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Abstract. In Cystic Fibrosis (CF) inhalation of drugs to treat lung disease has been proven to be highly effec-
tive. An increasing number of drugs and devices have been developed for CF lung disease. In this article we 
will review the current status of inhaled medication in CF, including the various drugs, their modes of admin-
istration and indications, and their effects. We will address antibiotics, mucolytics/mucous mobilizers, anti-
inflammatory drugs, bronchodilators and combinations of solutions. We will review the current knowledge on 
devices for inhalation therapy with regard to optimal particle sizes and characteristics of wet nebulisers, dry 
powder and metered dose inhalers. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Lung disease in CF is characterized by insuf-
ficient periciliary fluid, impaired clearance of air-
way secretions, an overactive inflammatory response, 
and chronic respiratory infections. As in many other 
chronic respiratory diseases, inhalation of therapeutic 
agents is an appealing way to treat lung disease topi-
cally, trying to maximize the dose at the site of dis-
ease while minimizing exposure to the rest of the body. 
Until recently, the number of medications available for 
CF treatment were limited and could easily be deliv-
ered by the aerosol devices available, including pres-
surized metered-dose inhalers (pMDIs), dry-powder 
inhalers (DPIs), and pneumatic jet or ultrasonic nebu-
lizers. But with the explosion of CF-related research 
into disease mechanisms and potential treatments of 
the pathophysiologic cascade, those devices are no lon-
ger as appealing. Fortunately, we have coincidentally 
seen several advances in aerosol delivery technology 
that can be paired with new drugs to optimize inhaled 
drug delivery for CF patients (1).

The main benefit of pulmonary drug administra-
tion is the delivery directly to the location of the dis-
ease, while minimizing systemic exposure and toxicity. 

Pulmonary delivery is characterized by a rapid clinical 
response and the ability to bypass therapeutic barriers 
such as poor gastrointestinal absorption and first-pass 
metabolism in the liver (2). It can achieve a similar or 
superior therapeutic effect at a fraction of the systemic 
dose. For example, an oral dose of 2–4 mg salbutamol 
is therapeutically equivalent to 100-200 mg by inhala-
tion. This is particularly important when considering 
aminoglycoside antibiotics for the treatment of Pseu-
domonas aeruginosa infections of the lung. Only low 
sputum aminoglycoside concentrations are achieved by 
the administration of relatively high intravenous doses, 
which carry the potential for systemic toxicity, whereas 
high sputum concentrations can be achieved by inha-
lation without the risk of systemic toxicity (3). Inhaled 
medications have been available for many years for the 
treatment of lung diseases like asthma and chronic 
obstructive pulmonary disease (COPD). Devices and 
formulations were designed for the administration of 
relatively low doses ranging from 6 to 500 mg (4). In 
recent years, the treatment for other diseases like CF 
and lung infections, as well as systemic diseases by pul-
monary administration, has become more attractive. 
However, these therapies in general require higher 
doses to be effectively administered to the lung.
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Materials and Methods

We used MEDLINE to search for studies that 
investigated the relationship between CF patients, in-
haled medications and inhalation devices. The search 
included the following key words: Cystic Fibrosis; In-
haled medication; Inhalation devices.

Outcomes

Devices for pulmonary drug delivery

Systems for pulmonary delivery include pressur-
ized metered dose inhalers (pMDI), soft mist inhalers, 
nebulizers and dry powder inhalers (DPI). Pulmonary 
delivery of high drug doses was carried out by nebu-
lization of liquid formulations. The administration is 
time-consuming and regular cleaning and disinfection 
of the systems are required. This is particularly ap-
parent for CF patients, where the time burden is im-
mense when applying several aerosol therapies. DPIs 
have the capacity to deliver higher payloads of drug to 
the lung. In order to be effectively delivered to the al-
veolar region, particles must have an aerodynamic size 
between 1 and 5 µm (7). There has been continuous 
development of DPIs in order to improve the effec-
tiveness of therapy. 

Recently the Podhaler (T-326 Inhaler), which 
evolved from the Turbospin device, was approved to 
address the needs of high-payload delivery of engi-
neered tobramycin and colistimethate sodium powder 
particles of around 50 mg. It was designed to have a 
low airflow resistance to allow patients to generate 
high airflow rates. Similar to the Turbospin device, the 
vortical airflow causes the capsule to spin while powder 
is shaken out of the two pierced holes and aerosolized.

Medications for Aerosol Delivery

A mucolytic medication degrades the polymeric 
structure of airway secretions. Usually this will reduce 
viscosity, and this in turn can decrease secretion adher-
ence to the epithelium. A decreased viscosity can im-
prove mucociliary clearance, although it may decrease 
the cough clearance of secretions (8). The archetype of 

the classic mucolytics is N-acetyl-L cysteine or NAC. 
Although NAC has been administered for decades as a 
mucolytic, it has never been shown to improve pulmo-
nary function or clinical outcome in patients with CF, 
or other airway diseases. There is a secondary polymer 
network in sputum that is derived from the breakdown 
of inflammatory cells and bacteria. This secondary net-
work is composed of highly polymerized DNA, which 
co-polymerizes with filamentous F-actin (9). This rig-
id co-polymer increases sputum tenacity and decreases 
the ability of to expectorate . Aerosolization of dor-
nase alfa (Pulmozyme) has been used for more than 15 
years for treating CF. Taken once daily, this medication 
improves pulmonary function and decreases the risk of 
pulmonary exacerbation (10). Medications have been 
developed that draw water into the airway (so called 
“hydrators”), including 7% hyperosmolar saline (11) 
and DPI mannitol (12). These also induce mucin se-
cretion, and promote effective cough. There are other 
mucoactive agents, including mucolytics and mucoki-
netic agents that are in the early phases of testing for 
treating CF.

Aerosol antibiotics have been used for decades 
to treat chronic lung infection in bronchiectasis and 
CF. There are compelling data that demonstrate that 
aerosolized aminoglycosides like tobramycin and aero-
solized colistimethate are effective in reducing the 
bacterial load in CF airways, improving pulmonary 
function, and decreasing the frequency of pulmonary 
exacerbation (13,14). Aztreonam lysinate for inhala-
tion, using the Pari eFlow vibrating-mesh nebulizer, 
was approved by the FDA for the therapy of CF lung 
disease in early 2010 (15). Other aerosol antibiotics 
include tobramycin inhalation powder, colistimethate 
sodium powder and, under study, ciprofloxacin inhala-
tion powder, levofloxacin, amikacine and others. One 
of the benefits of aerosolized antibiotics is that high 
concentrations of drug can be achieved in the proximal 
airway, far exceeding the MIC90 (minimum inhibi-
tory concentration required to inhibit the growth of 
90% of the organisms) of the antibiotic. This fosters 
the development of antimicrobial resistance. Patients 
with chronic bronchitis also have persistent lung infec-
tion and those with frequent exacerbations and infec-
tion with Pseudomonas are at high risk of developing 
bronchiectasis. It is possible that chronic bronchitis 
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exacerbations might be better treated by the combined 
use of aerosol and systemic antibiotics (16,17).

Discussion

Inhaled medications are primarily used by CF 
patients, mainly at home, for long periods of time. In 
these patients, practical issues, such as the time needed 
for drug delivery and the size of the device, are of in-
terest. Cost is also an important parameter since newer 
devices appear to cost more than the previous ones. 
However, equally important parameters such as cost 
are compliant with treatment and quality of life. The 
less time these, mainly young, patients spend using a 
nebulizer along with the ability to carry their drug de-
livery system easily makes their life as close to normal 
as possible. This may counterbalance the increased cost 
paid for their treatment. We recognize the importance 
of quality of life, but the cost of the delivery system 
must not be an obstacle to the treatment of patients, 
especially if clinical effectiveness does not differ.

Conclusion

Clinicians should be aware of variability in per-
formance of different nebulizer systems when used 
with different medications. The authors suggest that 
clinicians should look carefully at the available dosing 
data for the medication they wish to prescribe through 
the nebulizer system that they will be providing.

Technologies such as AAD and VMT have ad-
vantages over conventional systems in terms of treat-
ment time, patient preference and adherence and can 
have advantages in deposition. As nebulized therapy 
has been shown to contribute greatly to daily treatment 
times and to burden of treatment, these technologies 
should be considered for use whenever possible (18).

References

1. �Ratjen FA. Cystic fibrosis: pathogenesis and future treatment 
strategies. Respir Care 2009; 54 (5): 595-602; discussion 
603-605.

  2. �Geller DE. Aerosol antibiotics in cystic fibrosis. Respir Care 
2009; 54: 658-70.

  3. �Labiris NR. Pulmonary drug delivery. Part I: physiologi-
cal factors affecting therapeutic effectiveness of aerosolized 
medications. Brit J Clin Pharmacol 2003; 56: 588-99.

  4. �Smith IJ. The inhalers of the future? A review of dry powder 
devices on the market today. Pulm Pharmacol Ther 2003; 
16: 79-95.

  5. �Collins N. Nebulizer therapy in cystic fibrosis: an overview. 
J R Soc Med 2009; 102: 1.

  6. �Daniels T. Nebulizer systems for drug delivery in cystic fi-
brosis. Paediatr Respir Rev 2013; 14 (2) : 98-9.

  7. �Labiris NR. Pulmonary drug delivery. Part I: physiologi-
cal factors affecting therapeutic effectiveness of aerosolized 
medications. Brit J Clin Pharmacol 2003; 56: 588-99.

  8. �Rubin BK. Mucolytics, expectorants, and mucokinetic med-
ications. Respir Care 2007; 52 (7): 859-65.

  9. �Voynow JA. Mucus, mucins, and sputum. Chest 2009; 135 
(2): 505-12. 

10. �Fuchs HJ, Borowitz DS, Christiansen DH, et al. Pulmo-
zyme Study Group. Effect of aerosolized recombinant hu-
man DNase on exacerbations of respiratory symptoms and 
on pulmonary function in patients with cystic fibrosis. N 
Engl J Med 1994; 331 (10): 637-42.

11. �Elkins MR, Robinson M, Rose BR, et al. National Hy-
pertonic Saline in Cystic Fibrosis (NHSCF)Study Group. 
A controlled trial of long-term inhaled hypertonic saline in 
patients with cystic fibrosis. N Engl J Med 2006; 354 (3): 
229-40.

12. �Wills PJ. Inhaled mannitol in cystic fibrosis. Expert Opin 
Invest Drugs 2007; 16 (7): 1121-6.

13. �Hagerman JK. Aerosolized antibiotics: a critical appraisal of 
their use. Expert Opin Drug Deliv 2006; 3 (1): 71-86.

14. �Ramsey BW, Pepe MS, Quan JM, et al. Cystic Fibrosis 
Inhaled Tobramycin Study Group. Intermittent administra-
tion of inhaled tobramycin in patients with cystic fibrosis. N 
Engl J Med 1999; 340 (1): 23-30.

15. �Retsch-Bogart GZ, Quittner AL, Gibson RL, et al. Effi-
cacy and safety of inhaled aztreonam lysine for airway pseu-
domonas in cystic fibrosis. Chest 2009; 135 (5): 1223-32.

16. �MacIntyre N. Should aerosolized antibiotics be used for the 
prevention and therapy of ventilator associated pneumonia 
in patients who do not have cystic fibrosis? Respir Care 
2007; 52 (4): 416-22.

17. �Claus S. How can we bring high drug doses to the lung? Eur 
J Pharm Biopharm 2014; 86 (1): 1-6.

18. �Hickey AJ. Back to the future: inhaled drug products. J 
Pharm Sci 2013; 102 (4): 1165-72.

Correspondence:
Vincenzo Carnovale, MD, 
Cystic Fibrosis Adult Unit, AOU “Federico II”, 
Via S. Pansini 5 - 80131 Naples (Italy)
Tel/fax +390817462259
E-mail: vincenzo.carnovale@unina.it

05-carnovale.indd   9 04/12/14   14:28


