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ABSTRACT: Use of aerosols in bronchiectasis patients.
R.W. Dal Negro, C. Micheletto, S. Tognella.

Bronchiectasis is a chronic respiratory disease which
recognises different etiologies, and characterised by per-
sistent cough, bronchial hypersecretion, airway colonisa-
tion with Gram-negative pathogens; frequent infectious
exacerbations; progressive lung function decline, and poor
quality of life.

Several therapeutic strategies are used for managing
bronchiectasis, and nebulised medications are regarded
with great and ever increasing interest because they allow
the direct medication of targets airway structures, higher
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Bronchiectasis is a chronic respiratory condi-
tion characterised by a permanent abnormal dilata-
tion of one ore more large bronchi (>2 mm in di-
ameter) due to destruction of elastic and muscular
components of the airway wall. The morphologi-
cal pattern of bronchiectasis can vary widely and
contributes to their description as cylindrical,
fusiform, or cystic; their extension can be limited
to a small region of one lung or diffuse within both
lungs.

Bronchiectasis can be congenital or acquired,
and there are several known causes of this condi-
tion: broncho-pulmonary infection (viral, bacteri-
al, or fungal) causing necrotising inflammation;
tuberculosis; aspiration of chemical substances; re-
peated aspiration of gastric fluid; cystic fibrosis;
bronchial asthma; COPD (Chronic Obstructive
Pulmonary Disease); sinusitis; ciliary immobility
disorders, and bronchial compression (such as due
to hilar lymphnodes or tumour masses; endo-
bronchial neoplasms; foreign bodies). Predispos-
ing condition are primary and acquired immunod-
eficiencies which affect pulmonary host defenses.

Compared to previous decades, prevalence of
bronchiectasis is declining in recent years; at pre-
sent the high-resolution computed tomography
represents the key diagnostic procedure, and the
role of surgery is palliative and limited to resection
of the most affected segments [1, 2].

Even if signs and symptoms of bronchiectasis
depend on its extension and severity, the hallmarks
of this condition are the presence of chronic
cough; sputum production, bronchial bleeding, and
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concentrations of the drug employed, and much less sys-
temic effects.

In general terms, the available therapeutic strategies
lead to different results depending of whether bronchiec-
tasis are related to cystic fibrosis or not. The effects of the
main classes of drugs for aerosol delivery in bronchiecta-
sis patients have been reviewed and updated.

Further research is needed in order to ameliorate ther-
apeutic interventions in bronchiectasis, both in terms of
new molecules and aerosol formulations to use, and of sys-
tems able to optimize drug delivery and drug effectiveness.
Monaldi Arch Chest Dis 2011; 75: 3, 185-193.

recurrent pneumonia in affected regions. Regard-
less the underlying aetiology, the altered rheology
of bronchial secretions and their inefficient clear-
ance due to the physiological and anatomical ab-
normalities in specialised structures of bronchial
walls lead to superimposed chronic infections in
the majority of bronchiectasis patients and to ex-
acerbations frequently repeated.

Several approaches had been used in the ther-
apeutic management of bronchiectasis, from the
traditional to the most recent ones, and different
routes for drug administration had been tried in or-
der to optimise clinical outcomes.

Administration of drugs via the inhalation
route is regarded with great and ever increasing in-
terest also in respiratory diseases other than
bronchial asthma and COPD (which represent the
most consolidated targets of this way for deliver-
ing medicines), and particularly in bronchiectasis.

The main reasons for the increasing interest in
aerosolized therapeutics are: a much more direct
and effective action of the drug on structural tar-
gets, also in the deep lung; the need of a much low-
er (several-fold) dose than that of the systemic
drug for achieving the same therapeutic response;
and a much lower bioavailability with a dramati-
cally lower incidence of side effects [3-5].

Table 1 summarises the main characteristics of
all inhalation devices quoted in the present review. It
should be noted that when the particle size varies
from <6 p; to 2-6 , or to <2 p, the site of the thera-
peutic target changes substantially (such as,
mouth/oesophageal region, rather than the upper/cen-
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Table 1. - Main characteristics of inhalation devices quoted in the present review

Particle

St ) Oral Lung Intrinsic Inspiratory
Devices e clizical deposition deposition Resistance Flow
. 1/2/Imin-1
efficacy (%) (%) (Mbar 1/2/lmin-1) Dependency
MDIs (metered dose inhalers)
CFC 4-8 60-80 5-10 ++
HFA ~1 20 50-55 +
DPIs (dry powder inhalers)
Diskhaler 4-6 40 10-15 <5 +++
Turbohaler 3-5 30 10-30 5-10 +++
Diskus 3-5 30 30-40 5-10 *
HandiHaler 4-6 <5 +++
Jet nebulisers Variable: ~3-4 inversely ~40 20-40 +++
related to the gas
flow rate and temperature
Ultrasonic nebulisers Variable: a direct ~40 20-40 ++-

function of the length
of the waves produced
on the liquid surface

tral airways, or the peripheral airways. It should be
further noted that the performance of each device al-
so depends on the drug class used (antibiotics;
steroids; bronchodilators; mucoactive drugs; en-
zymes, etc.), independently of its intrinsic character-
istics.

Indeed, there are several classes of inhaled
medications with different properties and indica-
tions which are daily prescribed, or still in devel-
opment, for treating bronchiectasis (tab. 2).

A - Mucoactive agents

The aim of treating bronchiectasis with inhaled
mucolitic agents is to ameliorate tracheobronchial
clearance by affecting rheologic properties of se-
cretions. Subjects with bronchiectasis, whether re-
lated or not to cystic fibrosis, produce viscous and
muco-purulent secretions that can lead to cellular
necrosis and airway damage if not treated, because
endobronchial mucus represents the major cause
of microbial colonisation, being mucus clearance
delayed substantially.

The most studied compound of this class is re-
combinant human DNase, which has been evaluat-

Table 2. - Medication for aerosol delivery in bronchiectasis

A - Mucoactive agents

B - Osmolar agents

C - Anti-inflammatory agent
D - Bronchodilators

E - Aerosol gene transfer

F - Antibiotics

ed in randomised controlled trials carried out on
stable patients with bronchiectasis not due to cys-
tic fibrosis. DNA release from neutrophilic cells is
suggested to underlie the increase in viscosity of
bronchial secretions while inhaled recombinant
human DNase was supposed to affect secretions
by lowering their viscosity and minimizing mucus
plugs and local inflammation. A multicenter study
was carried out in 23 Centres in North America,
Great Britain and Ireland and 349 subjects with id-
iopathic bronchiectasis (that is not related to CF,
such as a peculiar condition characterised by a ge-
netic alteration in membrane osmolality; persistent
airway infection due to a dramatic increase in vis-
cosity of purulent airway secretions, being also
their clearance from the airways extremely re-
duced) were recruited [5]. Subjects received
aerosolised recombinant human DNase or placebo
twice daily for 24 weeks. Primary and secondary
end points were the exacerbation rate and mean %
change in Forced Expiratory Volume in one sec-
ond (FEV,). Exacerbations were defined as abnor-
malities in four of the following nine symptoms,
signs, or laboratory findings: 1) change in sputum
characteristics (such as: volume, consistency,
colour, or hemoptysis); 2) increased dyspnoea; 3)
increased cough; 4) occurrence of fever; 5) occur-
rence or increase in wheezing; 6) decreased exer-
cise tolerance or fatigue: 7) a 10% FEV or Forced
Vital Capacity (FVC) drop from previous stabi-
lized values; 8) radiographic suggesting a new pul-
monary process; 9) changes in chest sounds [6]. A
second placebo-controlled study was carried out in
the aim of assessing both efficacy and safety of the
same compound administered via inhalation 2.5
mg twice daily or once-daily to adults with idio-
pathic bronchiectasis for a 14-day period. Changes
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in spirometric indices and quality of life (such as,
the own patient’s-perceived health status as as-
sessed by means of a questionnaire which investi-
gated seven domains of well-being: cough, dysp-
noea, limitation in daily activities, emotional well-
being, fatigue, disabled days, and perceived over-
all health [6]) were the end points, together with
the ability of sputum clearance (such as, the capa-
bility of ciliated cells embedded within the
bronchial epithelium to clear airway secretions up-
wards from the bronchial tree: this physiological
function is strongly reduced due to the presence of
ciliary dyskinesia in these circumstances) before
and after treatments [7]. Unfortunately no signifi-
cant benefit was obtained in subjects of both trials
and no significant FEV, chance was also con-
firmed in these patients. Nevertheless, inhaled
DNase proved some long-lasting (over a 2-yr peri-
od) spirometric improvement in patients with
bronchiectasis due to cystic fibrosis, even though
in the absence of any significant reduction of in-
fectious events [8].

A further study carried out on fifty-two chil-
dren with cystic fibrosis proved that dornase alpha
is equally effective when assumed before or after
physiotherapy, but when subjects are colonized
with pseudomonas aeruginosa the effect on their
FEV, is more pronounced if dornase alpha is de-
livered after physiotherapy [9].

In addition N-acetylcysteine has been studied
in small samples of subjects with cystic fibrosis for
short periods. Only small improvements in lung
function were measured over a twelve-week
course, and its long-term use is not regarded as the
treatment of choice [10].

A more recent trial further investigated effica-
cy and safety of aerosolised N-acetylcysteine
(twelve puffs, 24 mg) versus matched placebo in
small samples of patients with cystic fibrosis.
Lung function was equally unaffected by the ac-
tive drug and placebo even though a dose-depen-
dent decrease in sputum visco-elasticity (such as,
viscosity and elasticity, which are important rheo-
logic determinants of airway mucociliary trans-
port) was found with the former treatment after
four hours [11].

B - Osmolar agents

Mucus retention in the lung is a characteristic
feature of bronchiectasis which greatly contributes
to facilitate bacteria colonisation within the air-
ways; to elicit the host neutrophilic response, and
to enhance airway damage due to protease activity.

The induction of changes in osmolality of
bronchial secretions represents a therapeutic ap-
proach since long ago. In particular, humidifica-
tion of inspired air (or oxygen) is a technique fre-
quently used in order to ameliorate sputum reten-
tion. The effects of cold water and jet nebulising
humidifiers were investigated in seven adult (41-
64 years) with bronchiectasis (FEV; 29-76% pre-
dicted) during chest physiotherapy according to a
randomized controlled design. Sputum clearance
was assessed by means of a radio-aerosol of hu-

man serum albumin millimicrospheres labelled
with Technetium 99m detected by serial gamma
camera images [12]. Compared to physiotherapy
alone, when humidification was added to physio-
therapy, a significant increase in total wet weight
of sputum collected and a significant increase in
total radiolabel clearance were assessed (both
p<0.05).

Clinical trials have proved that hypertonic
saline (3-14.4%) and mannitol (300-400 mg) are
able to increase clearance of mucus acutely in pa-
tients with bronchiectasis. A reduction in vis-
coelastic properties, in surface tension and spin
ability, and an increase in mucus hydration were al-
so confirmed with these agents. Moreover, inhala-
tion of mannitol 400 mg twice daily for two weeks
improved quality of life significantly in the same
patients [13].

Furthermore, inhalation of hyperosmolar
saline 7% four times daily for two weeks proved
effective in improving mucus clearance and lung
function in cystic fibrosis, and this therapeutic per-
formance was maintained over a twelve month pe-
riod without any change in the bacterial density.

It is now accepted that inhalation of hyperton-
ic saline is able to accelerate tracheobronchial
clearance also in bronchiectasis, likely because it
causes a liquid influx into the airway lumen, thus
affecting rheology of airway secretion at more
favourable regimens and facilitating mucociliary
clearance. Also inhalation of dry powder mannitol
confirmed a similar mechanism of action [14]. In a
recent review, hyperosmolar agents were con-
firmed as effective therapeutic options which are
able to affect both the volume and the rheology of
airway secretions [15].

C - Anti-inflammatory agents

Inhaled corticosteroids (ICS) are commonly
prescribed to treat airway inflammation, particu-
larly in asthma and COPD patients.

ICS (bechomethasone; budesonide, fluticas-
one) have also been used in idiopathic bronchiec-
tasis in order to assess their ability in preventing
exacerbations and improve lung function. Two
short-term trials (6 and 4 weeks respectively) were
carried out according to a randomised, placebo-
controlled design [16;17]. Unfortunately, both
studies (with bechlomethasone and fluticasone, re-
spectively) did not show any significant effect on
spirometric indices (such as, FEV,, FVC, PEFR
(Peak Expiratory Flow Rate), RV (residual Vol-
ume), and diffusing capacity for CO - carbon diox-
ide) and main respiratory symptoms (such as, spu-
tum production, cough, wheezing, and dyspnoea)
when low dosed.

Despite ineffectiveness on lung function, fluti-
casone propionate 500mcg twice daily, but not
placebo, proved significantly effective in lowering
sputum leukocyte density (p<0.05) and concentra-
tion of some pro-inflammatory mediators (such as,
IL-1B, IL-8, and LTB,) in bronchial secretions
from twenty-four patients with stable idiopathic
bronchiectasis, even though their absolute concen-
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tration still remained high also after fluticasone
[17]. Other studies showed that if low-dose ICS
had no effects on sputum, higher-dose ICS (such
as, bechlomethasone dipropionate 1.5 mg daily or
budesonide 1.6 mg daily) tends to improve sputum
volume, respiratory symptoms, lung function, and
bronchial hyperreactivity, particularly in adult pa-
tients with bronchiectasis due to cystic fibrosis
[16, 18].

As a substantial and persistent neutrophil re-
cruitment has a relevant pathogenic role in
bronchiectasis and contributes greatly to sustain
the progressive functional and structural damage
of the airways, the strategic relevance of this ther-
apeutic approach in terms of a possible disease
modifier intervention still remains to be clarified
and it should be assessed more precisely in dedi-
cated long-term trials.

In fact, in a recent trial, fluticasone 500 mcg
twice daily or matched placebo were randomly ad-
ministered to eighty-six patients with bronchiecta-
sis according to a double-blind design for a fifty-
two week period. Of the seventy-two patients who
completed the study (thirty-five and thirty-eight in
the two arms, respectively), significantly more pa-
tients receiving fluticasone than placebo improved
their twenty-four-hours sputum volume (p<0.03),
but their FEV,, FVC, sputum purulence, and exac-
erbation rate proved unchanged. The exacerbation
rate was only improved in the subset of patients
with Pseudomonas aeruginosa infection in whom
also sputum volume was particularly improved af-
ter fluticasone [19]. A recent Cochrane review car-
ried out on six adult studies fulfilling inclusion cri-
teria (a sample of 278 subjects) indicated that there
is insufficient evidence to recommend the daily
use of ICS in adults with stable bronchiectasis
even if their lung function, quality of life, and spu-
tum volume were ameliorated significantly with
high dose ICS [20]. The net improvement obtained
in patients with difficult-to-control clinical condi-
tions had to be balanced with side effects (the oc-
currence, or the enhancement, of hyper-glycaemia;
hormonal disorders, systemic blood hypertension,
impairment of bone metabolism, skin thinning and
bruising, lower lung infections, etc.), registered
with these doses [20].

D - Bronchodilators

As randomised controlled trials aimed to as-
sess the true effectiveness of bronchodilators on
clinical outcomes and mucociliary clearance are
still missing or their level of evidence is quite poor,
and bronchiectasis are frequently characterised by
a persistent airflow obstruction, inhaled bron-
chodilators (such as, 3, adrenoceptor agonists and
anti-cholinergics) are usually prescribed empiri-
cally to these patients [21-24].

Inhaled short-acting [3,-adrenoceptor agonists
have been used in bronchiectasis with the aim of af-
fecting sputum clearance. The effects of nebulised
saline and terbutaline 5 mg were measured by us-
ing Technetium 99m labelled human albumin mi-
crospheres, and compared in eight adults with sta-

ble bronchiectasis. Even if the mechanism was not
clarified, nebulised terbutaline enhanced signifi-
cantly radio-aerosol clearance from the whole lung
when added immediately before chest physiothera-
py [25]. Other studies tend to pinpoint that in adult
patients with bronchiectasis, only those individuals
who are characterised by a substantial bronchial
hyper-responsiveness respond significantly to pro-
longed bronchodilator treatments [26, 27].

Also the effects of anticholinergics in both
acute and stable bronchiectasis have to be further
assessed an no formal recommendation can be
made on the basis of the present evidence [28-29].

It should be noted that the synergistic thera-
peutic value of adding different therapeutic op-
tions via inhalation route (such as, short-acting 3,-
adrenoceptor agonists, DNase, hyperosmolar
agents, and antibiotics) to the same patient several
times daily has never been demonstrated also in
children

E - Aerosol gene transfer

The research in aerosolised medications has
greatly expanded in the last two decades both in
terms of innovative drug formulations and device
technologies specifically targeting the systemic
drug delivery, vaccination, and gene therapy. In
other words, inhalation is increasingly regarded as
a therapeutic route also for drugs which recognise
their targets outside the lung and that should be ad-
ministered safely for a long period of time.

Gene therapy, such as the treatment of any dis-
order by means of the transfer of genetic informa-
tion, nowadays represents a high priority topic of
research and the lung is supposed to represent one
of the major targets for genetic diseases, and par-
ticularly for cystic fibrosis [30, 31].

As cystic fibrosis is an autosomal recessive ge-
netic disease, following the cloning of the cystic
fibrosis transmembrane regulator gene (CFTR),
the opportunity to deliver CFTR directly to the
lung became a priority therapeutic option to inves-
tigate and develop with the aim of minimising the
effects of the underlying chloride defect which is
peculiar for the disease.

In general terms, the ideal vector for gene de-
livery would be characterised as following: have
adequate capacity to carry genetic information be-
ing undetectable by the host’s immune system; not
inducing inflammatory reactions; be safe to the
host; be able to correct the basic defect; have a
long duration; be re-administered safely [32].

Viral and non-viral vectors were used, even
though the former led to host-antigen-specific im-
mune responses caused by replication-deficient vi-
ral vectors, and the latter to be more valued present-
ly. In this class of vectors, promising results in ear-
ly phase trials were obtained with cationic lipo-
some/plasmid DNA complexes and compacted
DNA nanoparticles as carriers of CFTR gene, even
though the therapeutic effect proved too low and of
short duration [33].

Research for improving the limited gene trans-
fer efficiency of current vectors is ongoing, and
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new substrates are continuously investigated in or-
der to overcome the barriers which are limiting
gene delivery and deposition into the lung at pre-
sent [34]. Actually, DNA delivery represents per
se a new challenge due to the need to target spe-
cific regions and tissues into the lung should lead
to develop new formulations of inhaled substrates
together with more specific and suitable devices in
order to optimise lung deposition of these particu-
lar materials [35].

F - Antibiotics

Antibiotic delivery via inhalation route repre-
sents the most investigated therapeutic option in
bronchiectasis since long ago. Further the sys-
temic, the inhaled administration of antibiotics
was widely investigated as a way to prevent
(or/fand cure) exacerbations in patients with
bronchiectasis, being the goal that of interrupting
the vicious circle of bacterial colonization which
causes inflammation and progressive tissue injury.
The main reasons for the increasing interest in
nebulised antibiotics to deliver to bronchiectasis
patients are: 1) the administration of an antibiotic
via the inhalation route ensures higher (several
folds) concentration of the drug at the site of in-
fection; 2) its systemic concentration is dramati-
cally lower; 3) related toxicity is significantly min-
imised [36].

Several antibiotic molecules were investigated
in the last decades from this point of view; differ-
ent aerosol treatments were targeted towards spe-
cific and less specific pathogens underlying
bronchiectasis morbility, and nebulised has been
also used in association with systemic antibiotics
in patients with bronchiectasis.

More than fifty years ago, the first attempts to
nebulised antibiotics were carried out with polim-
ixins and penicillin G, and soon after with gen-
tamycin in CF, but their use was limited because
pH and ingredients of solutions used at that time
induced significant side effects (i.e., gastrointesti-
nal disorders, but effects mainly due to the ototox-
icity and nefrotoxicity of ceftazidime and systemic
aminoglycosides).

Nearly twenty-years ago, nebulised amoxi-
cillin (500 mg twice daily) was given to six pa-
tients with purulent bronchiectasis for four months
following the therapeutic failure with amoxicillin
assumed orally (3g twice daily). Sputum volume
and purulence were significantly reduced after
aerosolised amoxicillin and peak expiratory flow
rate increased (p<0.05), thus suggesting that the
aerosolised antibiotic consented higher and more
effective local concentrations into the lung [37].

In more recent times, ticarcillin; ceftazidime
and carbenicillin were also used at different
dosages [13, 15, 38] in hypertonic solutions with
variable results, but frequent adverse events were
occurring (such as cough and sudden bronchocon-
striction, and sometimes fever) in those cases. Al-
so Amphotericen B was used in cystic fibrosis but
its nebulisation was quite poor, mainly due to the
colloid pattern of suspension. Colistine sulphome-

thane was extensively used in cystic fibrosis even
though it tends to foam significantly during nebu-
lisation, with relevant problems in defining the ac-
tive respiratory dose for patients [38]. To note that
one of the major factors influencing the efficacy
and the effectiveness of aerosolised antibiotics in
bronchiectasis is the pattern of drugs deposition in-
to the lung and their particle size because they can
affect the capability of aerosols to penetrate into
the lung and to reach the right tissue targets signif-
icantly.

In general, some controlled studies investigat-
ing the potential benefits of nebulised antibiotics in
patients who became colonised by Pseudomonas
Aeruginosa, showed that the pathogen was eradi-
cated from their sputum in one/third of patients,
and more than 60% of subjects showed their clini-
cal condition improved [39].

A Cochrane review has pooled (even though
different in their study design) six randomised
controlled studies carried out in patients with idio-
pathic (i.e. unrelated to CF) bronchiectasis. In
these patients, even if facilitating the emergence of
resistant organisms, the long-term treatment with
antibiotics proved effective in lowering sputum
volume and purulence, but had limited results in
terms of frequency of exacerbations and natural
history of the disease both in adults and in children
[40, 41].

Aerolised gentamycin 40 mg twice daily, but
not 0.45% saline, has proved effective in amelio-
rating lung function and reducing hypersecretion
and inflammatory neutrophil activity in twenty-
eight adults with idiopathic bronchiectasis, thus
preventing myeloperoxidase -mediated airway in-
jury [42].

In children with non-CF bronchiectasis treated
with gentamycine 80 mg daily in saline by means
of a PARI LC plus nebuliser and a PARI Turboboy
N compressor, lung function was not affected, but
gentamycic achieved bactericidal concentrations in
sputum with negligible systemic absorption [43].
Furthermore, a pilot study suggested that for treat-
ing Pseudomonas Aeruginosa infections suscepti-
ble to gentamycin in patients with bronchiectasis
related or not to CF, gentamycin delivered via a
DPI (Dry Powder Inhaler) device should be as ef-
fective as that nebulised by means of usual jet neb-
ulizers, and more acceptable to patients despite the
delivery of a 7-fold lower dose to the airways [44].

It is well known that Pseudomonas Aeruginosa
represent the most common pathogen colonising
and infecting airways in bronchiectasis, particular-
ly those related to CF.

In general, it should be considered that these
pathogens can only be eradicated in the early
stages of colonisation, and that reduction in bacte-
rial density is the main goal to pursue in chronic
colonisation or exacerbations, regardless the mol-
ecule used [45]. In a placebo controlled, double-
blind, randomised multicenter study carried out
on 22 CF patients treated with tobramycin 80 mg
b.i.d or placebo for a twelve-month period the
time to conversion from a positive to a negative
Pseudomonas Aeruginosa respiratory culture was
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significantly shorter in tobramycin-treated pa-
tients (p<0.05), even though lung function did not
change [46].

There is strong evidence in favour of using
aerosol antibiotics for treating gram-negative in-
fections (particularly those due to Pseudomonas
Aeruginosa) in CF, while regular aerosolised to-
bramycin or colistin have been shown to decrease
significantly exacerbations and bacterial counts,
and to improve lung function over-time [47].

Modern aersolised aminoglycosides are gener-
ally well tolerated also during long-term treat-
ments, and serious adverse event are episodic and
mainly related to the physical properties of solu-
tion employed or to the presence of preservatives
in the solutions [48]. Not all devices (jet rather
than ultrasonic nebulizers) lead to comparable
therapeutic performances: particularly in the case
of aerosolised aminoglycosides the role of the de-
vice used for delivering the antibiotic solution and
that of the mass median aerodynamic diameter
(MMAD) of the particles produced play a critical
role and can affect lung deposition greatly. In
bronchiectasis, and in particular in those related to
CF, the deranged airway geometry represents per
se a barrier hampering an efficient and homoge-
neous drug deposition into the lungs, and most fit-
ting devices should then be used.

Preservative free solution and solutions specif-
ically prepared for the lung in terms of osmolality,
pH, and possible monodispersed particle size rep-
resent the cornerstones for an effective and safe
antibiotic treatment via the inhalation route in
bronchiectasis, particularly in CF. On the other
hand, the empiric aerosilisation of parenteral an-
tibiotics produces chemical changes in the mole-

cules of the drug which lead to significant varia-
tions in the physical properties of the substance, to
unexpected low effectiveness of treatment, and to
unwanted side effects frequently.

Tobramicine Nebulised Solution (TNS) has an
Osmolality between 158-183 mOsm/kg, while
chloride ion concentration is 75mM, with a pH = 6,
and MMAD = 4: in other words, in the ideal range
for nebulised antibiotic solutions. Tobramicine also
represents the first specific formulation for nebuli-
sation which can be delivered via a designated
reusable nebuliser (PARI LC Plus) in CF [36, 49].

In fact, the most convincing data (in terms of
increase in respiratory function; decrease of spu-
tum density; admission rate, and need of systemic
antibiotics) supporting the use of aerosol antibi-
otics has been generated with Tobramycin solu-
tion (TOBI, Chiron Corp.) for maintenance treat-
ment (4-8-fold greater activity than amikacin and
gentamicin), and with a sputum peak concentra-
tion >15-fold higher than with parenteral to-
bramycin in cystic fibrosis [50]. This evidence
has also been recently confirmed in a study car-
ried out in thirteen patients with severe COPD,
colonized by Pseudomonas Aeruginosa multire-
sistant to oral/intravenous specific antibiotics and
treated with nebulised tobramycine 300 mg twice
daily for two weeks. In these patients, levels of
eosinofilic cationic protein, IL-1p, IL-8, and tu-
mour necrosis factor (TNF-o) were significantly
lowered in spontaneous bronchial secretions, to-
gether to the bacterial density after active treat-
ment, thus emphasizing also the role of nebulised
tobramycin in lowering the inflammatory impact
of pseudomonas aeruginosa colonising severely
chronically obstructed airways [51].

Table 3a. - Main outcomes obtained with different classes of aerosolized non-antibiotic drugs in patients with
bronchiectasis, related or unrelated to cystic fibrosis (CF) (see text)

Class of drug outcome CF unrelated CF related
Mucoactive
» DNase FEV, - A
exacerbations - +
« NAC FEV, -
exacerbations - -
Osmolar agents
« water humidifiers Mucus clearance + +
* hypertonic saline Mucus clearance A A
* mannitol Mucus clearance A A
Anti-inflammatory
« ICS FEV, - A (high dose)
Mucus clearance + A (high dose)
Sputum inflammation + V (high dose)
Exacerbations - + (high dose)
Bronchodilators FEV, A (BHR) * A (BHR) *
Mucus clearance + +
Aerosol gene transfer Chloride defect +

* In the presence of bronchial hyperresponsiveness.
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Table 3b. - Main outcomes obtained with antibiotics in patients with bronchiectasis, related or unrelated to cystic

fibrosis (CF) (see text)

Class of drug outcome

CF unrelated CF related

Mucus clearance
Sputum purulence
Exacerbations

Antibiotics (in general)

Mucus clearance
Lung function
Sputum inflammation
Bacterial density

 gentamycine

Mucus clearance
Lung function
Sputum inflammation
Bacterial density
Hospitalizations
Adverse events

* tobramycin

+ <«
+ 4>

> A4+ H P

<
4444
<
<

As pulmonary conditions, disease progression,
and the physical and biochemical patter of secre-
tions are similar in bronchiectasis related or not-re-
lated to CF, the use of aerosolised tobramycin be-
came widespread even though clinical outcomes
(in particular lung function) can vary depending if
bronchiectasis are due to CF or not [47]. In any
event, there is a consolidated evidence that to-
bramycin concentration in sputum is directly relat-
ed to treatment duration, being the clinical value of
repeated long-term treatments with this aerosol so-
lution, particularly in bronchiectasis related to CF,
thus emphasized [38, 40, 41, 52, 53].

Main outcomes obtained with each class of
aerosolised drugs in patients with bronchiectasis,
related or unrelated to CF, are summarised in tab.
3a and 3b.

Key issues in Bronchiectasis

Conclusion and future perspectives

Bronchiectasis is a chronic respiratory disease
which recognises different aetiologies and is char-
acterised by chronic cough; exaggerate muco-pu-
rulent or purulent sputum production; recurrent
airway infections and/or pneumonia; progressive
decline in lung function, and poor quality of life.
The therapeutic approach to bronchiectasis via the
inhalation route has been increasingly preferred
because medications used reach tissular targets in-
to the airways much more directly, with higher
concentrations, and to a much less systemic bio-
vailability.

Nevertheless, several factors can limit both ef-
ficacy and effectiveness of aerosol treatments: the
extension of lesions; the etiology of bronchiectasis;

¢ Bronchiectasis, is a chronic respiratory disease which is still regarded as an orphan condition, in particular when unrelated

to CF.

» The increasing preference for a therapeutic strategy based on the delivery of nebulised drugs stems from the evidence that
they consent a more direct and highly concentrated medication of airways, to much less systemic effects.

e Several classes of drugs can be administered via inhalation (such as, mucoactive, osmolar agents; and anti-inflammatory
agents; bronchodilators; aerosol gene transfer; antibiotics), but different therapeutic effects can be obtained depending of

the extension and the etiology of bronchiectasis.

»  Mucolitics, osmolar agents, ICS (only when high dosed), are therapeutic options mainly oriented to affect the volume and
rheology of bronchial secretions: results are variable, and these medications tend to prove more effective in CF-related

bronchiectasis.

» Bronchodilators are only effective in the presence of a degree of BHR, and also ICS are more active in these circumstances.

» Antimicrobics represent the most used class of drugs, and Tobramycin at present represents the gold standard for treating
the frequently-occurring infectious exacerbations which characterise the natural history of bronchiectasis.

 In strategic terms, earlier the intervention on airway colonisation (mainly due to Pseudomonas Aeruginosa or other Gram-
negative pathogens), better the outcomes and the patient’s health status will be.

» Both the effectiveness and the safety of nebulised treatments are dependent of the physical characteristics of the solutions

to inhale and of preservatives contained.

» Osmolality, pH, chloride concentration of solutions, together with the heterogeneity and particle size of the aerosol emitted
still represent critical points, being also crucial the role of the device to adopt.

» The role and the effectiveness of aerosol gene transfer are still debated and short-lasting at present even though the genetic
approach to bronchiectasis is in progress and it will represent a true improvement in the future.
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the existence of a long lasting colonisation of res-
piratory tract; the resistance of resident pathogens
to antimicrobic agents (in particular Pseudomonas
Aeruginosa), and the immunologic patient’s condi-
tion.

Other relevant factors are related to the tools
and the procedures adopted for delivering medica-
tions, such as the device used for drug inhalation;
the physical characteristics of solutions to inhale;
both related safety and duration of the therapeutic
strategy, which should be planned for a long-term
period.

Outcomes are still frequently described as
poorer than expected, and specific long-term trials
are still needed for defining more precisely each
relative therapeutic role for different class of drugs
to use for managing bronchiectasis, alone or in
combination.

Further research is also needed in order to
maximise the encouraging results, mainly obtained
in the last years with aerosilised anti-inflammatory
and antimicrobic treatments for bronchiectasis,
and particularly for CF bronchiectasis, where the
efficacy and the effectiveness of aerosol gene ther-
apy are supposed to increase rapidly in the next fu-
ture also in long-term strategies.
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