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ABSTRACT

Background: Nebulization therapy is an essential inhalation technique for
managing obstructive airway diseases such as asthma, bronchiectasis, and
chronic obstructive pulmonary disease (COPD). In Indian clinical settings,
factors such as diverse patient populations, varying disease severity, and
healthcare accessibility influence treatment decisions. While clinicians rely
on the only available nebulization guideline, its vastness and complexity
pose challenges in practical application. Navigating these guidelines and
translating recommendations into routine practice remains difficult.
Objective: The NOVA-ER manuscript aims to develop a structured,
evidence-based, and expert-driven reference document to streamline
nebulization practices in clinical settings and provide guidance for home
nebulization.

Methods: A comprehensive review of peer-reviewed literature, clinical
guidelines, and systematic reviews was conducted using databases such as
PubMed, MEDLINE, and the Cochrane Library, with a focus on studies
published in the last ten years to ensure relevance. Additionally, expert
opinions were gathered through a structured panel discussion involving
specialists in respiratory medicine. A predefined set of questions guided
these discussions, and clinical feedback was incorporated to refine
recommendations.

Key Takeaways: This manuscript presents stepwise algorithms tailored to
individual obstructive airway diseases, facilitating decision-making for
both rescue and maintenance therapy. It also helps identify suitable
candidates and agents for home nebulization while providing disease-
specific guidance for effective nebulization treatment. Furthermore, it
integrates expert perspectives with current clinical evidence to optimize
nebulization practices.

Conclusion: NOVA-ER is designed to serve as a practical tool for
clinicians, researchers, and policymakers, offering structured guidance to
enhance nebulization practices, support home nebulization, and bridge the
gap between evidence-based guidelines and its practical applicability in
clinical care, which may help improving patient outcomes.

ACO, Asthmaq,
obstructive pulmonary disease, COPD, Nebulization

Keywords: Bronchiectasis, Bronchodilator, Chronic
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Introduction

According to the World Health Organization (WHO),
respiratory diseases are associated with significant
morbidity and mortality, affecting over 500 million
people worldwide. Risk factors such as aging population,
urbanization, air pollution, biomass usage in developing
countries, smoking, occupational exposures, genetics, and
infections are strongly linked to increased prevalence of
obstructive airway diseases like chronic obstructive
pulmonary disease (COPD)and asthma.! The prevalence
of COPD is 13% among individuals aged 40 years and
older, making it the third leading cause of death and the
seventh leading cause of disability worldwide. In India,
COPD contributes to 3% of disability-adjusted life years
(DALYs) due to chronic respiratory diseases and is the
second most common cause of mortality in India.23

The national burden of asthma has been estimated at
17.23 million, with an overall prevalence of 2.05%.4
India contributes to 42% of global asthma mortality.>
Comorbidities potentiate the burden of asthma and
impact the mortality rates of both COPD (10-40%)% and
asthma (15-35%).6

Bronchiectasis frequently coexists with poorly controlled
asthma and COPD, and its prevalence in India noted in a
recent study was 7.1% (range between 5.9-20.5%).”
Overlap of bronchiectasis with other airway diseases is
associated with increased lung inflammation, frequent
exacerbations, declining lung function, and higher
mortality.8

A single-center study with a small sample size conducted
in North India reported that 17% of patients with COPD
had bronchiectasis.? Overlapping conditions like Asthma-
COPD Overlap Syndrome (ACQOS) cannot be ignored
because this is linked to higher BMI, poorer lung function,
and a greater risk of frequent and severe acute
exacerbations, as well as a higher number of
exacerbations per year compared to patients with "pure”
COPD.'0 In southern Rajasthan, 31.05% of bronchial
asthma reportedly had Asthma-COPD Overlap (ACO)
with  a predominance in females and higher
comorbidities.!’ Conversely, a study in Thanjavur found
that 25% of the study population exhibited features of
Asthma - COPD overlap.'2

Treatment options for these overlapping conditions
include pharmacological interventions (such as the use of
inhaled forms of bronchodilators, corticosteroids,
antibiotics, and other anti-inflammatory agents), non-
pharmacological approaches (like oxygen therapy and
pulmonary rehabilitation), and surgery.

Given the rising burden of respiratory diseases,
maximizing the utilization of existing medical resources
becomes essential. However, there is a suboptimal use of

nebulizers in the management of common respiratory
diseases in India.

To remedy this situation, this review aims fo
comprehensively examine current literature on the use of
nebulization in the treatment of COPD, asthma,
bronchiectasis, and overlapping obstructive or
inflammatory respiratory diseases. It also provides
structured, and evidence-based expert recommendations
improving its clinical applicability in the treatment of the
most prevalent chronic respiratory diseases in diverse

patient populations in India.

PROBLEM STATEMENT

Inhalation therapy is the cornerstone of pharmacological
treatment in patients with obstructive, inflammatory, and
infectious respiratory diseases. However, it often fails to
resolve the symptoms due to varied reasons such as poor
adherence to therapy, low inspiratory flow, reduced
dexterity due to multiple comorbidities, physical
disability, age, injury, cognitive impairment, and errors in
the use of inhalers.13-15

Other reasons include lack of awareness, lack of
education, poor coordination, and physical inability to
use handheld inhalers.?¢

APPROACH TO LITERATURE REVIEW AND
DEVELOPMENT OF EXPERT OPINION

We conducted a comprehensive search of peer-reviewed
articles, clinical guidelines, and systematic reviews
related to the use of nebulization in managing common
respiratory diseases. Databases such as PubMed,
MEDLINE, and Cochrane Library were extensively
searched using keywords like "nebulization," "respiratory
diseases," "clinical management,” and "inhalation
therapy." The selection criteria focused on studies
published in the last ten years to ensure the inclusion of
the most recent evidence. Studies not available in English
or lacking clear methodology were excluded. Data from
selected studies were extracted, analyzed, and
synthesized to identify current practices and existing
gaps. This review provided a foundational understanding
of current practices, identified gaps in the literature, and
supported the expert panel's discussions by aligning their
opinions with existing evidence.

To collate expert opinions on the use of nebulization in
managing common respiratory diseases, we conducted a
closed-group meeting of selected pulmonology experts
with at least 10 years of clinical experience and
extensive academic contributions to the field of
respiratory medicine. A moderator prepared a structured
list of pre-determined questions to guide the discussion.
Each expert contributed clinically relevant insights,
facilitating the formulation of expert opinions. Expert
opinion was generated through consensus, while ensuring
that the expert perspective aligned with the best
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available evidence, focusing on clinical applicability. This
iterative process allowed the refinement of viewpoints
through group feedback, resulting in a comprehensive
document on nebulization therapy.

Inhalers and Errors

Considerable research suggests that incorrect use of
inhalers is associated with poor clinical outcomes and
impaired quality of life in patients with respiratory
diseases. 17 Studies revealed that 30-60% of patients
with asthma and 80% of patients with COPD made at
least one critical error while using inhalers. Moreover,
15% of trained healthcare professionals err while using
inhalers,'® leading to suboptimal disease control and
increased risk of exacerbations, hospitalizations, and
death.19.20 As a result, recent publications have quantified
error-prone steps to help reduce the frequency of
persistent errors.20.21 Using dry powder inhalers (DPls)
and pressurized metered-dose inhalers (pMDIs) involves

a. 100.0%
80.0% 78.2% 77.5%
. (o]

60.0%
40.09
% 22.2%
20.0% -
0.0%
DPI

pMDI pMDI with
spacer
b. 100.0% 96.7% 88.5%

80.0%
60.0%

40.9%
40.0%
20.0%
0.0%

Pharmacists Nursing staff Doctors

DPI: Dry powder inhaler; pMDI: Pressurized metered-dose inhaler

multiple steps that need to be carried out correctly to
ensure optimal delivery of medication.22 For pMDlIs
specifically, nine critical steps must be followed to
achieve optimal inhalation and therapeutic effectiveness.
It has been observed that more than 70% of patients
make errors in 3 key steps, namely: 'Breathe in,' 'Sit
straight,’ and 'Hold breath.'22.23

An observational cross-sectional study found that 75.36%
of patients demonstrated errors in inhaler use, regardless
of the device type.24 Error rates were 78.2% for DPlIs,
77.8% for pMDIs, and 22.2% for pMDIs with spacers
(Figure 1a). Notably, training by healthcare professionals
did not uniformly reduce errors, with pharmacist-led
training resulting in high error rates (Figure 1b). The most
common errors involved incomplete inhalation through the
mouth and inadequate breath-holding (Figure 1c¢). These
findings highlight the critical need for more effective
inhaler education.

69.30%

Percentage of patients making errors in

. Step 6: Inhale completely through
mouth

. Step 7: Hold breath for as long as
comfortable, before exhaling

Step 6 + Step 7

Figure 1: Errors in use of inhalation devices 1a. Prevalence patients associated errors in inhalation technique; 1b.

Prevalence of errors associated with training by healthcare professionals for DPIs use; 1c: Distribution of patients making

errors in various steps in the use of DPIs

These errors associated with inhalational devices can
result in insufficient drug delivery to the lungs, thereby
leading to suboptimal treatment outcomes. Therefore, it
is important to assess the patient's ability, train patients
appropriately to use devices, and use patient-preferred
inhalation devices to reduce critical errors and improve
overall therapy outcomes.

Nebulization

For some patients, inhalation technique errors may be
mitigated by using alternative devices, such as nebulizers,
to help manage respiratory diseases in an effective
manner. Many studies have demonstrated that nebulizers
are as effective as inhalers, easy to use, have no complex

hand-breath coordination required, and are suitable for
most patients (including the elderly and those who are
unable to use other inhalation devices) and when patients
need a large dose of inhalation medication.2> However,
inhalers remain the first choice of therapy in patients with
chronic respiratory diseases. Therefore, it is imperative
for physicians to select the most appropriate inhalation
device and explain its correct use to optimize drug
delivery among patients.

CHRONIC BRONCHITIS/ VIRAL BRONCHITIS

Chronic bronchitis may be diagnosed when a person
experiences a cough with mucus for more than three
months within a two-year period. Viruses are responsible
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for over 90 percent of acute bronchitis infections.
Consequently, antibiotics are not indicated for bronchitis,
except when pertussis is suspected to reduce transmission
or if the patient is at increased risk of developing
pneumonia, such as patients 65 years or older.26.27

Chronic bronchitis (CB) is a common condition in COPD
that affects treatment outcomes and quality of life.28
Nebulized
improvements in lung function and health-related quality
of life in COPD patients, regardless of CB status.2?
However, evidence comparing nebulizers to other

glycopyrrolate  has shown significant

delivery methods for bronchodilators during COPD
exacerbations is limited. A systematic review found no
significant difference between nebulizers and pMDI with
spacers on FEV1 or safety, although nebulizers showed
greater improvement in FEV1 around to one hour after
dosing.30 Intravenous N-acetyl cysteine (NAC) related
bronchospasm can be treated with a nebulized
bronchodilator.31-33

In the context of eosinophilic bronchitis, the effectiveness
of corticosteroids can be inconsistent. The Asthma and

Allergy Foundation of America (AAFA) notes that inhaled
corticosteroids may not be effective for everyone with
this asthma subtype. A cross-sectional study conducted in
2020 revealed that people who used inhaled
corticosteroids (ICS) had raised blood eosinophil counts
even after treatment, which could be due to poor
compliance with the prescription or steroid resistance,
which requires further investigations. Many studies are
available on the use of formoterol and glycopyrronium in
COPD, and the same have been tabulated in Table
1.According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2023 report,
bronchodilators can be used for Group A COPD patients
(classification according to GOLD) who suffer from 0-1
exacerbations and Modified Medical Research Council
Dyspnea Scale (mMRC) 0-1, CAT <10.34 These qualify as
intermittent symptoms that do not need hospitalization.
Glycopyrronium, a long-acting anti-muscarinic agent,
should be used for intermittent COPD symptoms not
requiring hospitalization (Figure 2). CAT = 10, should be
treated with a combination of long-acting beta2 agonist
(LABA)+ long-acting muscarinic antagonist (LAMA).34

Table 1: Summary of evidence of commonly used nebulized bronchodilators in the management of Chronic obstructive

pulmonary disease, either as monotherapy or in combination with corticosteroids

Author Drug

Type of Therapy

Study details

Intermittent symptoms in COPD

Improved pulmonary function.

Donohue . . Peak FEV;, trough FEV1, and FVC (measures of
Nebulized Formoterol Intermittent oL
et al.35 Twice dail /maintenance lung function) increased and stayed better.
4 The need for rescue medication was reduced by
almost half.
SABA/SAMA Almecfl to flno.l change in FEV1 curve from
Geffen Salbutamol / Ipratropium Maintenance ther baseline till six h.
et al.l? (II?R)U amol/-Iprairopiu aintenance therapy The peak in FEV1 was higher and was reached

faster with SAL/IPR compared to IND/GLY.

Acute exacerbations

Albuterol improved the percent change in FEV;

zf;?;jf Nebulized Albuterol Reliever therapy at 1h post-treatment compared to MDI plus
’ spacer (16.7% *+ 17.0 vs 13.4% £ 20.5).

Nebulized vs. Systemic corticosteroids: Chinese
AECOPD study assesses nebulized corticosteroids

Yahong Nebulized budesonide vs. - (NCS), systemic c?rtlcosfer0|ds (SCS), and

Chen et Systemic corticosteroids Reliever therapy NCS+SCS effectiveness.

al.40 4 NCS Consideration: NCS proves effective, but
NCS+SCS is linked to longer stays and higher
costs in certain patients, prompting further trials.

g?.ll;:: ﬁﬁﬂt;irﬁfo;i?:ﬁ?ypes of | Reliever therapy Approx 48% of patients were switched to

of al.36% COPD patients LABA+LAMA-+ICS to control exacerbations.

Maintenance of COPD

Vijay et | Nebulised budesonide/ Add on to

al.41 formoterol

Salbutamol/Ipratropium | through the bronchi and the degree of

Improvement in PEFR, relieved inflammation,
scarring, bronchospasm, and mucus; thus, airflow

obstruction in the airways improved.

#Evidence is extrapolated from the conventional inhaler category; AECOPD: Acute exacerbating COPD; DPI: dry powder

inhalers; FEV1: Forced expiratory volume in 1s; FFIS: Formoterol fumarate inhalation solution; FVC: Forced vital capacity;

GLY: Glycopyrrolate; %VV: Global ventilated lung volume; IND/GLY: Indacaterol/glycopyrronium; LSM: Least squares
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mean; MDI: Metered-dose inhaler; PEFR: Peak expiratory flow; RV: Residual volume; SAL/IPR: Salbutamol plus ipratropium;

SGRQ: St. George's Respiratory Questionnaire.
TREATMENT OF ACUTE EXACERBATIONS/EMERGENCY
NEBULIZATION

Exacerbators or newly defined GOLD Group E patients
should be treated with short-acting B2 agonist (SABA) or
short-acting muscarinic agonist SAMA (Figure 2), i.e,,
levosalbutamol or ipratropium. Levosalbutamol alone or

in combination with ipratropium is extensively used for
treating acute COPD exacerbations, as given in Table 1.
Alternatively, a LAMA, glycopyrronium has also been
used in treating exacerbations effectively, as given in
Table 1.35

COPD Treatment

Intermittent
Symptoms

Dyspnea & mMRC 0-1 CAT <10
& moderate exacerbations
requiring no hospitalization
(GOLD Cat A)

LAMA
(glycopyrronium)

LAMA or LAMA
+LABA*

Home Nebulization

Acute exacerbation

SABA/SAMA

(Levosalbutamol/
ipratropium)

LAMA
(Glycopyrronium)#

Prevention of
Exacerbation

|

|

|

|

|

|

I

I

I

I

|

|

|

|

LABA +ICS :
(Formoterol I
+Budenoside); LABA :
+ LAMA + |CS* :
(Formoterol + :
budesonide + :
I

I

I

I

|

|

|

|

I

glycopyrronium)

Home Nebulization

#Boxes in orange indicate alternative agent to said initial agent; *Eosinophil >300 cells/uL demands addition on nebulized corticosteroid; Drugs name presented in

parenthesis are an example. COPD: Chronic obstructive pulmonary disease; LAMA: Long acting anti muscarinics; LABA: Long acting beta agonist; ICS: Inhaled
corticosteroids; SABAs: Short-Acting Beta-Agonists; SAMAs: Short-Acting Muscarinic Antagonists.

Figure 2: Algorithm for the use of nebulization and advice on home nebulization in COPD

MAINTENANCE THERAPY AND PREVENTION OF
EXACERBATION IN CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Long-acting beta agonist / Long-acting anti-muscarinic
(LABA/LAMA) in combination or as monotherapy has
been extensively studied in many patients.3¢ A fixed
combination of LABA + ICS (formoterol and budesonide)
has been recommended in both exacerbations as well as
maintenance of COPD. Triple therapy has been more
effective in terms of lung function and symptom control,
as well as reducing exacerbation when compared to dual
combination, particularly for patients with an eosinophil
level >300 cells/WL.37:38 The latest recommendations also

support the use of triple therapy (LABA + LAMA + ICS)
over dual therapy (LABA + ICS).

ASTHMA

Airway inflammation is the hallmark of asthma, and
inhaled steroids are the mainstay of treatment as they
provide protection against bronchospasms induced by
any stimuli.4? Nebulization is recommended in patients
requiring high doses of medications, those with poor
response to pMDIs plus spacer, acute exacerbations,
severe hypoxemia, and pediatric patients who can't use
pPMDIs (Table 2).42

© 2025 European Society of Medicine 5
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Table 2: Summary of evidence of commonly used nebulized bronchodilators in the management of asthma, either as

monotherapy or in combination with corticosteroids

Author Drug

Respiratory condition | Study detdails

Difficult-to-treat

Nebulized formoterol /budesonide plus
glycopyrronium add-on therapy significantly
improved FEV: at 8 weeks (P<0.001).
Mean pre-bronchodilator FEV1 improved

therapy

Nebulized ) significantly (23.7%, 0.46 L; P<0.001).
Talwar et ] asthma cases with . C e
formoterol /budesonide Post hoc analysis showed a significant 11.2%
al.43 . frequent use of rescue | | . :
plus glycopyrronium dicati improvement in pre-bronchodilator FEV;.
medications
LAMA add-on therapy via nebulizer increased
FEV1 by 27% in 8 weeks compared to baseline.
Glycopyrronium, a long-acting bronchodilator,
can be used for non-eosinophilic asthma.
The study evaluated the effectiveness of
Continuous continuous and intermittent SABA nebulization as
Kulalert et Comparison of SABA maintenance and a first-line treatment for severe asthma in
al.42 Nebulization intermittent reliever hospitalized children.

Improved treatment success in continuous
treatment vs intermittent nebulization

FEV1: Forced expiratory volume in 1s; LAMA: Long-acting muscarinic anfagonists; SABA: Short-acting beta-agonists

Budesonide is a potent corticosteroid with rapid and
strong airway efficacy. There is enough evidence
supporting its efficacy and safety as monotherapy and in
combination with formoterol as maintenance therapy in
asthma. 44 Nebulizers should be preferred in the

Asthma Nebulisation
treatment

emergency department for the treatment of acute
exacerbations of Asthma.45 Figure 3 gives a concise idea
of the use of nebulization in mild to severe cases of
asthma.

Nebulisation therapy is recommended in following set of
patients

= Requiring high doses of medications

* Poor response to a pMDI plus spacer,

* Acute exacerbations and severe hypoxemia

Pediatric Patients unable to use pMDls

Persistent Asthma

Preferred Initial
therapy using Low dose
ICS + LABA (
Budenoside +
formoterol)

LABA + ICS (Formoterol
+ Budenoside)

Home Nebulization

SOS approach

SOS Formoterol + ICS
but seldom with
nebulized therapy

|

Prevention of

Exacerbation s
exacerbation

LABA + ICS (Formoterol
+Budenoside); LABA +
LAMA + ICS
(Formoterol +
budesonide +
glycopyrronium

SABA + SAMA

SOS: Levosalbutamol +
Iprotropium

LAMA: Long acting anti muscarinic; LABA: Long acting beta agonist; ICS: Inhaled corticosteroid; pMDI: Pressurised Metered dose inhaler; SABA:short-acting beta agonist ; SAMA: short-acting

muscarinic-antagonist

Figure 3: Algorithm for use of nebulization and advice on home nebulization in asthma

HOME NEBULIZATION AND PREFERRED INITIAL THERAPY
Many bronchodilators act as controller agents when given
with ICS. The fixed combination of LABA and ICS is
effective in improving asthma control and is the preferred
controller agent for moderate to severe asthma. 46 LABA,
in combination with ICS like budesonide /formoterol, are
extensively studied and widely accepted as first-line

therapy for asthma. By optimal utilization of ICS and
LABA therapy to prevent asthma exacerbations, the study
suggests that using budesonide-formoterol combination
as a reliever therapy may be more efficacious than
conventional combination or salbutamol or terbutaline
monotherapy.4”

© 2025 European Society of Medicine 6



Studies have proven that nebulized budesonide and
inhaled budesonide are equally effective. Nebulized
budesonide may improve peak flow, symptoms of
asthma, Oz saturation, B agonist effects, and reduce
patient distress.4¢48 Figure 3 serves as a useful tool to
plan the nebulization drug delivery.

Budesonide + formoterol, when used as both
maintenance and relief therapy, significantly prolonged
the time to first severe exacerbation as compared to
budesonide + formoterol + SABA and budesonide +
SABA (both p<0.001.4° Treatment can be started with
0.5 mg/day twice daily and increased according to
need. The fime to second and third exacerbations was
significantly prolonged with budesonide + formoterol for
maintenance and relief as compared to the fourfold
higher maintenance dose of budesonide +SABA.4% Use of
short or long-acting bronchodilators without a nebulized
steroid is strongly discouraged.

HOME NEBULIZATION IN RESCUE THERAPY AND
PERSISTENT ASTHMA
The combination of ICS/LABA as reliever therapy
significantly enhances asthma control and lowers the risk
of severe exacerbations, making it effective for
persistent asthma. 46,50

Inhaled maintenance and reliever therapy is supported
by strong evidence and is acknowledged by the Global
Initiative for Asthma (GINA) as a single inhaler therapy.5!
However, there is insufficient evidence regarding the
efficacy of maintenance and reliever therapy delivered
through nebulization; therefore, this approach can only
be recommended when its utility is confirmed by further
trials. For patients with severe, poorly controlled asthma,
there is a clinical necessity to have a less complex
nebulizer for home therapy to deliver both relievers and
controllers using minimal inspiratory flow, especially for
use at home or in ambulatory settings.

Home nebulization with glycopyrronium add-on
approach delivers a clinically significant bronchodilation
duration, which may be of value in patients with difficult
asthma with moderate to severe exacerbations and who
are on corticosteroids.43

EMERGENCY NEBULIZATION IN EXACERBATION AND
HOME NEBULIZATION DURING DISCHARGE ADVICE
Exacerbation or episodes of asthma can be treated with
a combination of SABA and SAMA. 32 Patients
hospitalized due to acute exacerbations can be safely
discharged and managed with LABA + LAMA + ICS triple
therapy.53

Rescue therapy: Levosalbutamol £ ipratropium,
formoterol * glycopyrronium / budesonide (refer Figure
3).4449

BRONCHIECTASIS

Bronchiectasis is characterized by irreversible dilation of
bronchi, inflammation, infections, and exacerbations.
Despite rising prevalence, there is limited research and
no approved treatments for this chronic lung condition.54
Also, the European Multicenter Bronchiectasis Audit and
Research Collaboration (EMBARC) India registry findings
highlight suboptimal management of bronchiectasis.”
Therefore, stepwise management, as suggested by the
British Thoracic Society (BTS), European Respiratory
Society (ERS), and American Thoracic Society (ATS), will
help clinicians manage the disease effectively.55-57

Around 60% of bronchiectasis patients were not
prescribed airway clearance techniques; evidence-based
treatments such as low-dose macrolides and inhaled
antibiotics were used in <10% of cases.

It is essential to treat the underlying cause of
bronchiectasis and apply airway clearance techniques
and/or pulmonary rehabilitation. Figure 4 highlights
methods of airway clearance using nebulized saline
(0.9%, 3 %, and 7%) and nebulized NAC.58

© 2025 European Society of Medicine 7
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Oscillating positive
expiratory pressure +
Forced Expirator Technique

ACBT ‘

Physiotherapy

Management

Nebulized
Tobramycin
and /or ICS

Nebulized Saline solution
0.9% and
3% Nebulized NAC

ACBT: active cycle of breathing therapy. ICS: Inhaled corticosteroids NAC: N- Acetyl cysteine

Figure 4: Comprehensive management for airway clearance

Physiotherapy is equally important in bronchiectasis. The
first step towards stepwise management of bronchiectasis
is optimizing «airway clearance and pulmonary
rehabilitation before starting nebulized antibiotics.55 If
exacerbations are persistent, i.e., >3 exacerbations/
year despite all these treatment measures, consider step
2- physiotherapy reassessment and mucoactive
treatment. If >3 exacerbations are present despite step-
2 (physiotherapy reassessment and mucoactive therapy),

test for Klebsiella (Enterobacteriaceae) along with P.

© 2025 European Society of Medicine

aeruginosa and consider step-3 [prescribe long-term
inhaled antibiotic like nebulized tobramycin (if gram-
negative bacteria present) or a long-term low dose
macrolide]. If >3 exacerbations are present despite step
3 (Figure 5), consider step 4 (combination of long-term
macrolide and long-term inhaled antibiotic). Further, an
increase in exacerbations to five or more despite step 4
demands the use of regular IV antibiotics every 2-3
months.



Step 1

o Treat underlying
cause

o Airways clearance
techniques+/—
Pulmonary
rehabilitation

o Annualinfluenza
vaccination

o Prompt antibiotic
treatment for
exacerbations

o Self-management
plan
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Step 2

If 3 or more

exacerbations/yr
despite Step 1*

o Physiotherapy
reassessment and
consider
mucoactive
treatment

Step 3

If 3 or more exacerbations/yr
despite Step 2*

o 1) If Pseudomonas
aeruginosa/Enterobacteriaceae
(klebsiella) long-term inhaled
antipseudomonal antibiotic or
alternativelylong-term macrolide

o 2) If other Potentially Pathogenic
Microorganisms, long term
macrolides or alternatively long-
term oral or inhaled targeted
antibiotic

o 3) If no pathogen, long term
macrolides

Step 4

If 3 or more

exacerbations/yr
despite Step 3*

o Long-term
macrolide and
long-terminhaled
antibiotic

o Nebulized Tobramycin

Step 5

If 3 or more
exacerbations/yr
despite Step 4*

o Consider regular
intravenous
antibiotics every
2-3 months

o Nebulized Colistin

*Consider this step if significant symptoms persist despite the previous step, even if not meeting exacerbation criteria

b Patient with frequent
’ exacerbation and frequent
Hospitalisation

Check sputum for
P. aeruginosa

- If P aeruginosa
positive -

Start
Nebulised
Tobramycin

- If negative

Start Macrolide
antibiotic

*More than 3 exacerbations per year both Macrolide and Nebulized Tobramycin can be given

P, aeruginosa: Pseudomonas aeruginosa.

Figure 5: a. Use of nebulized antibiotics in the stepwise management of bronchiectasis'; b. Positioning nebulized antibiotics

in the management of bronchiectasis'

NEBULIZED TOBRAMYCIN

Inhaled tobramycin has proven to be effective in
decreasing sputum bacterial density in individuals with
bronchiectasis and chronic Pseudomonas aeruginosa (P.
aeruginosa) infection.5® Furthermore, the use of inhaled
tobramycin has been associated with a higher rate of P.
aeruginosa eradication compared to placebo, as
observed during a median follow-up period of 4.3

weeks.

Orriols et al. (2015) conducted a study with a longer
follow-up duration and reported a significantly longer
time for P. aeruginosa recurrence in the tobramycin group
(p = 0.048).¢9 Moreover, maintenance of clearance was
observed in 54.5% of patients at 15 months. Importantly,
at present, there is insufficient evidence to suggest that
the use of inhaled tobramycin leads to the development
of resistant strains of P. aeruginosa.¢!

NEBULIZED COLISTIN

Studies on the use of colistin for Pseudomonas aeruginosa
(PA) infections have shown varying outcomes. Tabernero
et al.®2 conducted a randomized clinical trial with 39
patients, administering nebulized colistin (1 million units)
twice daily for a year, resulting in a reduction in
hospitalization and PA eradicated in 45% of patients.
Steinfort et al.¢3 studied 18 patients with bronchiectasis
or COPD and found that six months of colistin (30 mg) via
jet nebulizer led to a decline in FEV1 and improved
quality of life. Dhar et al.%4 reported a significant
reduction in exacerbations and hospital admissions after
six months of nebulized colomycin. Haworth's study%>
showed no difference in primary endpoints like time to
first exacerbation.

Safety issues with inhaled colistin included mild side
effects in 0% to 40% of patients, such as cough,
bronchospasm, and dyspnea. Dry-powder inhalers had
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higher side effect rates (54.2%), with cough being the
most common (84%) and
discontinuation in 24.4% of patients.%¢ Risk factors for

causing  treatment
adverse effects included severe bronchiectasis, longer
symptom duration, pre-existing cough, device handling
difficulties, and lack of therapeutic education.®® Emerging
resistance of PA to colistin was rare and lower than
resistance to tobramycin, with no unexpected serious
adverse reactions or colistin-resistant strains identified in
trials.67.68

NEBULIZED SALINE SOLUTION.

Nebulized hypertonic saline (HS) is commonly employed
to assist mucociliary clearance in bronchiectasis.
Mucoactive agents prescribed in patients  with
bronchiectasis include nebulized hypertonic saline
(concentrations ranging from 3 to 10%) and isotonic
saline (concentration of 0.9%).69

NEBULIZED N-ACETYL CYSTEINE

In adult bronchiectasis patients with at least two
exacerbations in the past year when prescribed NAC
(600 mg twice daily), the incidence of exacerbations in
the NAC group was significantly lower than that in the
control group (1.31 vs. 1.98 exacerbations per patient-
year risk ratio, 0.41; 95%-Cl, 0.17-0.66; P = 0.0011).
The long-term use of NAC can reduce the risk of
exacerbations.”®

In a study by Shehzad et al. NAC was compared with 3%
hypertonic saline, and the results demonstrate that both
agents offer a similar efficacy for airway clearance and
increase in oxygen saturation in the patients experiencing
severe bronchiectasis exacerbations.58

ASTHMA-CHRONIC OBSTRUCTIVE PULMONARY
DISEASE OVERLAP SYNDROME (ACOS)
While airway obstruction is @ common characteristic in

both asthma and COPD, the overlap of these exhibits’
notable differences in clinical practice. There is an
evident pathological and functional overlap between
them, particularly among the elderly, referred to as
ACOS.71 There is a lack of evidence-based literature to
guide therapeutic decisions for patients with ACOS.
Traditionally, these patients have been systematically
excluded from clinical trials involving COPD and asthma
treatments to maintain homogeneity in the study
population. 72 Differentiation of ACOS patients according
to their phenotype has been suggested in the GINA 2022
report. This recommendation for the use of ICS stems from
several studies demonstrating that patients diagnosed
with both asthma and COPD face a greater risk of
hospitalization or mortality when treated with LABA as
opposed to ICS+LABA combination therapy.”2

Ironically, some experts have proposed the ICS+LABA
combination as a first-line therapy for ACOS.72 If an
ACOS patient's symptoms are inadequately controlled
with an ICS + LABA combination (Figure 6), the addition
of a LAMA should be considered, particularly when
recurrent exacerbations occur. It is noteworthy that the
GOLD 2020 update no longer refers to ACO but instead
recommends using blood eosinophil counts to guide ICS
therapy in COPD (Figure 6). ACO patients represent a
unique group that may benefit from more targeted
therapy, mirroring current practices in asthma and COPD
management. Therefore, this subgroup of patients
warrants careful identification for further mechanistic
studies and individualized management. The selection of
nebulized drugs should be as per the above evidence,
while ICS continues to be the mainstay of treatment. The
indication for the use of nebulized drugs over drugs
administered by other inhaler devices will be based on
indications mentioned in the asthma/COPD sections.
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Asthma COPD overlap

Asthma phenotype

Family History
positive

Childhood-onset
of symptoms

Allergic rhinitis

Intermittent
symptoms

Use Nebulization as in

the Asthma section

Home Nebulization

COPD: Chronic obstructive pulmonary disease;

COPD Phenotype

Smokers

Biomass
exposure

Alir pollution

Progressive

No diurnal
variation

Use Nebulization as in

COPD section

Home Nebulization

Gradually

ACOS: Asthma-COPD Overlap Syndrome

Figure 6: Algorithm for use of nebulization and advice on home nebulization in asthma-COPD overlap

BRONCHIECTASIS AND CHRONIC OBSTRUCTIVE
PULMONARY DISEASE OVERLAP SYNDROME (BCOS)
Along with bronchodilators and mucolytics, patients with
bronchiectasis are sometimes treated with long-term
antibiotics such as macrolides and nebulized antibiofics.
Hence, individuals presenting chronic cough, sputum,
chronic bronchial infection, and frequent infective
LABA/LAMA  with
macrolide antibiotic as an add-on therapy.

exacerbations are prescribed

For symptoms of
Bronchiectasis + COPD
(BCOS)

Bronchodilators
(LABA/ LAMA)
+ Macrolides

o Chronic cough
o Sputum

e}

If the eosinophilic count raised
(>300 cells/pL),

Add ICS to above and use

; o Chronic bronchial infection
Frequent infective exacerbations

The choice of inhaled drug for the treatment of BCOS
would be the same as selecting a bronchodilator or an
ICS for treating COPD alone (Figure 7).¢° There is some
evidence that the use of ICS in the Bronchiectasis-chronic
obstructive pulmonary disease overlap syndrome (BCOS)
population may lead to an increase in the bacterial load.
Hence, inhaled drugs should be used with great caution
in the BCOS population as compared to the 'COPD alone'
population. Till then, the evidence for the management of
COPD and bronchiectasis (as single entities) is to be used
for the overlap entity.¢?

Home Nebulization + ]

Emergency Nebulization

COPD: Chronic obstructive pulmonary disease; LAMA: Long-acting antimuscarinics; LABA: Long-acting beta agonist; ICS:

Inhaled corticosteroids

Figure 7: Algorithm for use of nebulization and advice on home nebulization in bronchiectasis and chronic obstructive

pulmonary disease overlap
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BRONCHIECTASIS AND ASTHMA

Inhalation therapy may not always provide sufficient
relief for patients with asthma and concomitant
bronchiectasis. This is because bronchiectasis is often
linked to persistent bacterial infections. Consequently, it
is advisable to conduct the ABPA panel test to assess the
presence of fungal infections. ABPA panel test is

Asthmatics

skin test

Negative

Screening for A. fumigatus
specific IgE or Aspergillus

recommended to be performed with confirmed cases of
asthma with fungal infection along with bronchiectasis
having total IgE>1000 IU/mL (Figure 8).73 If fungal
infections are detected, it is recommended to initiate anti-
fungal treatment followed by oral steroids like
methylprednisolone, in addition fo long-term macrolide
therapy.”4

Positive

Total IgE and HRCT chest
evaluation

Bronchiectasis confirmed
(Total IgE>1000 1U/mL)

Positive

Long-term therapy with
Macrolides
+ Nebulized ICS +
Antifungal / Oral Steroid
e.d. Methyl Prednisolone

Run ABPA panel tests (IgE/IgG) for the
presence of Fungal sensitizations

Home Nebulization

Y

Negative

Long-term therapy with
Macrolides
+Nebulized ICS

ABPA: Allergic Bronchopulmonary Aspergillosis; COPD: Chronic obstructive pulmonary disease; HRCT: High-Resolution Computed Tomography;
IgE: Immunoglobulin E; IgG: Immunoglobulin G; LAMA: Long-acting antimuscarinics; LABA: Long-acting beta agonist; ICS: Inhaled corticosteroids

Figure 8: Algorithm for use of nebulization and advice on home nebulization in bronchiectasis and asthma

The treatment guidelines set forth by the National Asthma

Education and Prevention Program recommend
incorporating oral steroids into the maximal therapy
regimen for patients with severe persistent bronchial
asthma.”5 According to these guidelines, steroid therapy
is considered the preferred approach for managing
bronchial asthma. Conversely, the guidelines do not
advocate the use of inhaled corticosteroids in
bronchiectasis.”¢ However, this distinction does not alter

the therapy recommendations for asthma and COPD,

which are outlined in their respective individual
guidelines.

Long-term antibiotic or anti-inflammatory therapy can
also be considered adjuncts to standard therapy (Figure
8). Although there is inadequate evidence to support the
use of mucoactive therapy in preventing exacerbations,
all patients with bronchiectasis should be encouraged to
practice airway clearance. This is because regular
reduce

airway clearance has been shown to
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exacerbations, as confirmed by the findings of a recent
12-month RCT.””

NEBULIZED THERAPIES IN CRITICALLY ILL PATIENTS /
NEBULIZATION IN ASSISTED VENTILATION

Nebulization in assisted ventilation is crucial for
delivering medications to patients with critical respiratory
conditions who require mechanical ventilation. This
method allows for the administration of a variety of
medications; particularly, antibiotics and bronchodilators.

In the case of antibiotics, the Infectious Diseases Society
of America/American Thoracic Society guidelines for
nosocomial pneumonia recommend adding inhaled
antibiotics to systemic treatments for patients with gram-
negative pneumonia caused by multidrug-resistant
pathogens  sensitive only tfo polymyxins and
aminoglycosides.”® Inhaled colistin is specifically
recommended over polymyxin B and can be considered
a last resort for non-responding ventilator-associated
pneumonia (VAP) patients, regardless of pathogen
sensitivity. The use of aerosolized antibiotics offers the
advantage  of  achieving  high intra-pulmonary
concentrations, which can be effective against highly

resistant pathogens.

Bronchodilators administered via nebulization also play
a significant role in managing respiratory conditions in
mechanically ventilated patients. Nebulizers can operate
continuously using pressurized gas from a 50-psi wall
outlet or gas cylinder, or they can be synchronized with
the ventilator's inspiratory flow. This synchronization
significantly reduces aerosol losses during exhalation and
enhances drug delivery efficiency by up to four times.”?
The dose required for effective bronchodilation in
ventilator-supported patients is similar to that used in
spontaneously breathing patients, although the duration
of the bronchodilator response is shorter in mechanically
ventilated COPD patients. Therefore, scheduled
administration of short-acting B-agonists like albuterol
every 3-4 hours is necessary. For jet nebulizers, a fill
volume of 4-5 mL is recommended to prolong treatment
time and ensure proper medication dilution, maximizing
the amount nebulized during mechanical ventilation.
Nebulized bronchodilators improve overall lung
ventilation by reducing aeration in non-dependent
pulmonary regions, with no significant differences
observed between various ventilation modes.

Optimizing  these  nebulization  practices  and
understanding their mechanisms can significantly enhance
patient outcomes in respiratory care. The targeted
delivery of high concentrations of medication directly to
the lungs, combined with reduced systemic absorption,
makes nebulization an effective and efficient method of
treatment in mechanically ventilated patients.

IMPORTANCE AND BENEFITS OF DOMICILIARY
NEBULIZATION/HOME NEBULIZATION

Inhalational medication is vital for managing chronic
airway diseases. Recent studies suggest that nebulizers
could enhance patient outcomes in special populations.
Nebulized treatment is an effective alternative for
patients with cognitive, neuromuscular, suboptimal peak
inspiratory flow, and ventilatory impairments. It
eliminates the requirements for optimal inspiratory flow,
hand-breath
coordination. Elderly patients, those with severe disease

manual  dexterity, and  complex
and frequent exacerbations, and those with physical
and/or cognitive limitations should use nebulizers for
maintenance therapy. For elderly patients and those with
severe COPD and disabling dyspneaq, delivering the total
dose over several breaths with a nebulizer may be more
effective than a single breath with a DPl or pMDI.8
Improvement in FEV18! was achieved in 75% of patients
with the same combination of drugs when used with a
nebulizer instead of the inhaler. Moreover, a 20%
reduction in perceived level of breathlessness was
reported with the use of nebulizers when compared to
inhalers.82 Studies also showed significant improvements
in symptoms and quality of life, with 60- 75% of patients
preferring the use of a nebulizer over an inhaler. There
was a remarkable reduction in hospital readmission and
exacerbations whilst using home nebulization, as evident
by 30-day and 90-day
Approximately 50% of patients experiencing residual

readmission  rates.83
symptoms after treatment with inhalers benefited from
home nebulizer use.

Best practice statements regarding airway obstructive
airway diseases and their management with
Nebulization (Expert opinion):

1. Inhalers should continue to be used as the first-line
therapy, while nebulizers are essential for specific
patient groups requiring easier administration or
higher-dose medication.

2. Nebulized LAMA like glycopyrrolate significantly
enhances lung function and quality of life in COPD
patients, offering consistent benefits regardless of
chronic bronchitis status.

3. Nebulizers are recommended in emergency settings
for treating acute COPD exacerbations, especially
with SABA or SAMA, either alone or in combination.

4. For those with frequent exacerbations of COPD,
triple therapy with LABA, LAMA, and ICS (e.g.,
formoterol, glycopyrronium, and budesonide) is
strongly recommended, particularly for patients with
high eosinophil counts.

5. Nebulization is very important in asthma
management, especially when a patient has severe
symptoms, is not responsive to inhalers, has not
responded well to metered dose inhalers, and
requires a high dosage of the medication, including
children.
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10.

11.

12.

Home nebulization with budesonide is equally
effective as budesonide via inhaler, improving peak
flow, asthma symptoms, and patient comfort,
therefore a valuable option for managing persistent
asthma

For moderate to severe asthma, the combination of
LABA and ICS, particularly formoterol /budesonide, is
the preferred first-line treatment and is highly
effective in both maintenance and reliever asthma
therapy.

Rescue therapy for patients admitted due to
exacerbations of asthma may use fix combinations
such of SABA + SAMA i.e., levosalbutamol and
ipratropium or LABA + LAMA / ICS formoterol and
glycopyrronium or budesonide, supporting both
emergency and home nebulization strategies.
According to currently available guidelines on
the

bronchiectasis focuses first on airway clearance and

bronchiectasis, stepwise management of
pulmonary rehabilitation before using nebulized
antibiotics, which is critical in the management of the
condition.

Nebulized antibiotics, including tobramycin and
colistin, are encouraging in bronchiectasis with chronic
P. aeruginosa infection, especially tobramycin, which
can reduce the bacterial load and increase time to P.
aeruginosa recurrence.

Nebulized hypertonic saline (HS) and NAC are
effective mucoactive agents that enhance mucociliary
clearance and reduce exacerbations in patients with
bronchiectasis, enhancing patient prognosis.

Inhaled tobramycin and colistin show efficacy in the
management of bronchiectasis; however, patient-
such as disease

specific factors severity and

13.

14.

15.

16.

17.

18.

therapeutic education are critical fo minimizing side
effects and ensuring treatment adherence.
Administration of long-term inhaled antibiotics and
NAC has been found to decrease the frequency of
exacerbations in bronchiectasis; therefore, it should
be considered an essential component of
bronchiectasis management.

To manage ACOS (Asthma phenotype), the use of
ICS+LABA combinations should be preferred since
evidence suggests that LABA alone is less effective in
reducing hospitalization and mortality.

In Bronchiectasis-COPD overlap syndrome, inhaled
corticosteroids should be used cautiously due to their
potential to increase bacterial load, highlighting that
further research needs to be conducted to establish
the best this

syndrome.

approach to managing overlap
In patients with both bronchiectasis and asthma, there
should be a proper assessment for fungal pathogens,
and management plans should include anti-fungal
treatment if fungal infection is detected as well as
oral steroids and long-term macrolide therapy for
eradication of bacterial and fungal infection.
Nebulization is  necessary  for  providing
bronchodilators and antibiotics for patients with
critical illnesses, and mechanical ventilation with
synchronization to ventfilation providing better
therapeutic effects.

Nebulized

recommended as an essential

antibiotics, such as colistin, are
strategy in the
management of ventilator-associated pneumonia
multidrug-resistant

high

caused by gram-negative

pathogens,  achieving intra-pulmonary

concentrations effectively.

Box 1: Patient profiler for nebulization in asthma?!.72

O

O

o}

Example Case: 46-year-old male with childhood allergic rhinitis, recurrent bouts of cold, 15-pack-year smoking
history, and spirometry showing an increase in FEV1 from 2.24 L (pre-bronchodilator) to 2.46 L (post-bronchodilator).

Over 40 years old, with chronic airflow obstruction (post-bronchodilator FEV1 /FVC < 0.70 or below the lower

limit of normal).
History of at least 10 pack-years of smoking.

History of asthma before age 40 or a significant bronchodilator response (more than 400 mL increase in FEV1).
Recurrent wheezing and shortness of breath, particularly noticeable with exertion (e.g., shortness of breath on

climbing more than one flight of stairs).

Positive family history of asthma (e.g., mother with asthma).

Table 3: List of all Nebulization Formulations Available in India

Nebulizing solution/s Category
Arformoterol, Formoterol LABA
Budesonide ICS
Fluticasone propionate ICS
Formoterol + Budesonide LABA+ICS
Glycopyrronium inhalation LAMA
Ipratropium SAMA
Levosalbutamol SABA
Levosalbutamol and Budesonide SABA +ICS
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Nebulizing solution/s Category
Levosalbutamol sulphate and ipratropium bromide SABA + SAMA
Salbutamol SABA
Conclusion nebulizers is essential to ensure device hygiene and

Home nebulization represents an important aspect of
respiratory care, garnering attention, and acceptance
among Indian experts. It plays a crucial role in managing
respiratory conditions such as asthma and COPD. The
significance of nebulization lies not only in the effective
drug delivery directly to the lungs but also in its versatility
as both maintenance and rescue therapy. However, the
successful implementation of home nebulization depends
on several factors. Most importantly, selecting
appropriate patients is paramount, as not everyone may
benefit from nebulizer therapy. Experts, therefore,
emphasize the importance of careful patient selection to
maximize the benefits while minimizing potential risks.

highlight the need for
comprehensive patient education. Advising patients on

Furthermore, experts

appropriate maintenance, cleaning, and disinfection of

optimal functionality. Also, patient counselling plays a
key role in improving adherence to prescribed nebulizer
treatment, thereby promoting long-term medication
compliance to maintain positive health outcomes.
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