
Inhaled Tobramycin for Treatment of Ventilator-Associated Pneumonia:
The Interplay of Patient, Drug, and Device

Inhalation of antibiotics has had a long and checkered his-

tory. After their introduction in the 1940s, the use of inhaled

antibiotics was abandoned for many decades because indis-

criminate and inappropriate use led to excess mortality due

to pneumonia with multidrug-resistant (MDR) organisms.1

Several factors contributed to a renewed interest in use of

inhaled antibiotics for treatment of ventilator-associated

pneumonia (VAP), including improved understanding of aer-

osol delivery in mechanically ventilated patients and the

availability of more efficient aerosol-generating devices,

reported success with use of inhaled antibiotics in patients

with cystic fibrosis, and the emergence of MDR organisms

that failed to respond to systemically administered antibiot-

ics.2 Currently, inhaled antibiotics are frequently employed

as adjuncts to systemic antibiotics for treatment of VAP.3

The potential benefits of inhaled antibiotics in patients

with VAP are that aerosolization through the artificial air-

way ensures direct delivery to the site of infection, with

high lung concentrations but low plasma concentrations,

which minimizes the risk of systemic toxicity.4,5 The ability

of inhaled antibiotics to penetrate biofilms and limit

Quorum sensing is thought to be an advantage over sys-

temically administered antibiotics.6,7

In contrast, systemically administered antibiotics have a

narrow therapeutic window, and combining the use of

inhaled antibiotics with systemic antibiotics has the poten-

tial to reduce overall use and duration of systemic antibiotic

therapy.4,5 The combined use of inhaled and systemic anti-

biotics could also reduce selection pressure for emergence

of MDR organisms.8 However, combining inhaled and sys-

temic antibiotics has not been shown to provide clinical

superiority to systemic antibiotics alone in prospective clini-

cal trials in subjects with VAP due to Gram-negative organ-

isms.9,10 Thus, recommendations to use inhaled antibiotics

are limited; the American Thoracic Society/Infectious

Diseases Society of America guidelines for treatment of

VAP recommend inhaled antibiotics as adjunctive therapy in

patients with Gram-negative organisms susceptible only to

aminoglycosides and polymyxins who are not responding to

systemic therapy alone.11

The safety of antibiotics administered by inhalation is

predicated on the belief that absorption of drugs from the

lungs is limited and low plasma levels could avoid systemic

adverse reactions such as acute kidney injury (AKI). In this

issue of the Journal, Droege and colleagues12 report their

experience with inhaled tobramycin as empiric treatment

for VAP at a large, urban medical center. Inhaled tobramy-

cin was administered to 53 subjects (total 59 courses), and

the characteristics of subjects who had detectable serum

concentrations ($ 0.6 mg/L) were compared with subjects

with undetectable serum levels (ie,< 0.6 mg/L). In this ret-

rospective analysis, detectable serum concentrations were

noted in older subjects, those with chronic kidney disease

stage$ 2, subjects with higher serum creatinine levels, and

those who were receiving higher PEEP.12 On multivariate

logistic regression analysis, older age and higher PEEP

were independent predictors of detectable serum tobramy-

cin levels. In 37 subjects with no previous history of renal

disease or injury, the Sequential Organ Failure Assessment

(SOFA) score was the only independent predictor for devel-

opment of AKI in 9 subjects.12 The authors concluded that

serum monitoring and empiric reduction of inhaled tobra-

mycin dose should be considered in older patients and those

requiring higher PEEP levels.12

The distribution of antibiotics after inhalation depends

on a host of factors. Pharmacokinetic and pharmacody-

namic characteristics could be influenced by changes in

cardiac output, fluid balance, need for organ support, and

renal/hepatic dysfunction among others. These factors

could lead to uncertainty in antibiotic dosing. Faster or

slower rates of metabolism among patients may lead to

underdosing or overdosing. Although rare, systemic tox-

icity may result in patients with renal dysfunction, and

therapeutic drug monitoring and/or dosing adjustments

may be needed in patients with renal failure or those

receiving dialysis support.13 The interaction of these fac-

tors could explain the observation of Droege and
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colleagues that older subjects and those requiring a

higher level of PEEP had higher odds of having detecta-

ble levels of tobramycin in serum.12

Two aspects of the study by Droege and colleagues12

deserve further consideration. First, the investigators aero-

solized the intravenous formulation of tobramycin. The

specially formulated tobramycin solution for inhalation

(TOBI, Novartis Pharmaceuticals, Basel, Switzerland) is a

preservative-free, nonpyrogenic, pH 6.0 solution and is sa-

linity adjusted for use with a nebulizer. It contains 300 mg

of tobramycin and 11.25 mg sodium chloride in 5 mL ster-

ile water.14 Although not specifically stated in the accompa-

nying paper, Droege and colleagues12 probably used a

generic, sterile, preservative-free intravenous tobramycin

(PFIT) solution (X-Gen Pharmaceuticals, Horseheads, New

York) that is made to order by pharmacy sterile products to

a concentration of 40 mg/mL. The recommended dose for

both solutions is 300 mg of tobramycin twice daily. The

therapeutic substitution of TOBI with PFIT is perceived as

being efficacious and safe. However, there are limited data

regarding the use of either product, mostly in subjects with

cystic fibrosis.15,16 The substitution of TOBI for PFIT is

associated with significant cost savings and has not been

associated with any safety concerns.14

The second consideration is that subjects included in the

study by Droege and colleagues received at least 3 doses of

inhaled tobramycin (300 mg twice daily). The serum trough

level of tobramycin was drawn after the third dose. The dose

of tobramycin employed was based on doses employed to

treat Pseudomonas infection in patients with cystic fibro-

sis.15,16 Nebulizers are commonly employed for aerosoliza-

tion of antibiotics in patients with VAP. Whereas TOBI is

recommended for use with a jet nebulizer and compatible

compressor (a PARI LC Plus nebulizer and Pulmo-Aide

5650D compressor are recommended) in patients with cystic

fibrosis,17 the European Society of Clinical Microbiology

and Infectious Diseases recommends the use of vibrating

mesh nebulizers over jet and ultrasonic nebulizers for deliv-

ery of inhaled antibiotics.18,19 The various nebulizers differ

in their drug delivery efficiency depending on fill volumes,

placement in the ventilator circuit, bias flow, mode of nebuli-

zation, and gas flow used to operate the nebulizer.20 In their

report, Droege and coworkers12 employed a high-efficiency

vibrating mesh nebulizer placed on the dry side of the

humidified adult breathing circuit. This configuration of

the nebulizer could deliver a higher dose of tobramycin to

the lungs of patients with VAP. For example, in a bench

model of mechanical ventilation, placement of the vibrating

mesh nebulizer on the dry side of the humidifier delivered a

2–4-fold higher dose to the airway compared to a jet nebu-

lizer.21 Thus, a higher-than-expected frequency of detectable

serum levels in subjects reported by Droege and colleagues12

could be explained on the basis of higher deposition of

tobramycin in the lungs, and the nominal dose may need

adjustment when a high-efficiency vibrating mesh nebulizer

is used versus a jet nebulizer.

In summary, we do not yet have an accurate estimate of

the dose of nebulized tobramycin delivered to the lungs of

patients with VAP. Further studies are needed to determine

the appropriate dose and other patient-related factors before

making a universal requirement for monitoring serum lev-

els in mechanically ventilated patients receiving inhaled

tobramycin. There can be no argument, however, that

patients with preexisting AKI or chronic kidney disease

should have their serum levels assessed while receiving

inhaled tobramycin, and adjustment to the inhaled dose

should be made accordingly. Such investigations are

needed because inhaled antibiotics are being employed

with increasing frequency for empiric treatment of VAP.
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7. Luyt C-E, Hékimian G, Bréchot N, Chastre J. Aerosol therapy for

pneumonia in the intensive care unit. Clin Chest Med 2018;39(4):823-

836.

8. Palmer LB. Aerosolized antibiotics in the intensive care unit. Clin

Chest Med 2011;32(3):559-574.

9. Niederman MS, Alder J, Bassetti M, Boateng F, Cao B, Corkery K,

et al. Inhaled amikacin adjunctive to intravenous standard-of-care anti-

biotics in mechanically ventilated patients with Gram-negative pneu-

monia (INHALE): a double-blind, randomized, placebo-controlled,

phase 3 superiority trial. Lancet Infect Dis 2020;20(3):330-340.

10. Kollef MH, Ricard JD, Roux D, Francois B, Ischaki E, Rozgonyi Z,

et al. A randomized trial of the amikacin fosfomycin inhalation system

for the adjunctive therapy of Gram-negative ventilator-associated

pneumonia. IASIS Trial. Chest 2017;151(6):1239-1246.

11. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA,

Palmer LB, et al. 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 2016;63(5):e61-e111.

EDITORIALS

152 RESPIRATORY CARE � JANUARY 2022 VOL 67 NO 1



12. Droege CA, Ernst NE, Foertsch MJ, Bradshaw PG, Globke AE,

Gomaa D, et al. Assessment of detectable serum tobramycin concen-

trations in patients receiving inhaled tobramycin for ventilator-associ-

ated pneumonia. Respir Care 2021;67(1):16-23.

13. de Velde F, Emonts M, Verbruggen S, van der Sijs H. High tobramy-

cin serum concentrations after tobramycin inhalation in a child with

renal failure. J Antimicrob Chemother 2014;69(11):3163-3164.

14. Gauthier T, Wasko J, Unger N, Abbo L, Fernandez M, Aragon L, et al.

Cost reduction of inhaled tobramycin by use of preservative-free intrave-

nous tobramycin given via inhalation. Antibiotics (Basel) 2015;5(1):2.

15. Alothman GA, Alsaadi MM, Ho BL, Ho SL, Dupuis A, Corey M,

Coates AL. Evaluation of bronchial constriction in children with cystic

fibrosis after inhaling two different preparations of tobramycin. Chest

2002;122(3):930-934.
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