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Introduction
Cystic Fibrosis (CF) patients exhibit multiple symptoms but mortality mainly stems from debilitating pulmonary infections 

movements [2]. Lack of protective ciliary propulsion predisposes patients to opportunistic infections that may become fatal if 
not managed properly. Patients with CF may commonly experience lung infections by Pseudomonas aeruginosa, Staphylococcus 

[1]. However, infections with P. aeruginosa are among the most common cause of mortality in 
CF patients and its corresponding treatment will be investigated in this study [3]. P. aeruginosa is a robust, mobile, gram-negative 
bacterium with an increasing resistance to multiple therapies and a tendency to form chronic infections when located in the 
pulmonary tract [4-6]. Pathogenicity stems from the bacteria’s ability to evade host immune defenses and associated production 

contributes to bacterial stability and antibiotic resistance by acting as a protective barrier [7]. Complete eradication of P. aeruginosa 

Methods:

Results:

conventional, inhaled antibiotics.

Conclusion: 
monotherapy.

Onset of treatment plays a key role in the survival of infected CF patients. Early diagnosis and treatment strongly impact a patient’s 
prognosis, and reduce potential advancement to a chronic stage. Early therapy can also provide a longer infection-free period 
where patients can go an average of 18 months between two independent episodes of P. aeruginosa infections. Prompt treatment 
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addition, P. aeruginosa isolates were found to be more susceptible when antibiotic treatment was initiated earlier [9]. Although 

an observed increase in other gram-negative bacterial infections, while another study has demonstrated promise in its use through 
an observed delay in acquisition and progression of a potential infection [10,11].

may target potential infections (antibiotics), stabilize an airway (bronchodilators), reduce mucus production (mucolytics), reduce 

Commonly prescribed antibiotics given to CF patients with a P. aeruginosa
and aztreonam [12,13]. Inhalation of the prescribed antibiotics has been chosen as the best route for drug administration [11]. 
Inhalation deposits the drug directly into the respiratory tract, resulting in increased local concentration and lower systemic 
concentration; inadvertently decreasing associated drug toxicities due to low systemic penetrance [1,14]. However, disadvantages 

agreed-upon regimen for P. aeruginosa eradication [1,15]. In addition, treatment is dependent on the selected antibiotic, route of 

Methods 
Search Strategy 
Search Engines: Pubmed, Google Scholar 

Search Terms: “Cystic Fibrosis”, “Pseudomonas aeruginosa”, “Inhaled”, “Combination”, “Colistin”, “Tobramycin”. Terms were used 
in various ways, either alone or in combination. Some studies were extracted from the references and ‘related/similar items’ of 
previously explored articles. A total of 12 articles were chosen to be suitable for this review (Figure 1).

Figure 1: A step-wise breakdown of the accumulated search results. Article were removed through abstract 
review and implementation of the inclusion/exclusion criteria, resulting in 12 articles suitable for use

Search Criteria 
Inclusions: in vitro or in 
vivo studies (human or animal model); in vivo studies should use an inhaled antibiotic for monotherapy, and at least one inhaled antibiotic for 

or mucoid P. aeruginosa
geographical locations. 

Exclusions: Use of placebo alone as comparison; use of planktonically-grown P. aeruginosa alone; use of a laboratory-grown P. aeruginosa 

infections. 
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Quality Selection: in vivo) 

Calculations

these treatment regimens is heterogenous and includes in vivo, in vitro, or both methods of treatments. Because of these factors we 
et al. and the other 

p
TTEST. Values of the CFU’s in Tre-Hardy et al. 

Study Population (Study 
Design) Antibiotics Used

in vivo/in vitro (If in 
vitro, are antibiotic 
concentrations used 

equivalent to inhaled 
use?)

Study

Analysis of variance (ANO-
VA) & Extrapolated t-testN/A

Amikacin, Tobramycin, Azithromycin, 

-
zole (TMP-SMX), Meropenem & Colistin

in vitro (yes)Hill et al. [16]

N/AN/AColistin, Meropenem, Amikacin, Cef-
tazidimein vitro (Yes)Bozkurt-Guzel  

et al. [19]

Extrapolated t-testN/ATobramycin & Clarithromycinin vitro (yes)Tre-Hardy et 
al. [17]

N/AN/Ain vitro (No)Pamp et al. 
[36]

P < 0.05N/ATobramycin, Conalbumin, Desferasirox 
& Desferoxamine Mesylatein vitro (Yes)Moreau- Mar-

quis et al. [34]

of CFU changes & P < 0.05Rats (N/A)Tobramyin & Fosfomycinin vitro (yes) & in vivo 
(rats)

Macleod et al. 
[25]

Extrapolated t-testN/ATobramycin & Clarithromycinin vitro (yes)Tre-Hardy et 
al. [18]

1-tailed Mann-Whitney-
Wilcoxon test (P < 0.05)

Children (Randomized, 
Prospective Study)in vivo Noah et al. 

[22]

of CFU changesN/AColistin & Imipenemin vitro (No)Bergen et al. 
[37]

P < 
0.05)

Children (Randomized, 
Double-Blind, Prospective 

Study)
in vivo Treggiari et al. 

[23]

X2 Test
(P < 0.05)N/ACSA-13in vitro (Yes)Bozkurt-Guzel 

et al. [38]

Analysis of variance 
(ANOVA)

N/ATobramycin & Aztreonamin vitro (yes)Yu et al. [20]

Pearson Chi-square test 
(P<0.05)

Children (Open-label, Ran-
domized, Prospective Study)

N/A
in vivo Proesmans et 

al. [24]

Student t-test (P<0.05)N/ATobramycin & Fosfomycinin vitro (yes)Anderson et al.  
[39]

of CFU changes
All Ages (Cohort, Rand-

omized Study) Colistin & Doripenemin vitro (No)Lora-Tamayo 
et al. [40]

T-test & ANOVA & Chi-
Square (P<0.05)N/ATobramycin, Azithromycin & Aztreonamin vitro (yes) & in vivo Nick et al. [26]

Analysis of variance 
(ANOVA)N/ATobramycin, Aztreonam & ALX-109in vitro (Yes)Moreau-Mar-

quis et al. [21]

Student t-test (p<0.05)N/AColistin & C11in vitro (Yes)Furiga et al. 
[32]

N/AN/ATobramycin, Colistin & LipoAMPin vitro (N/A)de Gier et al.  
[31]

Student t-test (P<0.05)N/AAztreonam & Tobramycinin vitro (yes)Rojo-Molinero  
et al. [27]

Table 1: 
inclusion/exclusion criteria (n = 8)
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Table 1 (array 2) in the article written by Hill et al. (16) were also analyzed [16,17]. In a similar fashion, a t-test was measured for 
a second Tre-Hardy article [18]. Data in Table 1 was utilized, and the (+) and (-) signs were converted to numbers, representative 

article written by Macleod et al. Pseudomonas only was assessed for a 
p-value, where fosfomycin/tobramycin combination (array 1) was compared with fosfomycin or tobramycin alone (array 2). 

All chosen articles must utilize any form of statistical analysis to achieve a p-value; p
analysis must provide enough data for manual measurement of a p-value. 

Results 

in vitro
in vivo analysis, four of which on 

humans. An accumulative count of all the antibiotics used can be seen in Figure 2. 

Figure 2: A bar graph representing the number of times a certain antibiotic was used in the extracted 

In Vitro Studies
One the most expansive in vitro studies were published in 2005 by Hill et al. (16) where a total of 10 antibiotics in various 

in P. aeruginosa

P. aeruginosa (49%), but 

et al.

p = 0.425; 12-day, p = 0.460). Furthermore, three 

period and resulted in the greatest bacterial decline in 2/3 strains. Combination and tobramycin use had equal killing potential for 
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P. aeruginosa
in accordance with the resulting logarithmic decrease in colony forming units (CFU). Combination therapy had resulted in a 
decrease in CFU’s/mL greater than 4 log in 11/23 clinical strains. Tobramycin had shown an equal decrease in only 6/23 strains 
(p = 0.019) while clarithromycin was unable to reach such bactericidal levels (p << 0.05). In addition, the study also discovered 

derived from cholic acid and is part of a related group of compounds called ceragenins. Cationic steroidal CSA-13 was tested alone 
P. aeruginosa.

with the lowest MIC50 range was colistin (MIC50: 0.06 - 2mg/l), with CSA-13 a close second (MIC50

p = 0.026) than any other combination. Bacterial resistance was found 

A study by Yu et al.
P. aeruginosa isolates 

along with one laboratory (PA01) strain were used for the study, and the results for all are included for completeness. Although 

p < 0.05). Combination therapy and tobramycin 

Moreau-Marquis et al. also utilized aztreonam and tobramycin, but also studied the use of a novel drug, ALX-109 [21]. ALX-109 
is a combination of a bactericidal agent (hypothiocyanite) and an iron-chelating protein (lactoferrin); both elements are naturally 
occurring components of the innate immune response in CF lungs. As in the previous study, both laboratory and clinical P. 
aeruginosa

combined with either antibiotic (p
p < 0.05) [21] (Figure 3). 

Figure 3: 
total of 6 studies took place in the USA, 3 studies in Belgium, 1 study in Australia, 1 study in Turkey, and 1 

taken from

A 2010 randomized prospective study by Noah et al.

p
eradication was achieved in 6/7 patients assigned to the systemic group, and in only 2/4 patient in the inhaled group. 

In Vivo Studies
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MacLeod et al. composed a study that tested the combination of fosfomycin and tobramycin in a multitude of organisms in CF 

measurements. In vitro assessment of CF-associated P. aeruginosa
agent with a MIC50 of 2 mg/L, combination therapy was a close second with 8mg/L, and fosfomycin with 64 mg/L. Both tobramycin 
alone and in combination therapy was 100% bactericidal against all P. aeruginosa isolates, while fosfomycin’s bactericidal activity 

in vivo model consisted of P. aeruginosa colonization in rat lungs, with intratracheal 
antibiotic administration 2 times per day for 3 days. Measuring the reduction in CFU’s per lung, at various concentrations, had 

p < 0.05). Fosfomycin however, was 

in the frequency of acquired resistance over time (p > 0.05).

A dual study Nick et al.

received inhaled tobramycin (71% reported concomitant azithromycin use), and 135 patients received inhaled aztreonam (67% 
1), 

1, when compared with aztreonam use alone. However, in relation to tobramycin use 
p < 0.05). 

for external intervention due to health issues, requiring emergency antibiotic(s) outside of those used in the study (p < 0.05). In 
10/g) in 

patients taking TOB alone when compared with combination therapy (p = 0.026). An extension study was also performed, where 
patients taking azithromycin were switched from accompanying tobramycin, to aztreonam use. When TOB/AZI patients were 

bacterial reduction became similar to those achieved by the original treatment groups (TOB alone; AZT alone; AZT/AZI).

Discussion 
P. 

aeruginosa infected CF patients. Infection with P. aeruginosa is the leading cause of morbidity and mortality in CF patients, and 

utilizing laboratory strains may reduce the potential credibility of an experimental result when implemented on patients. For 
et al. 

strains [20,21]. Antimicrobial testing against P. aeruginosa is ideally validated when testing is performed on the pathogen cultured 
P. aeruginosa colonizing the airways in a 

most suitable clinical option for complete eradication. 

In Vitro & In Vivo Studies

A unique randomized double-blind trial reported by Treggiari et al. set out to compare cycled therapy (treating patients every 
12 weeks) with culture-positive therapy (given to patients when needed) [23]. Every 3 months, the patients may be administered 

a positive P. aeruginosa P. aeruginosa culture at a given 

in vivo study by Proesmans et al had focused 

109 children (< 18 years old) were enrolled, 58 had completed the study and were separated equally, such that 29 children were 
P. aeruginosa eradication, was achieved in 26/29 patients in the CC group 

and in 23/29 patients in the TOB group (p = 0.47). Time until P. aeruginosa reinfection and overall health status following a 2-year 
check-up were also documented as secondary outcomes. Patients on CC experienced a median time of 9 months until P. aeruginosa 
relapse, while TOB patients averaged 5 months between infections (p
received CC and TOB, respectively, were free from infection. 
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antimicrobial peptides that occur naturally as part of the host defense (lipoAMPs) and an inhibitor of quorum-sensing involved in 

known as rhesus θ-defensin-1 (RTD-1), was found to hold potent antimicrobial activity against CF-isolated P. aeruginosa [33]. As 

been paired with [21]. Other iron-chelators of interest include deferoxamine and deferasirox, both proven to strengthen tobramycin 
when used in combination [34]. Another novel antimicrobial agent is CSA-13, a synthetically made steroidal compound that 

combinations in a single study to determine potential superiority among a certain pair. More in vivo trials should be attempted 
with longer observational periods for any potential long-term complications. Details concerning the patient’s quality of life should 

Conclusion 

concluded combination therapy to be the best method of treatment for eradication of Pseudomonas aeruginosa.
P. aeruginosa, and when antibiotics are 

combined, treatment can follow a cycled or culture-positive schedule [25,27]. Future studies should focus on using a traditional 

approach to precipitate resistance with chronic use. 
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manuscript, and prepared it for submission.

Reports of in vivo studies in the literature are limited in numbers and factors including the quality of life, change in lung function, 

Concern regarding inhaled antibiotic use lies mainly with the development of bacterial resistance. Although tobramycin was 
used in every study included in this review, colistin was only utilized in three. With such a low frequency of bacterial resistance 

[16,29]. 

the use of oral azithromycin, in combination with a secondary antibiotic, was the treatment of choice for maintenance therapy [28]. 
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