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present and future, with a special
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Inhaled antibiotics, such as TOBI (a tobramycin solution), gentamicin, colistin

and aztreonam lysine (Cayston) have been effectively administered with

safety and efficacy in patients with cystic fibrosis and bronchiectasis. In addi-

tion, inhaled antibiotics have been administered with safety and efficacy for

the prevention and treatment of patients with ventilator-associated tracheo-

bronchitis or pneumonia due to multidrug-resistant Gram-negative bacteria

(mainly Pseudomonas aeruginosa or Acinetobacter baumannii).Original stud-

ies showed that inhaled colistin resulted in treatment success of nosocomial

pneumonia or ventilator-associated pneumonia (VAP) due to multidrug-

resistant Gram-negative bacteria. However, although aerosolized colistin

seems to be safe and effective for the eradication of P. aeruginosa and

the management of pneumonia in cystic fibrosis patients, hospital-

acquired pneumonia and VAP due to multidrug-resistant Gram-negative bac-

teria, it is still unclear if it provides additional benefit in all-cause hospital

mortality, or VAP-related mortality rates. For this reason, randomized con-

trolled trials (RCTs) are necessary to validate the efficacy and safety of

aerosolized colistin, mainly in patients with nosocomial pneumonia or VAP.

In addition, RCTs are necessary to determine the appropriate inhaled colistin

dose and the optimal delivery device.
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Dioskurides, (ca 40 -- 90) an ancient Greek physician, pharmacologist and bota-
nist is considered the father of aerosolized medicine. Many medications have
been administered by inhalation such as bronchodilators, steroids, adrenaline,
milrinone, prostacyclin analogs, nitric oxide (NO), xylocaine, morphine, nitro-
glycerin, IFN-A, the majority of antibiotics (penicillin, ceftazidime, aztreonam,
ciprofloxacin, aminoglycosides, streptomycin, polymyxins and vancomycin), anti-
viral agents such as ribavirin and zanamivir as well as pentamidine and
amphotericin.

In modern medicine, the first reports on administration of antibiotics via the
respiratory tract (nebulized -- aerosolized) in clinical practice were made in
1950s [1,2]. TOBI (a tobramycin solution for inhalation) is the first antibiotic
that was approved by the Food and Drug Administration (FDA) on December
1997 as an inhaled antibiotic for the treatment of respiratory tract infections
due to Pseudomonas aeruginosa in cystic fibrosis patients [3]. Later on, TOBI was
licensed in Europe and has been administered in cystic fibrosis patients with early
P. aeruginosa colonization [4]. Apart from tobramycin, inhaled gentamicin or colis-
tin has also been administered in children with cystic fibrosis [5]. Lately, in
February 2010, Gilead Sciences, Inc. (Foster City, CA, USA) received FDA
approval for aztreonam lysine for inhalation (Cayston) for improvement of
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respiratory symptoms in cystic fibrosis patients above 7 years
old with P. aeruginosa infection. The drug is administered as
75 mg dose within 2 -- 3 min, three times daily [6,7].
Apart from the maintenance treatment of patients with cys-

tic fibrosis, inhaled antibiotics have been administered with
safety and efficacy for the prevention and treatment of respi-
ratory tract infections in patients with bronchiectasis or
ventilator-associated tracheobronchitis or pneumonia due to
multidrug-resistant Gram-negative bacteria. A meta-
analysis including five randomized controlled trials (RCTs)
showed that the administration of antimicrobials via the
respiratory tract (either inhaled or endotracheally instilled)
was associated with better outcome in non-cystic fibrosis
patients with nosocomial pneumonia. There were no statisti-
cally significant differences between therapeutic regimens
regarding all-cause mortality, microbiological success and
toxicity. The author suggested that a combination of aerosol-
ized and systematic antimicrobial treatment may be consid-
ered, especially in patients slowly responsive or unresponsive
to standard therapy [8]. The formation of a biofilm on the
inner surface of the endotracheal tubes is considered as an
important factor for the development of ventilator-associated
pneumonia (VAP). The intravenous antibiotic administration
results in low antibiotic concentrations within the airway
lumen thus facilitating the biofilm formation. By contrast,
inhaled antibiotics achieve high local antibiotic concentra-
tions that suppress biofilm formation and inhibit bacterial
growth within the biofilm [9,10].
Inhaled antimicrobial therapy is an attractive alternative

to systemic administration because it is associated with
main advantages such as ability to achieve high concentra-
tions of antimicrobials in sputum, the bronchial and pulmo-
nary tissue the alveolar macrophages and in the epithelial
lining fluid at the site of respiratory tract infection; and abil-
ity to reach minimum inhibitory concentrations (MICs) at
lower dosages compared with intravenous formulations. In
addition, this route of administration is often associated
with superior penetrability and bactericidal efficacy at the
infection level and has the advantage of a targeted delivery
of lower doses of antibiotics compared with those used
with parenteral administration. It is also associated with little
systemic absorption, thereby minimizing systemic toxic-
ity [11]. The most common adverse effects are bronchospasm
and cough [8]. Despite previous concerns regarding the asso-
ciation of emergence of antimicrobial resistance with aero-
solized antibiotics, recent studies did not support such
concerns.
The success of aerosolized antimicrobial therapy mainly

depends on the administered antibiotic, its aerosolized for-
mulation and the delivery system [12]. Newer inhaled drug
delivery systems enable inhaled administration of high anti-
biotic concentrations to small airways. The choice of neb-
ulizer remains an important factor. Jet nebulizers are the
most widely used in intensive care units since they are dis-
posable and produce sufficient particle size. However,

ultrasonic nebulizers can perform better than jet nebulizers
in producing better particle size and shorter administration
times. On the other hand, ventilators used for antibiotic
delivery in patients with VAP should have a flow rate greater
than 6 l/min and they should nebulize during inspiration
exclusively.

During the last decade, inhaled colistin has been effec-
tively used for the treatment of hospital-acquired pneumonia
or VAP due to multidrug-resistant Gram-negative bacteria,
mostly Pseudomonas and Acinetobacter baumannii, in order
to improve lung parenchyma penetration and achieve suffi-
cient antibiotic concentrations locally [13,14]. However, it
should be mentioned that no study has been performed to
assess colistin concentrations in the pulmonary epithelial lin-
ing fluid, which is the target site of antibiotics for the treat-
ment of pneumonia/VAP. The American Thoracic Society
(ATS)/Infectious Diseases Society of America (IDSA) HAP
guidelines recommend that adjunctive therapy with inhaled
aminoglycoside or colistin should be considered in patients
with multidrug-resistant Gram-negative pneumonia, espe-
cially for those who are not improving (Level III) [15]. The
recommendations by the Society of Infectious Diseases Phar-
macists are similar [16]. However, it should be mentioned
that aerosolized antibiotics have not been proven to have
value in the therapy of VAP in general (Level I). Further-
more, this type of treatment has not yet been approved by
the FDA.

The author of this review article presents several studies
showing the efficacy and safety of inhaled colistin (sulfate or
colistimethate sodium, CMS) in patients with cystic fibrosis,
non-cystic fibrosis bronchiectasis, hospital-acquired pneumo-
nia (HAP) or VAP [17]. Both formulations of colistin (colistin
sulfate and CMS) have been used for aerosol treatment. How-
ever, CMS is associated with fewer adverse effects such as
chest tightness, throat irritation and cough compared with
colistin sulfate [18]. CMS powder should be diluted for nebu-
lization in 4 ml of sterile normal saline 0.9% and should be
administered as soon as possible after dilution.

Previous studies showed that the administration of
colistin via the respiratory tract was associated with
significant improvement of VAP outcome and the use of
inhaled colistin was an independent predictor of infection
cure [14,19,20].

In conclusion, the role of inhaled colistin seems to be
clear for the eradication of P. aeruginosa and the effective
management of respiratory tract infection due to
multidrug-resistant Gram-negative bacteria in patients
with cystic fibrosis or bronchiectasis. In addition, inhaled
colistin has a beneficial role in the management of HAP
or VAP due to multidrug-resistant Gram-negative bacteria
although it is still unclear if it provides an additional benefit
in all-cause or VAP-related mortality rate. It should be
noted that RCTs dealing with inhaled colistin are necessary
in order to determine the appropriate colistin dose, the
optimal delivery device and to validate the efficacy, safety,
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advantages and disadvantages of this challenging therapeu-
tic approach in order to maximize clinical efficacy and
minimize the risk of colistin resistance, mainly in patients
with HAP or VAP.
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