet Ultrasonic Mesh

Breath-
enhanced

Breath-
actuated

Small volume Active

Standard

Large volume Passive

Figure 1: Types of nebulizers
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Table 2: Approved nebulized drugs available in India, which can be prescribed for maintenance nebulization in
obstructive airway diseases (modified from Ghoshal et al., 2017!°7)

Drug class Molecules Recommended use (in adults)*

SABA Salbutamol levosalbutamol As-needed use in OADs

LABA Arformoterol Long-term maintenance in COPD

SAMA Ipratropium bromide Long-term maintenance in COPD

LAMA Glycopyrronium bromide Long-term maintenance in COPD

SABA+SAMA Salbutamol-+ipratropium Long-term maintenance in COPD/as-needed use in maintenance
Levosalbutamol+ipratropium regimen in COPD

ICS+LABA Budesonide+formoterol Long-term maintenance in OAD

Mucolytics N-acetylcysteine ambroxol Short-term adjuvant use in OAD in case of mucus hypersecretion

*For exact indications, posology, and administration, please refer to the prescribing information available from the manufacturer of the respective
products. SABA: Short-acting beta2-agonists, LABA: Long-acting beta2-agonist, SAMA: Short-acting muscarinic antagonist, LAMA: Long-acting
muscarinic antagonist, COPD: Chronic obstructive pulmonary disease, 0ADs: Obstructive airway diseases

Table 3: Comparison between jet, ultrasonic, and mesh nebulizers (modified from Ghoshal et al., 2017!°7)

Parameters Jet

Ultrasonic

Mesh

Power source Electric/compressed gas

(i.e., oxygen)/battery

Electric/battery

Battery/electric

Principle Compressed air technology High-frequency sound waves Static/vibrating mesh
Treatment time ~10-15 min 4-10 min 1-5 min

Output rate Low Higher Highest

Cleaning After every use After several uses After every use

Cost Low High High

Can nebulize solutions,
suspensions, oils
Limited

Noisy

Drug formulations

Portability

Sound Silent

Cannot nebulize suspensions or liquids
with high viscosity/surface tension
Limited

Some cannot nebulize suspensions
with high viscosity/surface tension
Portable

Low/silent

The following characteristics should be reviewed by
the physician before advising the patients on buying a
nebulizer:?"!

¢ Adequate mass median aerodynamic diameter (MMAD)
and fine-particle fraction (FPF)/respirable fraction: The
MMAD is the median diameter of the aerosol particles
that divides the mass of aerosol by half so that 50%
mass of the aerosol particles has a bigger diameter and
the other 50% mass has a smaller diameter. The MMAD
should be in the appropriate range to ensure adequate
lung deposition. FPF is the fraction of fine-particle
dose that is respirable to the total mass of drug emitted
during nebulization
* Preferred: MMAD: ~3 microns; FPF: 75%-80%

* Nebulizer output/aerosol output (mL/min): Aerosol
output is the volume of drug aerosolized by the
nebulizer per minute. The greater the aerosol output,
the lesser will be the time taken for nebulization
e Preferred: Depends on the type of nebulizer;

generally, it is highest for mesh nebulizers,
followed by ultrasonic nebulizers, and lowest for
jet nebulizers

¢ Residual volume: Residual volume, also called as dead
volume, is the volume remaining after nebulization is
completed. The lower the residual volume, the greater
will be the fill volume delivered to the patient
e Preferred: Depends on the type of nebulizer. For

mesh nebulizers, the residual volume is 0.1-0.5 mL;
for ultrasonic and jet nebulizers, the residual
volumes are larger

e Minimal drug wastage by loss to environment
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e Preferred: In jet nebulizers, high-end versions such
as breath-enhanced, breath-assisted, or dosimetric
options ensure minimal drug wastage. In mesh
nebulizers, valved mesh nebulizers or smart
nebulizer options minimize drug wastage.

¢ Adequate flow rate velocity (velocity of compressed gas
in case of jet nebulizer) as a high velocity will increase
oropharyngeal drug deposition, and low velocity will
result in drug wastage through loss to environment

e Preferred: Generally, a flow rate of 8 L/min is
recommended

¢ Easy to use

* Preferred: Patient-friendly, easy to carry and use,

and less noisy
e Easy to clean and maintain
* Preferred: Cleaning, disinfection, and maintenance
instructions should be clear and easy to execute
e Cost to the patient
e Ergonomically designed patient interface (face mask/
mouthpiece).

* Preferred: Mouthpiece should be preferred over a
face mask. A face mask reduces the available drug
for deposition in the lungs.

The use of the mouthpiece has been shown to result in
higher aerosol delivery and better clinical outcomes versus
a face mask in terms of significant improvement in lung
function and reduced incidence of adverse events.l40-#2
Moreover, significant facial and eye deposition of aerosol
can occur with a face mask, especially when it is not
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snug fitting, which can lead to side effects.*’! Hence,
a mouthpiece should be preferred over a face mask
when administering inhaled steroids, antibiotics, or
anticholinergics. However, a face mask should be reserved
for situations in which the patient is too sick or finds it very
difficult to coordinate breathing using a mouthpiece."**

CARE, CLEANING, AND MAINTENANCE OF
NEBULIZERS

Cleaning and maintenance of the nebulizer is integral
to the success of home maintenance therapy of COPD.
The importance of cleaning, disinfection, and correct
maintenance of the nebulizer should be communicated to
the patients and the caregivers. If the nebulizer accessories
are not cleaned and disinfected regularly, it leads to
increase in the chances of infections, which can have a
profound impact on the health and lung function of the
COPD patient.*! A study performed by Della Zuana et al.
demonstrated that a one-time educational intervention (with
oral and written instructions) to the patients and caregivers
who were using nebulizers at home had a significant
positive impact on the daily maintenance and significant
reduction in the proportion of contaminated nebulizers by
439%.1491 Tt is also recommended to perform a regular check
and review of COPD patients (at least every 6 months) who
are on nebulization therapy so as to monitor the efficacy
and safety of the ongoing medication.!"!

CONCLUSION

Prescribing the appropriate inhalation therapy to COPD
patients should be based on various factors such as the
patient’s ability to use the device, patient’s lung function,
physical and cognitive skills, and individual preference.
It is common in routine practice to encounter COPD
patients who are unable to optimally use handheld
inhalers because of physical or cognitive impairments
and/or with poor lung condition. Treatment options such
as nebulization, which do not require coordination of
actuation and inhalation or an inspiratory flow threshold,
represent a promising suitable alternative in such patients.
Benefits of nebulization therapy can be optimized through
careful patient selection, prescribing the appropriate
drug regimen and nebulizer, counseling the patient and
caregivers on the disease, and regular assessment and
follow-up checks.
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