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Background: Nosocomial pneumonia (NP) due to multidrug-resistant (MDR) Gram-negative pathogens,
has continued to rise over the last several decades. Parenteral administration of colistin results in poor
alveolar penetration and subtherapeutic concentration; therefore, direct drug deposition at site of infec-
tion may improve the effectiveness while minimizing the systemic exposure. The aim of this study is to
describe the safety and effectiveness of inhaled colistin for the treatment of NP caused by MDR Gram-
negative pathogens.
Method: Patients who received inhaled colistin from May 2015 to May 2019 at 2 different tertiary care
hospitals in Riyadh, Saudi Arabia were identified from pharmacy databases and their charts were retro-
spectively reviewed.
Results: 86 patients were enrolled in this study. The mean age was 56 ± 20 years. The mean Acute
Physiology and Chronic Health Evaluation (APACHE II) was 17 ± 5. The responsible pathogens for NP were
Pseudomonas aeruginosa (60%) Acinetobacter baumannii (28%), and Klebsiella pneumoniae (9%). Most
patients (76/86) received concomitant intravenous antibiotics. Mean colistin total daily dose was 6 ± 3
million international units divided into 2–3 doses. Mean inhaled colistin duration of therapy was
11 ± 6 days. Favorable clinical outcome was achieved in 51 (59%) patients while favorable microbiological
outcome occurred in 29 (34%) patients. Death due to all causes was noted in 39 (45%) cases. Renal injury
occurred in 19 (22%) patients, all received concomitant intravenous colistin.
Conclusion: Inhaled colistin can be considered as salvage therapy as adjunct to intravenous administra-
tion for treatment of patients with NP due to MDR Gram-negative pathogens.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nosocomial pneumonia (NP) due to multidrug-resistant (MDR)
Gram-negative pathogens, predominantly Pseudomonas aeruginosa,
Acinetobacter baumannii, and Klebsiella pneumoniae has continued
to rise over the last several decades and accounts for a substantial
clinical and economic burden on healthcare systems (Falagas and
Kasiakou, 2005; Gurjar, 2015; Kalil et al., 2016) The limited avail-
able treatment options and the lack of novel antibiotics in the pipe-
line further complicates the situation. These challenges have led to
the resurrection of colistin as salvage therapy, the antibiotic that
was widely used between the 1960s and 1980s and still active
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against these organisms (Falagas and Kasiakou, 2005; Gurjar, 2015;
Kalil et al., 2016).

Using intravenous colistin to treat pneumonia is challenging
especially when targeting organisms with increased minimum
inhibitory concentrations (MICs) because parenteral administra-
tion results in poor alveolar penetration (Boisson et al., 2014; Lu
et al., 2010). Inhaled route provides direct drug deposition to the
site of infection while minimizing systemic exposure (Boisson
et al., 2017; Boisson et al., 2014; Lu et al., 2010). This, theoretically,
increases antimicrobial efficacy, minimizes antimicrobial resis-
tance, and allows using a dose-sparing strategy to reduce colistin
induced nephrotoxicity and neurotoxicity.

Most of the data about the real-life experience on the use of
inhaled colistin came from studies on patients with cystic fibrosis
(CF). There is relatively limited experience on the use of inhaled
colistin in the treatment of NP due to MDR Gram-negative organ-
isms and there is still no consensus on the optimal dosing, dosing
interval, duration of therapy, and patient population most likely to
benefit. In addition, no study has yet been published in Saudi Ara-
bia describing the safety and effectiveness of inhaled colistin in the
treatment of NP. Therefore, the objectives of this study are to
describe the use of inhaled colistin for the treatment of NP caused
by MDR Gram-negative pathogens in patients without CF and to
evaluate the safety and effectiveness of inhaled colistin as
monotherapy or as adjuncts to intravenous antimicrobials.
2. Method

2.1. Study design

Patients who received inhaled colistin from May 2015 to May
2019 at King Saud University Medical City and King Fahad Medical
City, Riyadh, Saudi Arabia were identified from pharmacy data-
bases and their charts were retrospectively reviewed. Patients
18 years or older who were diagnosed with NP including
ventilator-associated pneumonia (VAP) due to MDR Gram-
negative pathogens who received inhaled colistin from May 2015
to May 2019 for at least 48 h as monotherapy or adjunct to intra-
venous antibiotics were included. Patients < 18 years of age includ-
ing neonates and children, patients with CF, and patients who
received inhaled colistin for < 48 h were excluded. Colistin doses
were reconstituted in 4 ml sterile normal saline for injection and
administered via vibrating mesh or jet nebulizers. The positioning
of the vibrating mesh nebulizer is on the inspiratory limb 15 cm
from the Y-piece. Filter of the heat and moisture exchanger was
removed from the circuit during aerosolization and replaced there-
after. One million international unit (MIU) of colistin is equivalent
to ~30 mg of colistin base activity and ~80 mg of the prodrug col-
istimethate sodium (CMS). The Institutional Review Board in both
hospitals approved the study.
2.2. Study variables

Data collection sheet was created to collect specific information
including: demographics (medical record number, age, and gen-
der), reason for admission, patient location, Acute Physiology and
Chronic Health Evaluation (APACHE II) score, duration of hospital-
ization, method of specimen sampling and culture, co-morbidities,
concomitant antibiotics, duration, dose, and frequency of inhaled
colistin and concomitant intravenous colistin. Culture data before
and during treatment, laboratory findings before and after treat-
ment including white blood cells (WBC), serum creatinine, procal-
citonin (PCT), C-reactive protein (CRP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST) were also collected. Clini-
cal efficacy outcome (cure, improvement or failure including mor-
tality) microbiologic outcome (eradication, persistence or
indeterminate), safety outcomes (nephrotoxicity, neurotoxicity,
and bronchospasm) were evaluated. Data extraction was per-
formed and study outcomes were assessed by one author and inde-
pendently confirmed by a second author.

2.3. Microbiological testing

Identification and susceptibility tests of P. aeruginosa, A. bau-
mannii, and K. pneumoniae were performed using commercial
broth microdilution method [ComASP Colistin (Liofilchem, Roseto
degli Abruzzi, Italy)]. Tested antibiotics include aminoglycosides,
carbapenems, cephalosporins, colistin, fluroquinolones,
piperacillin/tazobactam, and tigecycline. Susceptibility to colistin
was also tested using the E test methodology. The breakpoints
and susceptibility interpretive criteria were those defined by the
Clinical and Laboratory Standards Institute (CLSI). Bacterial isolate
was interpreted as susceptible to colistin if MIC was � 2 mcg/ml.

2.4. Definitions

Pneumonia is defined as new lung infiltrate plus clinical evi-
dence suggestive of pulmonary infection including a new onset
of fever, purulent sputum, leukocytosis, and decline in oxygena-
tion. NP is pneumonia occurring at least 48 h after hospital admis-
sion while VAP is pneumonia occurring at least 48 h after
endotracheal intubation (Kalil et al., 2016). MDR organism was
defined as non-susceptibility to at least one agent in three or more
antimicrobial categories while colistin-only susceptible when the
isolate was resistant to all possible antimicrobial agents except col-
istin. APACHE II is a commonly used scoring system in critically ill
patients to assess disease severity and predict clinical outcome,
typically mortality.

Clinical cure is defined as a complete resolution; clinical
improvement is defined as partial resolution while clinical failure
is defined as persistence or worsening of signs and symptoms attri-
butable to the infection by the end of treatment. Clinical outcome
also includes radiographic and laboratory outcomes. Definition of
positive clinical outcome (cure or improvement) is based on fever
defervescence, reduction in suctioning requirements, decrease or
resolution of findings on chest X-ray, improvement of arterial
blood gas, and normalization of WBC, CRP, and PCT. Pneumonia-
related mortality was defined as death that occurred during the
course of treatment when the signs of pneumonia persisted.

Microbiologic eradication is defined as the absence of the causa-
tive pathogen’s growth in the final culture during same hospital-
ization. Microbiologic persistence is defined as persistent growth
of the causative pathogen regardless of clinical outcome. Indeter-
minate is when no microbiologic evaluation available.

Renal function assessment is based on Risk, Injury, Failure, Loss
of kidney function, and End-stage kidney disease (RIFLE) criteria.
Patients will have nephrotoxicity if any of these categories is met
during inhaled colistin treatment. Neurotoxicity is defined as any
of the following: ataxia, confusion, dizziness, weakness, visual dis-
turbances, or neuromuscular blockade during inhaled colistin
treatment.

2.5. Statistical analysis

Descriptive statistics were used to summarize variables. All the
variables are presented as number and percentages. Independent t
test was used to compare continuous variables while the v2 test
was used to compare categorical variables. A p value of <0.05
was considered significant. All statistical analysis was performed
using STATA 15.1 (StataCorp LP, College Station, Texas, USA).



Table 1
Demographic and clinical characteristics of included patients N = 86.

Characteristic No. of
patients

Demographic
Age in years (mean ± SD) 56 ± 20
Gender (male), n (%) 55 (64)

APACHE II score (mean ± SD) 17 ± 5
Comorbidity, n (%)
Malignancy 10 (12)
Cardiovascular diseases 12 (14)
Cerebrovascular disease 13 (15)
Peripheral vascular disease 2 (3)
Pulmonary diseases 14 (16)
Hypertension 50 (58)
Diabetes mellitus 44 (51)
Chronic renal failure 18 (21)
Liver failure 2 (3)
Neurology disease 12 (14)
Endocrine disorder 5 (6)

Reason for admission n (%)
Septic shock 36 (42)
Cerebrovascular disease 15 (17)
Cardiovascular causes 11 (13)
Respiratory distress 7 (8)
Malignancy 5 (6)
Others* 12 (14)

Admission to the ICU, n (%) 78 (91)
Isolated pathogen at diagnosis, n (%)
Acinetobacter baumannii 24 (28)
Pseudomonas aeruginosa 52 (60)
Klebsiella pneumoniae 8 (9)
Other 2 (3)

Method of specimen sampling, n (%)
Invasive (BAL, mBAL, PSB) 4 (5)
Non-invasive (ETA, sputum induction, nasotracheal 82 (95)
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3. Results

86 patients fulfilled the criteria for inclusion. The patients were
55 males and 31 females with a mean ± standard deviation (SD)
age of 56 ± 20 years. Patients had mean ± SD APACHE II score of
17 ± 5 at day of colistin treatment. The responsible pathogens for
NP were Pseudomonas aeruginosa (60%) Acinetobacter baumannii
(28%), and Klebsiella pneumoniae (9%). About a quarter of the iso-
lated pathogens were susceptible only to colistin. Most patients
(76/86) received concomitant intravenous antibiotics based on
susceptibility tests and MICs, usually intravenous colistin or car-
bapenem. Mean ± SD inhaled CMS total daily dose was 6 ± 3 MIU
(range 2–12 MIU) divided into 2–3 doses. Mean ± SD inhaled
CMS duration of therapy was 11 ± 6 days. More detailed demo-
graphic data and clinical characteristics including comorbidities,
clinical setting, reason for admissions, method of specimen sam-
pling and cultures, duration of hospitalization and mechanical ven-
tilation are listed in Table 1.

Hematological and biochemical laboratory values before and
after receiving aerosolized colistin therapy are shown in Table 2.
Favorable clinical outcome (clinical cure or improvement) was
achieved in 51 (59%) patients while favorable microbiological out-
come (eradication) occurred in 29 (34%) patients. Death due to all
causes was noted in 39 (45%) cases but only 16 (19%) were deter-
mined to be pneumonia-related. Renal injury occurred in 19 (22%)
patients, all received concomitant intravenous colistin. Table 3 pro-
vides more details about the outcomes in patients who received
aerosolized colistin therapy. Factors that might influence mortality
including age, comorbid conditions, APACHE II score, and inhaled
colistin dosing are analyzed in Table 4.
suctioning)
Culture method, n (%)
Quantitative 4 (5)
Semi-quantitative 82 (95)

Antimicrobial susceptibility, n (%)
Colistin-only susceptible 21 (24)

Concomitant systemic antibiotic therapy, n (%)
None 10 (12)
Intravenous CMS 66 (77)
Carbapenem 45 (52)
Piperacillin/tazobactam 15 (17)
Tigecycline 8 (9)
Cephalosporin 5 (6)
Fluoroquinolone 4 (5)
Aminoglycoside 2 (3)

Intravenous CMS total daily dose in MIU, (mean ± SD) 8 ± 2
Inhaled CMS total daily dose in MIU, (mean ± SD) 6 ± 3
Duration of aerosolized CMS therapy in days, (mean ± SD) 11 ± 6
Duration of hospitalization, (mean ± SD) 122 ± 97
Duration of mechanical ventilation (mean ± SD) 31 ± 19

Abbreviation: APACHE II: Acute Physiology and Chronic Health Evaluation; BAL:
bronchoalveolar lavage; CMS: colistin methanesulfonate; ETA: endotracheal aspi-
rate; ICU: intensive care unit; MIU: million international unit; mg: milligram; MV:
mechanical ventilation; mBAL: mini bronchoalveolar lavage; PSB: protected spec-
imen brush; SD: standard deviation
*Include trauma, neurological diseases, post-surgical complications, and gastroin-
testinal perforations.

Table 2
Laboratory data for patients who received aerosolized colistin therapy (mean ± SD).

Variable Before therapy After therapy

WBC (x 109/L) 12 ± 5.5 10.8 ± 5
CRP (mg/dL) 100 ± 77 63 ± 56
Serum creatinine (mmol/L) 139 ± 85 142 ± 90
ALT (IU/L) 35 ± 30 40 ± 33
AST (IU/L) 33 ± 14 35 ± 18

Abbreviation: ALT: Alanine aminotransferase, AST: Aspartate aminotransferase,
CRP: C-reactive protein, PCT: procalcitonin; WBC: White blood cells.
4. Discussion

The main findings of this retrospective study of 86 patients who
received inhaled colistin for the treatment of NP due to MDR Gram-
negative bacteria include a clinical response rate of 59% and sur-
vival rate of 55%. About 46% of the available repeated cultures
showed microbiological eradications. Nephrotoxicity was noted
in 22% of patients who received inhaled colistin; however, all of
themwere on concomitant intravenous colistin. One patient devel-
oped bronchospasm and no reported neurotoxicity. Our findings
are comparable to previously published studies with respect to
effectiveness and safety (Hsieh et al., 2016; Lin et al., 2010); how-
ever, other studies reported better clinical outcomes.(Charra et al.
2009) Although meta-analyses evaluating the efficacy of inhaled
colistin for treatment of NP exist, the included studies vary in
terms of study designs, colistin dosing, duration, and concomitant
intravenous antibiotics used (Florescu et al., 2012; Gu et al., 2014;
Valachis et al., 2015; Vardakas et al., 2018).

The use of inhaled antibiotics continues to be an area of contro-
versy. On the basis of limited lung penetration of intravenous col-
istin and due to improved clinical cure rate when inhaled
antibiotics is added to intravenous route, the Infectious Diseases
Society of America (IDSA) recommends the use of inhaled antibi-
otics including colistin in addition to intravenous route for treat-
ment of pneumonia caused by MDR Gram-negative pathogens
(Kalil et al., 2016). In contrast, the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) recommends not
to use inhaled antibiotics due to weak evidence of efficacy and
the underestimated adverse events (Rello et al., 2017).

The need for inhaled colistin in the treatment of pneumonia is
primarily due to inadequate penetration of colistin in the lung par-
enchyma after intravenous administration. The serum colistin con-
centrations after the intravenous administration is almost the MIC
of Acinetobacter and Pseudomonas (Imberti et al., 2010; Markou



Table 3
Outcomes in patients receiving aerosolized colistin therapy N = 86.

Variable No. of patients (%)

Clinical outcome
Cure or improvement 51 (59)
Failure 35 (41)

Microbiologic outcome
Eradication 29 (34)
Persistence 34 (39)
Indeterminate 23 (27)

Overall in-hospital mortality 39 (45)
Pneumonia-related mortality 16 (19)
Nephrotoxicity 19 (22)
Neurotoxicity None
Bronchospasm 1 (1)

Table 4
Univariate analysis in patients who received aerosolized colistin therapy for
nosocomial pneumonia due to multidrug-resistant Gram-negative pathogens
(n = 86) # *.

Variable Surviving (n =
47)

Mortality (n =
39)

P value

Patient characteristics
Age (years) 51 ± 21 62 ± 17 0.010*

Gender
Male 30 (64) 25 (64) 0.979
Female 17 (36) 14 (36)

Comorbidity
Malignancy
Yes 3 (6) 7 (18) 0.096
No 44 (94) 32 (82)

Cardiovascular disease
Yes 4 (9) 8 (21) 0.11
No 43 (91) 31 (79)

Cerebrovascular disease
Yes 8 (17) 5 (13) 0.588
No 39 (83) 34 (87)

Peripheral vascular diseases
Yes 1 (2) 1 (3) 0.894
No 46 (98) 38 (97)

Pulmonary disease
Yes 7 (15) 7 (18) 0.702
No 40 (85) 32 (82)

Hypertension
Yes 24 (51) 26 (67) 0.144
No 23 (49) 13 (33)

Diabetes mellitus
Yes 20 (43) 24 (62) 0.08
No 27 (57) 15 (38)

Chronic renal failure
Yes 6 (13) 12 (33) 0.041*
No 41 (87) 27 (67)

Liver failure
Yes 1 (2) 1 (3) 0.894
No 46 (98) 38 (97)

Neurological disease
Yes 7 (15) 5 (13) 0.782
No 40 (85) 34 (87)

Endocrine disease
Yes 3 (6) 2 (5) 0.804
No 44 (96) 37 (95)

APACHE II score 15 ± 6 18 ± 4 0.0092*
Inhaled CMS total daily dose in

MIU
7 ± 3.6 5.8 ± 3 0.101

Inhaled CMS total daily dose �
6 MIU

32 (68) 26 (67) 0.889

Abbreviation: APACHE II: Acute Physiology and Chronic Health Evaluation; CMS:
colistin methanesulfonate; MIU: million international unit.

* Significant p-value of � 0.05.
# Data represented mean ± standard deviation or n (%).
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et al., 2008). This turned to be subtherapeutic at the alveolar site
which can lead to poor response and selection of antibiotic-
resistant organisms (Imberti et al., 2010). When administered by
inhalation, colistin concentration is 100–1000-folds its plasma
concentration. This could enable the use of a dose-sparing strategy
to improve efficacy while minimizing the toxicity of systemic
exposure (Boisson et al., 2017; Boisson et al., 2014). Decreasing
episodes of nephrotoxicity is particularly important as majority
of patients who require colistin are critically ill in the intensive
care unit with multiple risk factors for acute kidney injury (de
Mendonca et al., 2000).

The retrospective design and lack of control group are the main
limitations of our study. Further, the dose of inhaled colistin was
not standardized. Adverse outcomes could have been underesti-
mated due to the retrospective nature of the study and the fact that
the adverse events had to be defined in the medical record as attri-
butable to the antibiotic used. However, to our knowledge, this is
the largest single-arm study and the first to describe the use, safety
and effectiveness of inhaled colistin for the treatment of NP in
Saudi Arabia.

Although a firm conclusion cannot be made, data from this
study suggest that inhaled colistin can be considered as salvage
therapy as adjunct to intravenous administration for the treatment
of patients with NP due to MDR Gram-negative pathogens. Despite
the encouraging outcomes, there are many unknowns to be
addressed in future studies including optimal concomitant antibi-
otics, dosing regimen, delivery method, and patients most likely to
benefit. Well-designed randomized clinical trials assessing the
benefit of inhaled colistin for the treatment of NP due to MDR
Gram-negative pathogens are needed.

Acknowledgement

We would like to thank King Saud University, Riyadh, Saudi Arabia,
for supporting this research project (RSP-2020/74). We also would
like to thank the Deanship of Scientific Research at Umm Al-Qura
University for supporting this work by Grant Code:19-MED-1-02-
0003.

Declaration of Competing Interest: The authors have indicated
that they have no conflicts of interest regarding the content of this
article.

Ethical approval: The study was approved by the institution
review board of King Saud University Medical City and King Fahad
Medical City.

Funding: This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sector
References

Boisson, M., Gregoire, N., Cormier, M., Gobin, P., Marchand, S., Couet, W., Mimoz, O.,
2017. Pharmacokinetics of nebulized colistin methanesulfonate in critically ill
patients. J. Antimicrob. Chemother. 72 (9), 2607–2612. https://doi.org/
10.1093/jac/dkx167.

Boisson, M., Jacobs, M., Gregoire, N., Gobin, P., Marchand, S., Couet, W., Mimoz, O.,
2014. Comparison of intrapulmonary and systemic pharmacokinetics of colistin
methanesulfonate (CMS) and colistin after aerosol delivery and intravenous
administration of CMS in critically ill patients. Antimicrob. Agents Chemother.
58 (12), 7331–7339. https://doi.org/10.1128/aac.03510-14.

Charra, B., Hachimi, A., Benslama, A., Motaouakkil, S., 2009. Aerosolized colistin in
the treatment of multiresistant Pseudomonas aeruginosa nosocomial
pneumonia. Signa vitae 4 (2), 30–31.

de Mendonca, A., Vincent, J.L., Suter, P.M., Moreno, R., Dearden, N.M., Antonelli, M.,
Cantraine, F., 2000. Acute renal failure in the ICU: risk factors and outcome
evaluated by the SOFA score. Intensive Care Med. 26 (7), 915–921. https://doi.
org/10.1007/s001340051281.

Falagas, M.E., Kasiakou, S.K., 2005. Colistin: the revival of polymyxins for the
management of multidrug-resistant gram-negative bacterial infections. Clin.
Infect. Dis. 40 (9), 1333–1341. https://doi.org/10.1086/429323.

Florescu, D.F., Qiu, F., McCartan, M.A., Mindru, C., Fey, P.D., Kalil, A.C., 2012. What is
the efficacy and safety of colistin for the treatment of ventilator-associated
pneumonia? A systematic review and meta-regression. Clin. Infect. Dis. 54 (5),
670–680. https://doi.org/10.1093/cid/cir934.

https://doi.org/10.1093/jac/dkx167
https://doi.org/10.1093/jac/dkx167
https://doi.org/10.1128/aac.03510-14
http://refhub.elsevier.com/S1319-0164(20)30149-3/h0015
http://refhub.elsevier.com/S1319-0164(20)30149-3/h0015
http://refhub.elsevier.com/S1319-0164(20)30149-3/h0015
https://doi.org/10.1007/s001340051281
https://doi.org/10.1007/s001340051281
https://doi.org/10.1086/429323
https://doi.org/10.1093/cid/cir934


T.A. Almangour et al. / Saudi Pharmaceutical Journal 28 (2020) 1009–1013 1013
Gu, W.J., Wang, F., Tang, L., Bakker, J., Liu, J.C., 2014. Colistin for the treatment of
ventilator-associated pneumonia caused by multidrug-resistant Gram-negative
bacteria: a systematic review and meta-analysis. Int. J. Antimicrob. Agents 44
(6), 477–485. https://doi.org/10.1016/j.ijantimicag.2014.07.004.

Gurjar, M., 2015. Colistin for lung infection: an update. J Intensive Care 3 (1), 3.
https://doi.org/10.1186/s40560-015-0072-9.

Hsieh, T.C., Chen, F.L., Ou, T.Y., Jean, S.S., Lee, W.S., 2016. Role of aerosolized colistin
methanesulfonate therapy for extensively-drug-resistant Acinetobacter
baumannii complex pneumonia and airway colonization. J. Microbiol.
Immunol. Infect. 49 (4), 523–530. https://doi.org/10.1016/j.jmii.2014.08.009.

Imberti, R., Cusato, M., Villani, P., Carnevale, L., Iotti, G.A., Langer, M., Regazzi, M.,
2010. Steady-state pharmacokinetics and BAL concentration of colistin in
critically Ill patients after IV colistin methanesulfonate administration. Chest
138 (6), 1333–1339. https://doi.org/10.1378/chest.10-0463.

Kalil, A.C., Metersky, M.L., Klompas, M., Muscedere, J., Sweeney, D.A., Palmer, L.B.,
Brozek, J.L., 2016. Management of Adults With Hospital-acquired and
Ventilator-associated Pneumonia: 2016 Clinical Practice Guidelines by the
Infectious Diseases Society of America and the American Thoracic Society. Clin.
Infect. Dis. 63 (5), e61–e111. https://doi.org/10.1093/cid/ciw353.

Lin, C.C., Liu, T.C., Kuo, C.F., Liu, C.P., Lee, C.M., 2010. Aerosolized colistin for the
treatment of multidrug-resistant Acinetobacter baumannii pneumonia:
experience in a tertiary care hospital in northern Taiwan. J. Microbiol.
Immunol. Infect. 43 (4), 323–331. https://doi.org/10.1016/s1684-1182(10)
60050-3.

Lu, Q., Girardi, C., Zhang, M., Bouhemad, B., Louchahi, K., Petitjean, O., Rouby, J.J.,
2010. Nebulized and intravenous colistin in experimental pneumonia caused by
Pseudomonas aeruginosa. Intensive Care Med. 36 (7), 1147–1155. https://doi.
org/10.1007/s00134-010-1879-4.

Markou, N., Markantonis, S.L., Dimitrakis, E., Panidis, D., Boutzouka, E., Karatzas, S.,
Baltopoulos, G., 2008. Colistin serum concentrations after intravenous
administration in critically ill patients with serious multidrug-resistant,
gram-negative bacilli infections: a prospective, open-label, uncontrolled
study. Clin. Ther. 30 (1), 143–151. https://doi.org/10.1016/
j.clinthera.2008.01.015.

Michalopoulos, A., Fotakis, D., Virtzili, S., Vletsas, C., Raftopoulou, S., Mastora, Z.,
Falagas, M.E., 2008. Aerosolized colistin as adjunctive treatment of ventilator-
associated pneumonia due to multidrug-resistant Gram-negative bacteria: a
prospective study. Respir. Med. 102 (3), 407–412. https://doi.org/10.1016/j.
rmed.2007.10.011.

Rello, J., Sole-Lleonart, C., Rouby, J.J., Chastre, J., Blot, S., Poulakou, G., Roberts, J.A.,
2017. Use of nebulized antimicrobials for the treatment of respiratory infections
in invasively mechanically ventilated adults: a position paper from the
European Society of Clinical Microbiology and Infectious Diseases. Clin.
Microbiol. Infect. 23 (9), 629–639. https://doi.org/10.1016/j.cmi.2017.04.011.

Valachis, A., Samonis, G., Kofteridis, D.P., 2015. The role of aerosolized colistin in the
treatment of ventilator-associated pneumonia: a systematic review and
metaanalysis. Crit. Care Med. 43 (3), 527–533. https://doi.org/10.1097/
ccm.0000000000000771.

Vardakas, K.Z., Voulgaris, G.L., Samonis, G., Falagas, M.E., 2018. Inhaled colistin
monotherapy for respiratory tract infections in adults without cystic fibrosis: a
systematic review and meta-analysis. Int. J. Antimicrob. Agents 51 (1), 1–9.
https://doi.org/10.1016/j.ijantimicag.2017.05.016.

https://doi.org/10.1016/j.ijantimicag.2014.07.004
https://doi.org/10.1186/s40560-015-0072-9
https://doi.org/10.1016/j.jmii.2014.08.009
https://doi.org/10.1378/chest.10-0463
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.1016/s1684-1182(10)60050-3
https://doi.org/10.1016/s1684-1182(10)60050-3
https://doi.org/10.1007/s00134-010-1879-4
https://doi.org/10.1007/s00134-010-1879-4
https://doi.org/10.1016/j.clinthera.2008.01.015
https://doi.org/10.1016/j.clinthera.2008.01.015
https://doi.org/10.1016/j.rmed.2007.10.011
https://doi.org/10.1016/j.rmed.2007.10.011
https://doi.org/10.1016/j.cmi.2017.04.011
https://doi.org/10.1097/ccm.0000000000000771
https://doi.org/10.1097/ccm.0000000000000771
https://doi.org/10.1016/j.ijantimicag.2017.05.016

	Inhaled colistin for the treatment of nosocomial pneumonia due to multidrug-resistant Gram-negative bacteria: A real-life experience in tertiary care hospitals in Saudi Arabia
	1 Introduction
	2 Method
	2.1 Study design
	2.2 Study variables
	2.3 Microbiological testing
	2.4 Definitions
	2.5 Statistical analysis

	3 Results
	4 Discussion
	ack11
	Acknowledgement
	References


