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Background: Currently, there are no guidelines or consensus statements about
the usage of inhaled mucoactive drugs in pediatric respiratory disease
conditions from an Indian perspective.

Objective: To develop a practical consensus document to help pediatricians in
clinical decision-making when choosing an appropriate mucoactive drug for the
management of specific respiratory disease conditions.

Methods: A committee of nine experts with significant experience in pediatric
respiratory disease conditions and a microbiological expert constituted the
panel. An electronic search of the PubMed/MEDLINE, Cochrane Library, Scopus,
and Embase databases was undertaken to identify relevant articles. Various
combinations of keywords such as inhaled, nebulized, mucoactive, mucolytic,
mucokinetic, expectorants, mucoregulators, mucociliary clearance, respiratory
disorders, pediatric, cystic fibrosis (CF), non-CF bronchiectasis, acute
wheezing, asthma, primary ciliary dyskinesia (PCD), critically ill, mechanical
ventilation, tracheomalacia, tracheobronchomalacia, esophageal atresia (EA),
tracheoesophageal fistula (TEF), acute bronchiolitis, sputum induction, guideline,
and management were used. Twelve questions were drafted for discussion. A
roundtable meeting of experts was conducted to arrive at a consensus. The
level of evidence and class of recommendation were weighed and graded.
Conclusions: Inhaled mucoactive drugs (hypertonic saline, dry powder mannitol,
and dornase alfa) can enhance mucociliary clearance in children with CF.
Experts opined that hypertonic saline could be beneficial in non-CF
bronchiectasis, acute bronchiolitis, and PCD. The current state of evidence is
inadequate to support the use of inhaled mucoactive drugs in asthma, acute
wheezing, tracheomalacia, tracheobronchomalacia, and EA with TEF.

KEYWORDS

mucoactive, inhaled, pediatric, respiratory disorders, consensus, India

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2023.1322360&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2023.1322360
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2023.1322360/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1322360/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1322360/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1322360/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2023.1322360
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Singh et al.

1. Introduction

India has a high burden of acute and chronic respiratory
diseases. Pediatric respiratory diseases place a substantial
financial and human resource strain on our healthcare system
every vyear. Several childhood disorders, such as primary
(PCD), (CF), non-CF
bronchiectasis, and severe asthma exhibit airway mucus
hypersecretion (1). Mucoactive drugs have a long and well-

ciliary dyskinesia cystic  fibrosis

established record of being an effective therapy for the

management of respiratory diseases in which mucus
hypersecretion is a clinical challenge (1, 2). Mucoactive drugs
are classified as expectorants, mucoregulators, mucolytics, or
mucokinetic drugs based on their potential mechanism of
action (Figure 1) (1, 2). Inhaled mucoactive drugs are
delivered directly to the airway and are used to improve
mucus properties and reduce the mucus load in the lungs
of patients suffering from muco obstructive pulmonary illness
(1, 2). In this article, we have attempted to review the
available literature and summarize recommendations on the
role of inhaled mucoactive drugs in pediatric respiratory

disease conditions from an Indian perspective.

2. Methodology
2.1. Panel selection

A panel consisting of nine experts (mean age: 53.5 years;
specialty: pediatrics) with significant experience in pediatric
respiratory disease conditions and a microbiological expert
participated in the development of this consensus manuscript
(Supplementary Table S1). Panel members were carefully
selected based on their wide clinical expertise and knowledge in
the field. A minimum of 10 years of clinical expertise in the field
was mandatory. A moderator was identified among the panel to
drive the consensus process.

10.3389/fped.2023.1322360

2.2. Evidence review

An electronic search of the PubMed/MEDLINE, Cochrane
Library, Scopus, and Embase databases was undertaken to
identify relevant articles between January 1980 and August 2022.
Various combinations of keywords such as “inhaled,” “nebulized,”
“mucokinetic,”

“mucoactive,” “mucolytic,”

»

« »
expectorants,

» o«

“mucoregulators,” “mucociliary clearance,” “respiratory disorders,”

» o« » o«

“pediatric,
acute  wheezing,
“critically  1ll,”

“tracheobronchomalacia,

cystic fibrosis,” “non-cystic fibrosis bronchiectasis,”
“primary ciliary  dyskinesia,”

ventilation,”  “tracheomalacia,”

“asthma,”
“mechanical

» o« » o«

esophageal atresia,

» <«

tracheoesophageal
fistula,” “acute bronchiolitis,” “sputum induction,” “guideline,” and
“management” were used. Appropriate variations in search phrases
and Boolean operators (AND, OR) were used. Randomized
controlled trials, case reports, practice guidelines, systematic literature
reviews, and meta-analyses were included. Animal studies and
studies published in a language other than English were excluded.
Duplicates were removed during the screening procedure. After an
extensive search, 12 clinically relevant questions (Supplementary
Table S2) were drafted to facilitate discussion. A virtual meeting was
conducted on 24 June 2022 to finalize the questionnaire. Key articles
were shortlisted and circulated among the expert panel members.

2.3. Consensus process

The class of recommendation (COR) and certainty of evidence
(COE) were weighed and graded according to predefined scales as
outlined in Table 1 (3-5). The COR was based on the grading
system used by Knuuti et al., which was suitably modified and
adapted to current settings (3). A roundtable meeting of experts
was held on 23 August 2022 to finalize the recommendations on
the role of inhaled mucoactive drugs in pediatric respiratory
disease conditions. To assess the COE, we employed the Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) technique, as defined in the GRADE handbook (4, 5).

Expectorants

Increase the hydration or fluid content
of airway secretions and improve
airway clearance (hypertonic saline,
isotonic saline, mannitol).

Mucolytics

Break down mucins at the cross-linked
disulfide bonds across adjacent cysteine
residues and reduce mucus viscosity
(N-acetylcysteine and dornase alfa).

FIGURE 1
Classification of mucoactive drugs by the mechanism of action.

Mucoregulators

Decrease secretions by inhibiting
mucus production or by decreasing
inflammation (anticholinergic agents
and macrolide antibiotics).

Mucokinetic

Improve the effectiveness of ciliary
propulsion or cough in secretion clearance
(bronchodilators and ambroxol).
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TABLE 1 Definitions: (A) class of recommendation; and (B) certainty of evidence.

1. Class of recommendation (COR)
Class I

Class 11
procedure”
Class III

cases may be harmful”

2. Certainty of evidence (COE)

“Evidence and/or general agreement that a given treatment or procedure is beneficial, useful, or effective”
“Conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of the given treatment or

“Evidence or general agreement that the given treatment or procedure is not useful/effective, and in some

“Agreement” (“Recommended” or
“indicated”)
“Conditional agreement” (“May be
considered”)

“Disagreement” (“Not recommended”)

High “Further research is very unlikely to change our confidence in the estimate of the effect”

Moderate “Further research is likely to have an important impact on our confidence in the estimate of the effect and may change the estimate”

Low “Further research is very likely to have an important impact on our confidence in the estimate of the effect and is likely to change the estimate”
Very low “Any estimate of effect is very uncertain”

Adapted from: Knuuti et al. (3), GRADE handbook for grading quality of evidence and strength of recommendations (4) and Atkins et al. (5).

The COE for each of the outcomes was independently evaluated by
two authors. We rated the evidence from RCT's as being of high quality
and downgraded it to one level for serious (or two levels for very
serious) limitations based on the following considerations: design
(risk of bias), consistency across studies, directness of evidence,
precision of estimates, and presence of publication bias. After the
group discussion, clinical consensus statements were formulated
based on the opinions and agreement of the majority. During group
discussions, all panelists were encouraged to participate actively. The
differences in opinions were discussed and resolved. Certain
recommendations are based on the collective clinical judgment from
real-world practice and no grading of recommendations has been
applied for the same. A draft of the clinical consensus statements
and recommendations was circulated among the expert panel for
review. After the second meeting, the experts discussed updating any
new findings (if any). A second round of basic literature searches
was conducted in PubMed/MEDLINE, Cochrane Library, Scopus,
and Embase databases in June 2023 to check for any new updates/
findings. The final draft of the clinical consensus statements and
recommendations was circulated among the expert panel for final
review and approval in the first week of July 2023.

3. Results
3.1. Cystic fibrosis

Cystic fibrosis is a genetic illness caused by a gene defect on
chromosome 7 that encodes for CF transmembrane conductance
regulator (CFTR) protein (6). In patients with CF, mucociliary
clearance is impaired. Evidence (Table 2) showed that inhaled
hypertonic saline (HS; an expectorant) enhanced mucociliary
clearance (15), improved lung clearance index (8, 16), and reduced
pulmonary exacerbations (17) in children with CF as compared
with isotonic saline. Salbutamol followed by inhaled 3% HS
positively affected structural lung changes relative to 0.9% saline
(9). Higher HS strengths (5%, 6%, or 7%) may have the same or
better effect. However, more research is needed in a developing
country setting like India. In children with CF, the use of inhaled
mannitol, a hyperosmotic mucoactive drug, also resulted in an
improvement in lung function [forced expiratory volume in 1s
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(FEV1)] (12, 18, 19). Clinical evidence supports the use of
recombinant human DNAase I (rhDNase; dornase alfa), a
mucolytic drug as it improved lung function (FEV1) and reduced
pulmonary exacerbations in children with CF (20, 21). N-
acetylcysteine (NAC), a mucolytic drug, causes cleavage of disulfide
bonds to two sulthydryl groups, resulting in thinning of the mucus
(1). No beneficial effect of NAC on lung function has been
reported in children with CF (14). Heparin inhalation showed no
FEV1, or

inflammatory markers in adults with CF (22). Currently, there is

significant effect on sputum clearance, sputum

no evidence of the role of inhaled heparin in children with CF.

3.1.1. Expert opinions/consensus
recommendations

Children with CF would benefit from initiation of HS
inhalation (6% or 7%; twice or thrice daily) from the time of
diagnosis (COR: I, agreement, very low CoE).

The experts concurred that HS inhalation (6% or 7%; twice or
thrice daily) as an adjunct to the airway clearance technique (ACT)
can enhance mucociliary clearance and reduce pulmonary
exacerbations in children with CF based on real-world practice
(COR: 1II, conditional recommendation, very low CoE). As local
side-effects are common after a higher strength of HS (6%
and 7%) that may affect tolerability, more research on 3% HS is
needed.

Inhaled dry powder mannitol (400 mg; twice daily) is useful
for clearing retained airway secretions in children with CF
(COR: 1II, conditional recommendation, very low to low CoE).
However, a mannitol dry powder inhaler is currently
unavailable in India for managing mucus hypersecretion in
children with CF. The experts suggested that tolerability testing
is needed before treatment.

Dornase alfa (thDNAse; 2.5mg; once or twice daily) in
nebulized form is useful in reducing the risk of exacerbations of
respiratory symptoms requiring parenteral antibiotics in children
with CF (COR: I, agreement, moderate to high COE). However,
rhDNase is currently unavailable in India and the cost associated
with therapy is high for managing mucus hypersecretion in
children with CF.

The use of NAC is not beneficial in children with CF. However,

more data are needed (COR: III, disagreement, very low COE).
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TABLE 2 Clinical studies of inhaled mucoactive drugs in CF.

10.3389/fped.2023.1322360

A 0 dy design and dy group e ding Qua erta 0

and yea evidence pe
RAD eria

HS and NS

Wark et al. (7) | Systematic review CF with stable lung disease (246 participants from four trials): | Very low COE.

4 HS (3%-7% vs. placebo) improved FEV; (MD: 3.3%) at 4 weeks.

5 HS improved LCI by 0.6 units (MD) at 48 weeks vs. NS (two
trials; 192 participants).

6 The study reported uncertainty around the impact of HS and
differences in mucociliary clearance, pulmonary
exacerbations, or AEs vs. placebo.

More data are needed.

CF with acute exacerbation (130 participants from one trial):

« No significant difference in FEV, between HS and NS/
placebo (MD: 5.1%) in FEV, at 4 weeks

« No serious AEs were reported

Very low COE
More data are needed.

Ratjen et al.
(8)

« Multicenter, double-blind RCT
« Studied the impact of twice-daily inhaled 7% HS on
LCI, s in preschool children with CF vs. NS.

150 preschool children (3-6 years of age) with early CF lung

disease.

o HS led to a significant improvement in LCI,_s by 0.63 units
in 48 weeks.

o None of the serious AEs were treatment-related.

Low COE
More data are needed.

Tiddens et al.
©)

6 Multicenter, double-blind RCT.

7 Evaluated the effect of inhaled 7% HS on chest CT in
preschool children with CF.

8 Salbutamol followed by either 7% HS or NS twice daily for
48 weeks.

116 preschool children (3-6 years of age) with early CF lung

disease.

o HS led to a significant positive effect on structural lung
disease based on chest CT imaging.

Low COE
More data are needed.

HS (3%-7%) vs. rhDNase

Wark et al. (7)

Systematic review

CF with stable lung disease (61 participants from two trials):

6 No significant difference in FEV; between HS and rhDNase
(MD: 1.6%) in FEV, at 3 weeks.

o rhDNase led to a greater increase in FEV; (MD: 8%) at 3
months.

o Other outcomes were not reported.

Very low COE
More data are needed.

Low COE
More data are needed.

HS (3%-7%) vs. mannitol

Wark et al. (7)

Systematic review

CF with stable lung disease (12 participants from one trial):

« Lung function outcomes were not reported at different time
points.

« No difference in sputum clearance between the HS and
mannitol study arms.

« Mannitol was reported to be more irritating compared with HS.

Very low COE
More data are needed.

HS 3% vs. 7%

Wark et al. (7)

Systematic review

CF with stable lung disease (30 participants from one trial):

o The study reported uncertainty about whether there was an
improvement in FEV,% predicted after treatment with 7%
HS vs. 3% HS.

Very low COE
More data are needed.

Timing of HS

administration

Elkins et al.
(10)

Systematic review

CF with stable lung disease (77 participants from three trials):

o Before or during ACT may maximize perceived efficacy and
satisfaction.

o The study highlighted that HS inhalation before or during
ACT may maximize perceived efficacy and satisfaction.

« Twice-daily inhalations have been shown to have long-term
efficacy.

Until information comparing various regimens is available, the

time of day at which it is inhaled may be determined by

convenience or tolerability if only one dose per day is tolerated.

Low COE
More data are needed.

Inhaled dry powder mannitol vs. nonrespirable mannitol or rhDNase or HS

Nevitt et al.
an

Systematic review

CF with stable lung disease (784 participants from six studies):

o The study found no difference in QoL between the
mannitol and control groups or mannitol administered
with or without additional rhDNase.

o The review highlighted improvements in some measures of
lung function (FEV, [ml], FEV,% predicted, FVC [ml],
FEF,5_5 ml/s) with mannitol (over 6 months) vs. control.

Low to very low COE.
More data are needed.

Moderate COE Low COE

More data are needed.
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TABLE 2 Continued

Author
and year

Study design and study groups

Key findings

o The occurrence of side effects (cough and bronchospasm)
was not significantly different between the mannitol and
control arms.

« No studies compared mannitol vs. HS.

10.3389/fped.2023.1322360

Quality/certainty  of
evidence (per
GRADE criteria)

Sadretal. (12) | « RCT

o Assessed the efficacy of soluble mannitol (150 mg/ml; .
twice a day) in NS vs. inhaled 5% HS (four times a day)
for 2 weeks in children (>5 years of age) with CF.

« Note: Both groups received inhaled salbutamol
pretreatment.

CF with stable lung disease (30 participants from one trial):
Inhaled soluble mannitol significantly improved pulmonary | More data are needed.
function (FEV,) that was not seen with HS (5%) at 2 weeks
of treatment.

Very-low COE

rhDNase vs. placebo, no treatment, or HS

Yang et al. Systematic review Dornase alfa compared with placebo or no treatment (1,708 | Moderate to high
(13) participants from eight trials): COE
o Dornase alfa improved lung function within 1 month.
« Fewer pulmonary exacerbations or flare-ups of lung
inflammation on long-term use.
Daily vs. alternate day (43 participants from one trial): Low COE

« No difference between daily vs. alternate day treatment
schedules of rhDNase on lung function, QoL, or pulmonary
exacerbations.

More data are needed.

Compared with HS (43 participants from one trial):
o Greater improvement of lung function with rhDNase vs. HS.

Low COE
More data are needed.

NAC (inhaled or oral) vs. placebo

Duijvestijn Systematic review Nebulized NAC (28 participants from three trials): Very low COE More data are
et al. (14) « No beneficial effect on lung function. needed.
Oral NAC (181 participants from six trials): Very low COE

« The tendency towards a beneficial effect on lung function of | More data are needed.
oral NAC therapy on FEV, it was small and of doubtful
clinical relevance.

ACT, airway clearance technique; AE, adverse event; CF, cystic fibrosis; COE, certainty of evidence; CT, computed tomography; FEF,s_7s, forced expiratory flow at 25%—
75% of FVC; FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; GRADE, grading of recommendations assessment, development and evaluation; HS,
hypertonic saline; LCI, lung clearance index; MD, mean difference; NAC, N-acetylcysteine; NS, normal saline; QoL, quality of life; RCT, randomized controlled trial;

rhDNase, recombinant human deoxyribonuclease |.

3.2. Non-CF bronchiectasis

Bronchiectasis is a chronic respiratory disease associated with
wet cough in children and recurrent infective exacerbations
impacting the quality of life (QoL) (23, 24). Treatment for non-
CF bronchiectasis consists of management of nutrition, airway
clearance, and antibiotics for exacerbations (23, 24). Tarrant
et al. systematically reviewed the effects of mucoactive drugs in
chronic non-CF bronchiectasis. Both HS (6% or 7%) and normal
saline (0.9% sodium chloride; NS) improved FEV1, forced vital
capacity (FVC), and forced expiratory flow25%-75% (FEF25%-—
75%) in bronchiectasis after one dose and after 3-12 months
(25). Mannitol failed to improve spirometry in bronchiectasis.
On the contrary, rhDNase caused significant reductions in FEV1
and FVC, but
spirometry (25). Another review of inhaled HS in bronchiectasis

increased exacerbation rate, and reduced
found that it improved expectoration, reduced sputum viscosity,
improved reduced the

exacerbations (23). The British Thoracic Society guidelines for

lung function, and frequency of

the management of non-CF bronchiectasis in adults mention
that inhaled HS may be used as an adjunct to physiotherapy

Frontiers in Pediatrics

(26). The use of rhDNase is not advised as it worsens lung
function due to an increase in exacerbation frequency. In
addition, it states that there is no definitive clinical evidence to
confirm its use in children or adults with bronchiectasis (26).
Anuradha et al. highlighted that inhaled salbutamol (200 ug)
followed by 3% HS nebulization twice daily for 8 weeks before
chest physiotherapy significantly improved FEV1 in children (N
=26; 5-15 years of age) with non-CF bronchiectasis (27). In
addition, improvement in FVC and reduction in the frequency of
exacerbation were significant compared with conventional ACT
(N=26; inhaled salbutamol before chest physiotherapy) (27).
Table 3 lists clinical studies of inhaled mucoactive drugs in
chronic non-CF bronchiectasis.

3.2.1. Expert opinions/consensus recommendations

Evidence on the efficacy and safety of inhaled HS in adults with
non-CF bronchiectasis is available, and it is beneficial (low CoE).
More research into the pediatric population is required. Based on
the data available for adults, the experts proposed that the
inhaled HS before chest physiotherapy can be tried in children
with non-CF bronchiectasis until more data are available.
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TABLE 3 Clinical studies of inhaled mucoactive drugs in chronic non-CF bronchiectasis.

A or and d e ding Qua erta of evidence
ea desig pe RAD eria

HS vs. NS

Tarrant et al. | Systematic Chronic non-CF bronchiectasis (92 adult participants from three trials): Low COE (based on the pooled data

(25) review .

was better than other therapies (28)

One trial of a factorial design with patients randomized to receive: (i) active cycle breathing;
(ii) nebulized terbutaline then active cycle breathing; (iii) nebulized terbutaline, NS then active
cycle breathing; and (iv) nebulized terbutaline, HS [7%] then active cycle breathing). In terms
of lung function improvement and sputum clearance at 3 months, this trial discovered that HS

o The other trial compared HS [7%] vs. NS in a cross-over design. Improvement in lung
function, QoL, and healthcare utilization was better in the HS group (29)

o The third trial compared HS [6%] vs. NS. There was no difference in the number of
exacerbations, QoL, sputum colonization, and respiratory function over 12 months (30)

from these trials).
Data needed in the pediatric population.

Mannitol vs. placebo

Tarrant et al.
(25)

Systematic
review .

Chronic non-CF bronchiectasis [804 pediatric (adolescent) and adult participants from two trials]:
The two trials found that mannitol was no better than the control in terms of improvement of
QoL. AEs were similar between the two groups (31, 32). However, in one trial the time to first
pulmonary exacerbation was increased on mannitol (32).

Low COE
Data exclusively on the pediatric
population are needed.

rhDNase vs. placebo

Tarrant et al. | Systematic Chronic non-CF bronchiectasis (409 adult participants from two trials): Moderate COE

(25) review o One (60 patients) trial administered rhDNase for 2 weeks (33) and the other (349 patients) for | Data needed in the pediatric population.
24 weeks (34). A detrimental effect (decline in lung function and increase in exacerbation rate)
was reported (34).

NAC

No trials were identified

AE, adverse event; CF, cystic fibrosis; COE, certainty of evidence; GRADE, grading of recommendations assessment, development and evaluation; HS, hypertonic saline;
NS, normal saline; NAC, N-acetylcysteine; QoL, quality of life; rhDNase, recombinant human deoxyribonuclease |.

The HS risk  of
bronchospasm. Based on real-world experience similar to that
of children with CF, the experts suggested that inhaled
salbutamol followed by HS before chest physiotherapy and

inhalation is associated with the

postural drainage can be helpful in children with non-CF
bronchiectasis. Multicenter RCTs are required to evaluate the
efficacy and safety of inhaled HS in children with non-CF
bronchiectasis.

TABLE 4 Clinical studies of inhaled mucoactive drugs in under-five wheezing (A) and asthma (B).

Author and dy design and dy group e ding Qua erta 0
ea evidence (pe
RAD eria
HS vs. NS
Under-five « RCT Under-five wheezing (acute, moderate to severe Low COE
wheezing 5 Compared the efficacy of 5% HS (twice every 20 min in the ED and | wheezing) (41 children): More data are needed.

Ater et al. (35) | four times a day later if hospitalized) on wheeze in children after

salbutamol inhalation to NS.

« Shorter hospital stays with HS (2 days) vs. NS (3
days). Decrease in admission rate: 62% (HS) vs.
92% (NS).

bronchial obstruction.

Under-five « RCT Under-five wheezing (acute, moderate to severe
wheezing 6 Evaluated the effectiveness of inhaled salbutamol in 3% HS (every 4- | wheezing) (47 children):

Kanjanapradap | 6 h until discharge) relative to NS/salbutamol in children with « Shorter hospital stays with HS (2 days) vs. NS (3
et al. (36) wheezing. days).

o Decreased duration of oxygen therapy with HS (1%
days) vs. NS (3 days).

« Significant improvement in asthma severity score,
respiratory rates, and oxygen saturation at 12 h in
the HS group.

Asthma « RCT Stable asthma (50 children):
Teper et al. « Studied the bronchodilator response to salbutamol when inhaled | « 6 (24%) patients in the NS group had a decrease in
37) with 3% HS vs. NS in asthmatic children with mild or moderate FEV, at 30 min compared with those at baseline.

« Improvement in FEV; in the HS group at 30 min
(Note: none of the patients had a decrease in FEV,
at 30 min).

COE, certainty of evidence; ED, emergency department; FEV;, forced expiratory volume in 1s; GRADE, grading of recommendations assessment, development and
evaluation; GRADE, grading of recommendations assessment, development and evaluation; HS, hypertonic saline; NS, normal saline; RCT, randomized controlled trial.
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Evidence on the efficacy and safety of inhaled mannitol in
adolescents and adults with non-CF bronchiectasis is available
(low CoE). However, inhaled mannitol may not be readily
available in India, and data on children are required.

There are no pediatric studies that assessed the efficacy and
safety of rhDNase in non-CF bronchiectasis. The data in adults
show that it worsens lung function (moderate CoE). Thus, the
experts agreed that, currently rhDNase should not be used in
children with non-CF bronchiectasis.

3.3. Acute wheezing

Ater et al. studied the effectiveness of 5% HS on acute wheezing
(Table 4A) in children after salbutamol inhalation relative to NS
(35). Inhaled HS substantially shortened the stay and admission
rate (35). In children with acute viral wheeze, HS/salbutamol
significantly reduced hospital stay and oxygen therapy time, and
improved asthma clinical severity score quicker than NS/
salbutamol (36).

3.3.1. Expert opinions

HS alone has never been used to treat children with acute
wheezing as it can provoke bronchospasm.

HS (5% and 3%), when used along with salbutamol, has
been shown in two studies by Ater D et al. (35) and
Kanjanapradap T et al. (36) to have a positive effect (shorter
length of hospital stay) in preschool wheeze relative to NS.
However, the experts unanimously agreed that the current state
of evidence is inadequate to recommend the routine use of HS in
clinical practice in children with acute wheezing. (COR: III,
disagreement, low CoE).

3.4. Asthma

Asthma is an inflaimmatory chronic airway disease
characterized by bronchial hyperresponsiveness and airflow
obstruction. Wheezing, mucus hypersecretion, and mucus
plugging are reported in patients with asthma, especially during
exacerbations (37). Short-acting beta2-agonist bronchodilators,
such as salbutamol and systemic corticosteroids, are usually
advised for asthma exacerbations (37). It has also been seen that
salbutamol produced a greater bronchodilator response (FEV1
and maximum mid-expiratory flow) when inhaled with 3% HS
vs. NS in asthmatic children with mild or moderate bronchial

obstruction (Table 4B) (37).

3.4.1. Expert opinions/consensus
recommendations

HS alone has never been used to treat children with asthma as
it can provoke bronchospasm.

The current state of evidence is inadequate to recommend the
routine use of HS in clinical practice for asthma. There is a need for
well-designed multicenter RCTs to assess the role of HS in children
with asthma. (COR: III, disagreement, very low CoE).
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3.5. Primary ciliary dyskinesia

Primary ciliary dyskinesia is a rare disorder characterized by
motile ciliary dysfunction. This leads to an array of clinical
manifestations, including neonatal respiratory distress (in term
infants), persistent wet cough, rhinitis without remission, chronic
sinusitis (in childhood), and bronchiectasis (in adolescence) (38).
Currently, there is a lack of RCTs that have assessed the
effectiveness of mucoactive drugs in children with PCD. Few case
studies have highlighted the use of inhaled HS and rhDNase in
the management of PCD in children (39, 40). The European
Respiratory Society (ERS) consensus statement suggests: (i)
inhaled NS or HS to increase mucus clearance (low-quality

TABLE 5 Clinical studies of inhaled mucoactive drugs in PCD.

Author | Study design | Key findings Quality/
and year | and study certainty of
groups evidence
(per GRADE
criteria)
HS vs. NS
Paff et al. « RCT PCD (44 adult Very low COE.
(41) « Patients received | participants): More data are
twice-daily o In this cross-over required in the
inhalations of HS design, though the pediatric
(7%) or NS for QoL improved more population.
12 weeks. after HS inhalations
than after NS
inhalations, the
difference was not
statistically significant.
o AEs were more
common after HS but
were mild (throat
irritation, cough, and
chest tightness).
HS
Kaspy et al. | Retrospective study | PCD (34 infants): Very low COE.

(42) « Early initiation of HS | More data are

nebulization during needed on
the neonatal period in

PCD-diagnosed cases

infants and
children.
led to decreased
hospitalization,
improved nasal
hygiene, and other
outcomes.

NAC vs. placebo
Stafanger RCT PCD (13 participants):
et al. (43) .

Very low COE.
In this cross-over More data are
design, NAC, either
200 mg x 3 daily
(patients weighing
<30 kg) or 400 mgx 2
daily (>30 kg) for two
3-months periods did

needed on the
pediatric
population.

not find any benefit.

Dornase alfa

No trials were identified

AE, adverse event; COE, certainty of evidence; GRADE, grading of
recommendations assessment, development and evaluation; HS, hypertonic
saline; NAC, N-acetylcysteine; NS, normal saline; PCD, primary ciliary dyskinesia;
Qol, quality of life; RCT, randomized controlled trial.
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evidence, weak recommendation); or (ii) inhaled rhDNase in
with PCD (low-quality
recommendation) (38). Pediatric PCD patients require mucus

selected patients evidence, weak
hypersecretion management when they develop bronchiectasis,
Table 5 lists clinical

studies of inhaled mucoactive drugs in the management of PCD.

also known as non-CF bronchiectasis.

3.5.1. Expert opinions/consensus
recommendations

There is a lack of RCTs that have assessed the effectiveness of
inhaled HS in children with PCD. Adult studies of inhaled HS or
NS on non-CF bronchiectasis show beneficial effects. Thus, the
evidence on adults can be extrapolated to pediatrics. In line with
the ERS consensus statement, the experts agreed that the use of

10.3389/fped.2023.1322360

inhaled NS or HS should possibly be considered to increase
mucus clearance in patients with PCD (COR: II, conditional
agreement) (38).

The use of NAC is not recommended in children with PCD
(COR: 111, disagreement, very low CoE).

3.6. Critically Ill on mechanical ventilator
support

(VAP) is a serious

complication related to mechanical ventilation in the neonatal

Ventilator-associated ~ pneumonia

period in pediatric intensive care units. Ezzeldin et al. found a
significant reduction in the incidence density of VAP (Table 6)

TABLE 6 Clinical studies of inhaled mucoactive drugs in children on mechanical ventilation.

Author and | Study design and study groups

Key findings

Quality/certainty of

year

Mucoactive agents

evidence (per
GRADE criteria)

Anand et al. (44)

Systematic review

Patients on mechanical ventilation (1,712 participants from

three trials):

« Four drugs used: NAC, HS (3%), heparin, and ambroxol.

« The study did not support the use of mucoactive agents in
critically ill patients with acute respiratory failure.

Low COE
More data are needed.

HS vs. NS/placebo

Shein et al. (45)

1. RCT

2. Children who had been intubated (for less than 12 h) and
had an expected duration of mechanical ventilation (>48
additional hours) were given HS (3%) or NS 4 times/day

Children on mechanical ventilation (18 participants):

« Nebulized HS did not improve outcomes, including the
duration of mechanical ventilation.

« Wheezing after HS treatment was rare.

Very low COR.
More data are needed.

Ezzeldin et al.
(46)

RCT
o Studied the effectiveness of 3% HS (twice daily; as an
adjunct to VAP prevention protocol) to reduce the

incidence of VAP in intubated and mechanically
ventilated premature infants.

Preterm infants on mechanical ventilation (100 participants):
« Nebulized HS may help preserve lung clearance
mechanisms and reduce VAP in premature infants.

Very low COE.
More data are needed.

rhDNase vs. placebo

Riethmueller
et al. (47)

RCT
Studied the impact of rhDNase during postoperative

—_

ventilation on the duration of ventilator support and
incidence of atelectasis vs. NS.

Infants on mechanical ventilation (100 participants):
o Reduced atelectasis, reduced time on mechanical
ventilation, and shorter ICU stay with rhDNase.

Very low COE
More data are needed on
children.

Youness et al.
(48)

RCT
« Patients were randomized into three study groups: (i)
rhDNase; (ii) HS (7%); and (iii) NS every 12 hours

Adults on mechanical ventilation (33 participants in a three-

arm trial):

« HS was no more effective than NS in this study
population.

« In mechanically ventilated patients with newly developed
atelectasis who received twice-daily rhDNase nebulization,
there was no appreciable improvement in the chest x-ray
atelectasis score. HS was no more effective than NS in this
study population.

Very low COE
More data are needed on
children.

Zitter et al. (49)

RCT
« Patients received rhDNase or placebo twice daily until
extubation, death, transfer, or 30 days

Adults on mechanical ventilation (30 participants):

Over the first 5 days of treatment, rhDNase did not
improve the appearance of atelectasis on chest radiographs
or the overall chest x-ray score in mechanically ventilated
patients.

.

Very low COE
More data are needed on
children.

day for 1 day.

of mucous plugs in mechanically ventilated patients.

NAC vs. NS
Masoompour « RCT Adults on mechanical ventilation (40 participants): Very low COE.
et al. (50) « Patients were randomized to receive NAC or NS thrice a | « NAC was not effective more than NS at lowering the density | More data are needed on

the pediatric population.

COE, certainty of evidence; GRADE, grading of recommendations assessment, development and evaluation; HS, hypertonic saline; NAC, N-acetylcysteine; NS, normal

saline; RCT, randomized controlled trial; rhDNase, recombinant human deoxyribonuclease I; VAP, ventilator-associated pneumonia.
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with a 3% HS group as an adjunct to VAP prevention protocol in
intubated and mechanically ventilated premature infants (46).. In
mechanically ventilated children after cardiac surgery, inhaled
rhDNase resulted in a reduction in the duration of ventilator
support by approximately 1 day and lowered the incidence of
atelectasis vs. NS (47).

3.6.1. Expert opinions/consensus
recommendations

Inhaled HS (3%) has been shown to reduce the incidence
density of VAP in intubated and mechanically ventilated
premature infants. However, further research is needed in
children (COR: III, disagreement, very low CoE).

Dornase alfa has been shown to reduce the length of stay and
duration of ventilation in intubated and mechanically ventilated
infants. However, further research is needed in children (COR:
III, disagreement, very low CoE). It is also not available in India.

In adults, NAC has not been shown to be more effective than
NS (COR: III, disagreement, very low CoE). Further data are
needed on the pediatric population.

3.7. Tracheomalacia and
tracheobronchomalacia

Tracheomalacia and tracheobronchomalacia have been
increasingly recognized in children in recent years. Depending on
the site and severity of the lesion, clinical presentation includes
early onset stridor or fixed wheeze, recurrent infections, and
cough (51). Isotonic saline or HS can aid in mucus clearance
(52). Boogaard et al. found that in children with airway
Tracheobronchomalacia and lower respiratory tract infections
(Table 7A), the use of inhaled rhDNase did not enhance
recovery from respiratory symptoms markedly cough, dyspnea,

and difficulty in sputum expectoration (56).

3.7.1. Expert opinion

There is limited evidence regarding the role of inhaled
drugs with
tracheobronchomalacia. Further research evaluating the efficacy

mucoactive in patients tracheomalacia and
and safety of inhaled mucoactive drugs in tracheomalacia and
tracheobronchomalacia is needed in pediatric patients. (COR: III,

disagreement, very low CoE).

3.8. Esophageal atresia with
tracheoesophageal fistula

Congenital esophageal atresia (EA with tracheoesophageal fistula
(TEF is a rare condition that occurs in 1 per 3,000 live births.
Recurrent pneumonia, wheezing, and persistent cough are noted in
these children (57). Inhaled NAC (Table 7B) has shown promising
results in liquefying the airway secretions in EA with TEF and
patients were discharged earlier than when treated with NS (54).
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TABLE 7 Clinical studies of inhaled mucoactive drugs in children with
tracheobronchomalacia and EA with TEF.

Author
and year

Study design | Key findings

Quiality/
CoE (per
GRADE
criteria)

14 Tracheobronchomalacia (rhDNase vs. placebo)

Goyal et al. | Systematic Children with airway Very low
(53) review tracheobronchomalacia and COE
respiratory infection (40 from one | More data
trial): are needed.
o Inhaled rhDNase did not
enhance recovery from
respiratory symptoms (cough,
dyspnea, and difficulty in
sputum expectoration).
15 EA with TEF (10% nebulized NAC vs. NS)
Singh et al. | Non-RCT Children (30 participants): Very low
(54) (Intervention + Nebulized NAC led to COE
study) decreased consistency of More data
secretions, earlier discharge, are needed.
and a higher survival rate vs.
the control group.
Pandey Observational Children (7 participants):
et al. (55) study « Nebulized NAC given in both
preoperative and postoperative
periods led to earlier surgery
and a smooth postoperative
course.
COE, certainty of evidence; EA with TEF, esophageal atresia with

tracheoesophageal fistula; GRADE, grading of recommendations assessment,
development and evaluation; NAC, N-acetylcysteine; NS, normal saline; RCT,
randomized controlled trial; rhDNase, recombinant human deoxyribonuclease |.

3.8.1. Expert opinions/consensus recommendations

There is limited evidence regarding the role of inhaled NAC in
patients with EA with TEF. More prospective RCTs are required to
make strong recommendations. (COR: III, disagreement, very low
CoE).

3.9. Acute bronchiolitis

Acute bronchiolitis is a common cause of hospitalization and
morbidity in infancy (58). The mainstay of therapy for acute
bronchiolitis includes airway support, gentle nasal suctioning, fluid
administration, and adequate nutrition (58, 59). Evidence (Table 8)
suggests that inhaled HS shortened the length of hospital stay and
improved the clinical severity score (in the first 3 days) in children
with acute bronchiolitis (58, 63-65). Furthermore, treatment with
inhaled HS may also substantially reduce the risk of hospitalization
among outpatients and emergency department patients (58). Only
one study assessed the effectiveness of inhaled NAC solution in
In children with acute viral
bronchiolitis, inhaled NAC in NS displayed an improvement in

children with acute bronchiolitis.

clinical severity score and resulted in early discharge from the
hospital in children relative to salbutamol (62).

3.9.1. Expert opinions/consensus recommendations

Inhaled HS therapy offers benefits in terms of reduced rate of
hospitalization and readmission rates in infants and children with
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TABLE 8 Clinical studies of inhaled mucoactive drugs in children with
acute bronchiolitis.

Author | Study design and | Key findings Quality/
certainty of
evidence
(per GRADE

criteria)

and year | study groups

HS vs. NS/standard care

Zhang
et al. (60)

Low COE.
More data are

Infants (5,205 from 34

trials):

»  Modest reduction in
length of stay in
hospitalized infants
and a slight

Systematic review

needed.

improvement in
clinical severity score.

« Reduction in the risk
of hospitalization
amongst patients with
outpatients and ED.

«  Minor and
spontaneously
resolved AEs,
particularly when
administered in
conjunction with a
bronchodilator.

Nebulized

Enriquez
et al. (61)

rhDNase alone or in combination vs. placebo

Systematic review Infants (333 from three

trials):

Very low COE.
More data are
o Treatment did not needed.
reduce hospitalization
time or enhance
clinical outcomes. It
could be useful in
severe bronchiolitis
complicated by
atelectasis.

NAC

Naz et al. 1.
(62) 2.

Prospective RCT 1.
Compared the

As compared with
salbutamol, inhaled
NAC displayed
improvement in
clinical severity score
and resulted in early
discharge from the
hospital in children
(N=100; 2-24
months of age).

2. No AEs were
observed.

Very low COE.
More data are
efficacy of inhaled needed.
NAC (20 mg) in
NS vs. salbutamol
(2.5 mg) in NS as
inhaled aerosol
thrice daily for 5
days.

AE, adverse event; COE, certainty of evidence; ED, emergency department;
GRADE, grading of recommendations assessment, development and evaluation;
HS, hypertonic saline; NS, normal saline; RCT, randomized controlled trial; NAC,
N-acetylcysteine; rhDNase, recombinant human deoxyribonuclease |.

acute bronchiolitis. The experts suggested that inhaled salbutamol
followed by HS (3%; every 6-8h until discharge) may be
(COR: TI,
conditional agreement, low CoE). The experts suggested that in

considered in children with acute bronchiolitis

certain phenotypes of bronchiolitis (history of atopy or
wheezing), salbutamol may be considered.

Inhaled NAC is not studied well in acute bronchiolitis and is
not commonly used in children with acute bronchiolitis.

Multicenter RCTs are required to evaluate the efficacy and
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safety of inhaled NAC in children with acute bronchiolitis (very
low CoE).

3.10. Sputum induction

Suri R et al. assessed the effectiveness (Table 9) of sputum
induction (SI) with 7% inhaled HS on airway inflammation in
children with CF (67). Sputum induction was found to be safe
with no evidence of a proinflammatory effect. Furthermore, SI
helped in the identification of organisms in culture-negative
symptomatic children, circumventing the need for bronchoscopy
(67). Ferreira et al. found that SI capacity was significantly
increased in children with CF after 7% HS inhalation (68).
Pathogen yield from SI was shown to be superior to cough
swabs, and the technique can be used as a substitute for
bronchoalveolar lavage in children with CF (69). Ultrasonic
nebulizers are more successful in inducing sputum relative to jet
and pretreatment with salbutamol can inhibit
induced by HS inhalation (70). The
usefulness of SI has also been studied in adult patients with
with 7% HS
bacteriological yield (71). The use of induced sputum samples

nebulizers,
bronchoconstriction
pulmonary  tuberculosis for improving
was more sensitive than gastric washing specimens for the
diagnosis of tuberculosis in patients who could not expectorate

spontaneously (72).

3.10.1. Expert opinion/consensus recommendations

Nebulization with HS (7%) may be considered to facilitate
sputum expectoration even in patients who usually do not
expectorate (COR: II; conditional agreement, very low CoE). This
method has been applied in patients with CF to enhance mucus
clearance, for the identification of infectious agents, and for
cytological examination in inflammatory airway disorders. It may
avoid invasive interventions, such as bronchoscopy, to obtain
better samples for pathogen detection (69).

A comparison of the efficacy and safety data of various
strengths of HS for SI is required.

4. Discussion

Currently, there are no country-specific

recommendations for the treatment of pediatric respiratory
diseases with inhaled mucoactive drugs from an Indian

guidelines/

perspective. Studies have shown that Indian children differ in the
etiology and clinical presentation of certain pediatric respiratory
(e.g, CF, non-CF bronchiectasis)
Western populations (73-75). Furthermore, due to a lack of well-
designed RCTs in this field of study in India, medical
practitioners rely on data from the Western world. To the best of

conditions compared to

our knowledge, this is the first practical consensus document to
assist pediatricians in clinical decision-making when selecting an
appropriate mucoactive medication for the management of
certain respiratory illnesses based on the most recent available
information. Experts recommended inhaled mucoactive drugs
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TABLE 9 Clinical studies of inhaled mucoactive drugs in SI.

Author
and year

Study design and study groups

HS for sputum induction in asthma

Key findings

10.3389/fped.2023.1322360

Quality/certainty of
evidence (per
GRADE criteria)

Gibson et al. | Review

(66) Children >6 years with asthma (over 500 children from various

studies):

« Stable asthma (n = 308), acute asthma (n = 18), and healthy
control subjects (n = 185).

« In most studies, f2-agonist was used as a pretreatment.

There fall in lung function (>10% of baseline) seen in
only 6% of cases quickly reversed with 2-agonists.

Very low COE
More data are needed.

HS for sputum induction in CF

3 Crossover trial

1 Studied the efficacy and safety of SI with 7% inhaled HS in children
with CF.

2 Sputum induction was performed by inhalation of 7% HS using a

Suri et al.
(67)

nebulizer compressor system for 12 min. Patients on regular
bronchodilator therapy (terbutaline sulfate or salbutamol) were
given inhaled bronchodilator (for 10 min) before HS.

Children (48 from 1 study):

Very low COE.
Sputum induction was safe, with no proinflammatory | More data are needed.

effect

Ferreira et al. | 1 Cross-sectional study

Children (64 from 1 study):

intervention for pathogen detection in children with CF.
3 Inhaled 7% HS was administered through a disposable oxygen-
driven jet nebulizer at 5 L/min for 15 min.

(68) 3 Studied the efficacy and safety of SI with 7% inhaled HS in children | Inhalation of 7% HS increased the sputum production
with CF. and detection of pathogens.
After salbutamol inhalation, 7% HS was administered via a face mask
through a noninvasive oxygen delivery method at 3 L/min for SI.
Ronchetti Intervention study (internally controlled) Children (124 from one study):
et al. (69) 2 Studied the effectiveness of SI (with 7% inhaled HS) as a diagnostic | « SI is superior for pathogen detection (vs. cough swabs),

effective in sampling lower airways, and a credible
surrogate for bronchoalveolar lavage.

CF, cystic fibrosis; GRADE, grading of recommendations assessment, development and evaluation; HS, hypertonic saline; SI, sputum induction.

(HS, mannitol, and dornase alfa) in children with CF. Inhaled HS
was conditionally recommended for CF, acute bronchiolitis, and
PCD. Experts agreed that inhaled HS before chest physiotherapy
may be helpful in children with non-CF bronchiectasis, although
more research into the pediatric population is required.
The current state of evidence is inadequate to support the use
of mucoactive drugs in asthma, wheezing, tracheomalacia
tracheobronchomalacia, and EA with TEF. Currently, dornase alfa
and mannitol dry powder are not available for use in India.
Dornase alfa therapy is expensive, but the drug can be imported
and is certainly useful in patients who can afford it. An alternative
lower-cost therapy is inhaled HS, which has shown benefits in CF,
non-CF bronchiectasis, PCD, and acute bronchiolitis. Currently,

3% and 7% HS concentrations of HS are accessible in India.

4.1. Strengths

The panelists were chosen from across India based on their
level of clinical expertise, academic distinctions, and involvement
in relevant clinical research. The expert committee was formed
without any bias in terms of selection.

4.2. Limitation

The patient’s voice was not included in the consensus
process.
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5. Conclusion

In this article, we have summarized clinical consensus
the of inhaled
mucoactive drugs in pediatric respiratory disease conditions
from an Indian perspective. Children with CF would benefit
from the initiation of HS inhalation (as an adjunct to ACT)

statements/recommendations on role

from the time of diagnosis. Clinical evidence supports the
benefits of inhalation of rhDNase and mannitol dry powder
in patients with CF; however, these drugs are currently not
available in India. Experts suggested that inhaled salbutamol
followed by HS
bronchiolitis may be beneficial. Inhaled salbutamol followed

in non-CF bronchiectasis and acute
by inhaled HS can increase mucus clearance in children with
PCD with underlying bronchiectasis and persistent weight
cough similar to other non-CF bronchiectasis. Dornase alfa
has been shown to reduce the length of stay and duration of
ventilation in intubated and mechanically ventilated infants;
however, more data are needed in this regard. The current
state of evidence is inadequate to support the use of
tracheomalacia,
TEF. Further,

make strong

asthma, wheezing,
EA  with

required to

mucoactive drugs in

tracheobronchomalacia, and
RCTs

recommendation. Lastly, population-based studies are required

prospective are a
to validate the effectiveness of inhaled mucoactive drugs in
Indian children with specific respiratory conditions where

mucus hypersecretion is a clinical challenge.
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