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BACKGROUND: Inhaled tobramycin can be used for empiric or definitive therapy of ventila-

tor-associated pneumonia (VAP) in mechanically ventilated patients. This is believed to minimize

systemic exposure and potential adverse drug toxicities including acute kidney injury (AKI).

However, detectable serum tobramycin concentrations have been reported after inhaled tobra-

mycin therapy with AKI. METHODS: This retrospective, observational study evaluated mechani-

cally ventilated adult subjects admitted to ICUs at a large, urban academic medical center that

received empiric inhaled tobramycin for VAP. Subjects were separated into detectable (ie, 6 0.6

mg/L) or undetectable serum tobramycin concentration groups, and characteristics were compared.

Independent predictors for detectable serum tobramycin concentration and new onset AKI during

or within 48 h of therapy discontinuation were assessed. RESULTS: Fifty-nine inhaled tobramycin

courses in 53 subjects were included in the analysis, of which 39 (66.1%) courses administered

to 35 (66.0%) subjects had detectable serum tobramycin concentrations. Subjects with detectable

serum tobramycin concentrations were older (57.1 y 6 11.4 vs 45.9 615.0, P 5 .004), had higher

PEEP (9.2 cm H2O [7.0–11.0] vs 8.0 [5.6–8.9], P 5 .049), chronic kidney disease stage 6 2 (10

[29.4%] vs 0 [0%], P 5 .009), and higher serum creatinine before inhaled tobramycin therapy

(1.26 mg/dL [0.84–2.18] vs 0.76 [0.47–1.28], P 5 .004). Age (odds ratio 1.09 [95% CI 1.02–1.16],

P 5 .009) and PEEP (odds ratio 1.47 [95% CI 1.08–2.0], P 5.01) were independent predictors

for detectable serum tobramycin concentration. Thirty-seven subjects had no previous renal dis-

ease or injury, of which 9 (24.3%) developed an AKI. Sequential Organ Failure Assessment

score (odds ratio 1.72 [95% CI 1.07–2.76], P 5 .03) was the only independent predictor for AKI.

CONCLUSIONS: Detectable serum tobramycin concentrations were frequently observed in crit-

ically ill, mechanically ventilated subjects receiving empiric inhaled tobramycin for VAP. Subject

age and PEEP were independent predictors for detectable serum tobramycin concentration. Serum

monitoring and empiric dose reductions should be considered in older patients and those requiring

higher PEEP. Key words: aminoglycosides; tobramycin; critical illness; pneumonia; ventilators; me-
chanical; acute kidney injury. [Respir Care 2022;67(1):16–23. © 2022 Daedalus Enterprises]

Introduction

Ventilator-associated pneumonia (VAP) is a common

hospital-acquired infection affecting between 10–27% of

mechanically ventilated patients with an attributable mortality

ranging 13–37%.1-4 As the incidence of multidrug-resistant

organisms (MDRO) continues to increase, aerosolized or

inhaled aminoglycoside antibiotics are often used as empiric

or definitive therapy to treat VAP in ICU patients.5,6 Most

recent guidelines support the use of inhaled aminoglycosides

in addition to systemic therapy for the treatment of VAP due

to MDRO.7 Depending on the inhalation system used and the

particle size of the medication, inhaled aminoglycosides may

deliver significantly higher concentrations to the lung paren-

chyma compared to intravenous administration.8 Another

perceived benefit of inhaled aminoglycosides is minimizing

systemic exposure, which can limit adverse effects such as

ototoxicity with elevated serum concentrations and acute kid-

ney injury (AKI) with lack of serum clearance.5,9

Tobramycin is an aminoglycoside frequently used as

inhaled therapy. Inhaled tobramycin is FDA approved for

use in patients with cystic fibrosis but is also used off-label

in patients with VAP. Given the particle size of tobramycin,

it is anticipated that inhaled tobramycin would not result in
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significant systemic accumulation. Detectable serum tobra-

mycin concentrations have been documented in patients

receiving inhaled tobramycin or tobramycin instilled

through the endotracheal tube.10-13 Despite the risk of

detectable serum tobramycin concentrations, reports of

adverse effects are low.14 Case reports have indicated sub-

jects developed AKI and vestibular toxicity.15-19

Risk factors associated with systemic absorption of

inhaled tobramycin and subsequent development of adverse

effects remain unclear. Systemic absorption following

inhaled tobramycin is likely multifactorial and could be due

to factors such as AKI, chronic kidney disease, positive-

pressure ventilation, diminished acute or chronic lung func-

tion with or without structural lung pathologies, or airway

obstructions (eg, mucous plugs).20

This retrospective cohort analysis observed critically ill,

mechanically ventilated subjects that received inhaled

tobramycin as part of VAP treatment. We aimed to investi-

gate the rate of and assess risk factors for detectable serum

tobramycin concentrations. The practical application of this

study is to increase awareness among clinicians regarding

the safety of inhaled tobramycin.

Methods

This single-center, retrospective, observational, safety

analysis evaluated adult subjects on mechanical ventilation

admitted to an ICU at the University of Cincinnati Medical

Center that received inhaled tobramycin for empiric treat-

ment of VAP per institutional protocol. The study was

approved by the University of Cincinnati Institutional

Review Board, and data collection was conducted August

2016 and July 2017. Data were being collected across all

institutional ICUs (ie, medical, surgical, neuroscience, car-

diovascular, burns) in which serum tobramycin concentra-

tions were intended to be drawn after the third or fourth

inhaled tobramycin dose in subjects receiving empiric ther-

apy as part of a safety and quality analysis. The pursuance

of this safety analysis was driven by 2 anecdotal observa-

tions in patients who subjects developed AKI had random

serum tobramycin concentrations drawn and return detecta-

ble while receiving inhaled tobramycin. For the safety anal-

ysis, the first concentration was intended to be drawn 3 h

after the third dose with an optional second concentration

10 h after the third dose. The formulation of inhaled tobra-

mycin used for subjects without cystic fibrosis was sterilely

compounded as 7.5 mL of tobramycin 40 mg/mL for injec-

tion, resulting in a final dose of 300 mg instilled into vibrat-

ing mesh nebulizer (Aerogen, Galway, Ireland) on the dry

side of the humidified adult breathing circuit. The mesh

nebulizer is set for a 30-min nebulization cycle with a max-

imum capacity of 6 mL. The remainder of the 7.5 mL is

added once there is room in the nebulizer cup to avoid

potential interruption to ventilation or the nebulization

process.

Adult patients on mechanical ventilation were eligi-

ble for inclusion if they were initiated on inhaled
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Current knowledge

Inhaled tobramycin may be used as an adjunctive treat-

ment in adult critically ill patients with ventilator-asso-

ciated pneumonia (VAP). This route of administration

is thought to lessen systemic tobramycin exposure and

risk for acute kidney injury (AKI) relative to intrave-

nous administration; however, the incidence of detecta-

ble serum tobramycin concentrations in adult critically

ill patients without cystic fibrosis is unknown. Risk fac-

tors for detectable tobramycin concentrations and asso-

ciation with AKI are poorly characterized to support

safe use of inhaled therapy.

What this paper contributes to our knowledge

A majority of critically ill subjects receiving inhaled

tobramycin therapy without concomitant intravenous

therapy for VAP were at risk for systemic exposure.

Subject age and PEEP while receiving inhaled tobramy-

cin were independent risk factors associated with detecta-

ble serum tobramycin concentration. New AKI was

associated with severity of illness and not the presence of

detectable serum tobramycin during inhaled therapy.
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tobramycin therapy for empiric antibacterial coverage

of VAP and received at least three 300 mg doses twice

daily and had at least one serum trough tobramycin

concentration drawn after the third dose. Patients were

excluded if they had a diagnosis of cystic fibrosis,

received intravenous tobramycin within 48 h of the first

inhaled tobramycin dose or during inhaled tobramycin

therapy, were actively incarcerated, or were pregnant.

Subjects were included more than once if they had

inhaled tobramycin exposure > 7 d apart from one

another. If subjects were included more than once, data

such as age, sex, and race were only included in analy-

ses once. Subject entries were separated into detectable

and undetectable groups for analysis as determined by

the first serum tobramycin concentration. A serum

tobramycin concentration was considered detectable if

it was above the laboratory lower limit of 0.6 mg/L at

any time. Tobramycin assays used were a validated ho-

mogeneous enzyme immunoassay, which is an FDA-

approved test to assess serum concentrations and aligns

with package insert recommendations.

The primary aim of this pilot analysis was to compare

clinical characteristics between detectable and undetectable

groups. Secondary aims included assessment of factors

associated with and independent predictors for detectable

tobramycin concentrations and, for those with detectable

concentrations, new onset AKI during therapy or within 48

h of inhaled tobramycin discontinuation, as determined

by the Kidney Disease: Improving Global Outcomes

(KDIGO) criteria.21 Subjects were only included in this

analysis if they did not have a history of end-stage renal dis-

ease (ESRD) or AKI prior to inhaled tobramycin initiation.

AKI prior to inhaled tobramycin was determined with

the same KDIGO criteria used for new onset AKI. For

the purpose of evaluations focused on AKI, subjects

were separated into new onset AKI and no AKI groups.

Data collected included age, weight, race, sex, serum

creatinine before inhaled tobramycin initiation, serum

creatinine closest to inhaled tobramycin completion,

whether the subject was on a pressure or volume venti-

lator mode during the first dose of inhaled tobramycin,

ventilator settings including FIO2
and PEEP during

inhaled tobramycin therapy, PaO2
/FIO2

, Sequential

Organ Failure Assessment (SOFA) score,22 mechanical

ventilation duration, days of mechanical ventilation

prior to inhaled tobramycin initiation, a diagnosis of

COPD, ESRD, or chronic kidney disease stage 2 or

greater (as identified per chart history and physical),

AKI during treatment and within 48 h of cessation, re-

nal replacement therapy mode (eg, continuous renal

replacement therapy [CRRT], intermittent hemodialy-

sis) received during inhaled tobramycin therapy, and di-

agnosis of septic shock or ARDS during or within 7 d of

inhaled tobramycin therapy. Due to the piloted, safety

analysis approach of this project, a convenience sample

was used including collection of data for all subjects in

any ICU receiving inhaled tobramycin identified and

monitored during the prespecified period.

Continuous variables were evaluated by Student t test or
Wilcoxon rank-sum, whereas categorical variables were eval-

uated by chi-square test or Fisher exact test as appropriate. To

identify factors associated with detectable serum tobramycin

concentrations and AKI, univariate analyses were performed.

Variables with a P < .2 on univariate analysis were included

in multivariate logistic regression analyses to identify inde-

pendent predictors for each outcome. Variables identified a

priori for inclusion in the multivariate logistic regression for

detectable serum tobramycin concentrations included age,

PEEP during inhaled tobramycin therapy, diagnosis of

ARDS within 7 d of treatment, SOFA score, CRRT or inter-

mittent hemodialysis use within 2 d of inhaled tobramycin

therapy initiation, and AKI or ESRD before inhaled tobramy-

cin therapy initiation. Variables identified a priori for inclu-

sion in the multivariate logistic regression for new onset AKI

included age, SOFA score, first serum tobramycin detectable

(ie, $ 0.6 mg/L), and total daily dose of inhaled tobramycin

per subject actual body weight. The Hosmer-Lemeshow

goodness-of-fit test statistic was reported for each multivari-

ate logistic regression analysis performed. Statistical analyses

were performed using SigmaPlot 14.0 software (Systat, San

Jose, California).

Results

Fifty-three subjects representing 59 inhaled tobramycin

courses were included. Thirty-nine (66.1%) courses adminis-

tered to 35 (66.0%) subjects had detectable serum tobramy-

cin concentrations. The median time to first serum

tobramycin concentration in the detectable group was 3.84 h

(3.34–4.54) with a corresponding median serum concentra-

tion of 1.0 mg/L (0.73–1.48; range: 0.60–3.50). The median

time to second serum tobramycin concentration (n ¼ 26 [22

detectable, 4 undetectable]) in the detectable group was 9.82

h (9.40–10.70) with a corresponding median serum concen-

tration of 1.0 mg/L (0.90–1.60; range: 0.70–2.80) (for sub-

jects with detectable second concentrations). In contrast, the

median time to first serum tobramycin concentration in the

undetectable group was 3.44 h (3.11–5.13) with undetectable

serum concentrations (< 0.6 mg/L) for all 20 courses.

Subjects with detectable serum tobramycin concentra-

tions were older, had higher median serum creatinine upon

inhaled tobramycin initiation and at inhaled tobramycin

discontinuation, had longer duration of mechanical ventila-

tion after starting inhaled tobramycin, had higher PEEP

during inhaled tobramycin therapy, more often had AKI or

ESRD prior to inhaled tobramycin therapy, and had a

higher incidence of at least chronic kidney disease stage >
2 (Table 1). Age and PEEP were found to be independent

INHALED TOBRAMYCIN FOR VAP

18 RESPIRATORY CARE � JANUARY 2022 VOL 67 NO 1



Table 1. Demographics and Clinical Characteristics of Subjects With Detectable and Undetectable Serum Tobramycin Concentrations While

Receiving Inhaled Tobramycin

Characteristic Detectable (n ¼ 39) Undetectable (n ¼ 20) P

Age,* y 57.1 6 11.4 45.9 6 15.0 .004

Weight, kg 95.7 6 25.1 96.3 6 20.7 .93

Male sex* 22 (62.9) 12 (63.2) .79

White* 29 (82.9) 15 (78.9) .73

Inhaled tobramycin length of therapy, d 2.0 (2.0–3.0) 2.0 (1.0–3.0) .13

Smoking history* 15 (42.9) 6 (31.6) .60

SOFA score, median 7 (6–9) 8 (5–9) .72

CKD stage > 2* 10 (29.4) 0 .009

ICU LOS,* d 31 (17–46) 24 (18–33) .34

AKI or ESRD prior to inhaled tobramycin 19 .0 (48.7) 2.0 (10.5) .01

History of COPD* 11.0 (32.4) 2.0 (10.5) .10

Septic shock during treatment 15.0 (38.4) 6.0 (30.0) .72

ARDS during or within 7 d treatment 15.0 (38.5) 4.0 (20.0) .25

Hospital LOS,* d 34 (22–50) 27 (23–34) .18

6-mo mortality from first inhaled tobramycin dose* 10.0 (28.6) 3.0 (15.8) .34

Baseline serum creatinine (mg/dL) 1.12 (0.89–1.27) 0.99 (0.72–1.13) .14

Serum creatinine before first dose inhaled tobramycin (mg/dL) 1.26 (0.84–2.18) 0.76 (0.47–1.28) .004

Serum creatinine after discontinuing inhaled tobramycin (mg/dL) 1.79 (0.69–2.71) 0.70 (0.46–1.16) < .001

Ventilator duration before inhaled tobramycin, d 10.0 (6.0–14.0) 9.0 (6.0–13.5) .92

Mechanically ventilated d after starting inhaled tobramycin 19.0 (8.0–34.0) 8.5 (4.2–16.5) .02

PEEP during therapy (cm H2O) 9.2 (7.0–11.0) 8.0 (5.6–8.9) .049

Maximum PEEP during therapy (cm H2O) 10.4 6 3.8 8.7 6 2.4 .07

PaO2
at initiation of inhaled tobramycin therapy, mm Hg 69.0 (62.0–80.0) 77.5 (67.5–91.5) .10

FIO2
at initiation of inhaled tobramycin therapy, % 51.0 (45.0–71.0) 58.0 (42.0–71.7) .99

PaO2
/FIO2

at inhaled tobramycin initiation 129.1 (98.3–150.9) 166.7 (86.8–223.9) .31

Pseudomonas aeruginosa or Gram-negative MDRO 12.0 (30.8) 7.0 (35.0) .97

CRRT at inhaled tobramycin initiation 13.0 (33.3) 3.0 (15.0) .23

CRRT/HD within 2 d inhaled tobramycin initiation 14.0 (35.9) 3.0 (15.0) .17

Data are expressed as n (%), median (interquartile range), or mean 6 standard deviation.
* Variables counted only once; detectable: n ¼ 35; undetectable: n ¼ 19.

SOFA ¼ Sequential Organ Failure Assessment score

CKD ¼ chronic kidney disease

LOS ¼ length of stay

AKI ¼ acute kidney injury

ESRD ¼ end-stage renal disease

MDRO ¼ multidrug-resistant organisms

CRRT ¼ continuous renal replacement therapy

HD ¼ hemodialysis

Table 2. Independent Risk Factors for Detectable Serum Tobramycin Concentrations

Characteristic P Odds Ratio (95% CI)

Age .009 1.09 (1.02–1.16)

AKI/ESRD prior to inhaled tobramycin .15 4.83 (0.57–40.70)

Mean PEEP during therapy (cm H2O) .01 1.47 (1.08–2.00)

SOFA score at inhaled tobramycin initiation .14 0.79 (0.58–1.08)

ARDS within 7 d of treatment .80 0.79 (0.13–4.89)

RRT within 2 d of inhaled tobramycin initiation .74 1.44 (0.17–11.9)

Hosmer-Lemeshow goodness-of-fit statistic: P ¼ .39.

AKI ¼ acute kidney injury

ESRD ¼ end-stage renal disease

SOFA ¼ Sequential Organ Failure Assessment

RRT ¼ renal replacement therapy
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predictors for serum tobramycin accumulation with inhaled

tobramycin therapy (Table 2).

Of the 53 subjects included in the primary aim analysis,

37 (9 new onset AKI, 28 no AKI) were included in the AKI

analysis. Clinical characteristics and demographics were

similar between groups except for incidence of ARDS dur-

ing or within 7 d of inhaled tobramycin therapy and SOFA

score at inhaled tobramycin initiation (Table 3). Only

SOFA score was found to be an independent predictor for

new AKI during inhaled tobramycin therapy or within 48 h

of discontinuation (Table 4).

Discussion

This is the first evaluation beyond case reports or series of

critically ill, mechanically ventilated subjects without cystic

fibrosis treated with empiric inhaled tobramycin for VAP.

Out of a total of 59 separate subject entries, 39 (66.1%) had at

least one detectable serum tobramycin concentration while on

inhaled therapy. This observation challenges a perceived

advantage of inhaled therapy rather than systemic administra-

tion to obtain high drug concentrations at the infection site

while minimizing adverse effects such as AKI or vestibular

toxicity. This study found that subjects with detectable serum

tobramycin concentrations while receiving inhaled tobramy-

cin were older, had a higher serum creatinine prior to inhaled

tobramycin initiation, and had higher PEEP throughout ther-

apy. Patient age and PEEP during inhaled tobramycin therapy

were identified as independent predictors of detectable serum

tobramycin concentrations. Regarding age, for every increase

in age by 1 y the odds of observing a detectable serum tobra-

mycin concentration increased by 9%, whereas PEEP

increased odds by 47% for every 1 cm H2O increase > 5 cm

H2O. This occurred despite severity of illness or disease

states such as ARDS being no different between groups.

These findings provide insight on patients to either consider

monitoring serum tobramycin concentrations while on

Table 3. Demographics and Clinical Characteristics of Subjects With New Onset AKI and no AKI While Receiving Inhaled Tobramycin

Characteristic AKI (n ¼ 9) No AKI (n ¼ 28) P

Age, y 54.7 6 8.9 49.4 6 16.3 .36

Weight, kg 102.0 6 26.8 94.1 6 23.1 .40

Male sex 5 (55.6) 16 (57.1) > .99

White 8 (88.9) 23 (82.1) > .99

ICU LOS, d 27.0 (22.5–59.0) 22.5 (15.0–28.0) .10

Hospital LOS, d 31.0 (23.5–64.5) 25.5 (19.0–33.7) .17

SOFA score 8.0 (7.0–10.5) 6.0 (5.0–8.0) .03

6-mo mortality from first dose 3.0 (33.3) 3.0 (10.7) .14

Detectable concentration measured 6.0 (66.7) 14.0 (50.0) .46

First serum tobramycin concentration, mg/L* 0.75 (0.68–1.30) 0.90 (0.68–1.10) .73

MAP at inhaled tobramycin initiation, mm Hg 72.0 (63.5–81.5) 78. (68.0–95.5) .18

Mechanical ventilation d before inhaled tobramycin 9.0 (6.5–13.5) 7.5 (5.25–10.0) .40

Mechanical ventilation d after starting inhaled tobramycin 17.0 (14.5–34.0) 8.5 (5.0–20.0) .056

ARDS during or within 7 d of inhaled tobramycin 5.0 (55.6) 4.0 (14.3) .02

Septic shock during inhaled tobramycin 4.0 (44.4) 8.0 (28.6) .43

Pseudomonas aeruginosa or Gram-negative MDRO 5.0 (55.6) 7 (25.0) .12

First serum tobramycin concentration detectable 6.0 (66.7) 14.0 (50.0) .46

Total daily dose of tobramycin, mg/kg 6.00 (4.95–7.30) 6.65 (5.55–7.48) .37

Data are expressed as n (%), median (interquartile range), or mean 6 standard deviation.

* This analysis only included 20 patients, all of which were from the detectable group. Seventeen patients (of which 3 developed AKI) had undetectable concentrations and were not included in this

analysis.

AKI ¼ acute kidney injury

LOS ¼ length of stay

SOFA ¼ Sequential Organ Failure Assessment

MAP ¼ mean arterial pressure

MDRO ¼ multidrug-resistant organisms

Table 4. Independent Predictors for New Acute Kidney Injury in

Subjects Receiving Inhaled Tobramycin

Characteristic P
Odds Ratio

(95% CI)

Age .35 1.04 (0.96–1.13)

SOFA score .03 1.72 (1.07–2.76)

First serum tobramycin

concentration detectable

.23 4.00 (0.42–38.10)

Total daily dose of tobramycin .22 0.65 (0.33–1.29)

Hosmer-Lemeshow goodness-of-fit statistic: P ¼ .58.

SOFA ¼ Sequential Organ Failure Assessment
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inhaled tobramycin therapy or administering the therapy

less frequently.

When assessing the literature for serum tobramycin con-

centrations with inhaled tobramycin use, data are primarily

limited to case reports or series in subjects with cystic fibro-

sis and/or history of solid-organ transplantation > 20-y

old.13,18,23,24 These occurrences happened in children with

and without a history of renal disease, much like observed

in the data reported in the present study. One case report by

Hoffman et al18 in a 20-y-old patient with cystic fibrosis

confirmed aminoglycoside-induced changes via renal bi-

opsy. The largest case series was performed at a single aca-

demic center in 40 children < 18-y old with cystic fibrosis

receiving inhaled tobramycin over a 6.5-y time frame.23

Twenty-two (55%) of the subjects had serum tobramycin

trough concentrations obtained, of which 10 (45.5%) were

detectable. The authors observed no differences between

detectable and nondetectable groups regarding age, sex, or

administration technique. In contrast to the current study,

subjects in the detectable group tended to be younger but

did display a significant decrease in glomerular filtration

rate. Case reports in older adult subjects parallel to our

groups also report AKI or vestibular toxicity with inhaled

tobramycin.25-27 The age range for these 4 case reports was

41–75-y old and involved subjects with a history of cystic

fibrosis, solid-organ transplant, or had extensive comorbid-

ities. The first case was a 41-y-old woman with a history of

renal failure requiring hemodialysis that was on inhaled

tobramycin 300 mg twice daily for Pseudomonas aerugi-
nosa in her sputum.19 After 16 d of therapy, the subject had

a serum tobramycin trough concentration drawn predialysis

that returned at 19.2 mg/L with a subsequent concentration

drawn a week later that remained at 19.5 mg/L. This subject

did develop vestibular toxicity. Interestingly, the oldest

subject at 75-y old developed isolate vestibular toxicity af-

ter 2 weeks of inhaled tobramycin but no evidence of renal

toxicity.27 No serum concentrations were reported. To note,

serum concentrations of inhaled aminoglycosides are not

isolated to inhaled tobramycin as it has also been reported

with amikacin.28

The association between positive-pressure ventilation

and detectable serum tobramycin concentrations is consist-

ent with previously published literature.13 This case reports

of a 19-y-old woman status post a second heart transplant

that was receiving inhaled tobramycin for an Acinetobacter
baumannii pneumonia. Her course of therapy started 10 d

after transplantation and was continued up through 89 d.

Multiple serum tobramycin peak and trough concentrations

were evaluated and returned elevated. She was on mainte-

nance hemodialysis and positive-pressure ventilation for

the first 36 d. Dose reductions for inhaled tobramycin were

made at day 30 (to 80 mg twice daily) and day 61 (to 300

mg every 24 h). Concentrations notably improved after she

was weaned off ventilation. This observation is further

supported by evidence that an increase in positive pressure

leads to a significant decrease in an aerosol’s aerodynamic

diameter.29 This could potentially result in an increased mo-

lecular penetrability into the deeper, more vascular alveolar

regions of the lungs, leading to increased penetration into

systemic circulation.30 Combined with the data presented in

the current study, patients receiving inhaled tobramycin

requiring higher PEEP may warrant serum concentration

monitoring and dose reductions to minimize likelihood of

systemic absorption.

Our findings further confirmed the risk for new onset

AKI in subjects receiving inhaled tobramycin without a

previous history of renal disease. Of the 37 subjects eval-

uated in this secondary aim, 9 (24.3%) developed new onset

AKI. Subjects that developed AKI had a higher incidence

of ARDS during or within 7 d of inhaled tobramycin ther-

apy and had a higher SOFA score. This is in comparison to

an estimated 25% of all subjects who develop nephrotoxic-

ity when receiving aminoglycoside therapy, although

extended-interval dosing strategies have displayed an even

lower incidence of 0–5% as this strategy allows for serum

clearance and post-antibiotic effect.31-33 It is important to

note these observations were not focused in critically ill

subjects being treated for VAP. Only the SOFA score was

identified as an independent predictor of new onset AKI in

subjects receiving inhaled tobramycin, with an increase of

72% for every 1-point increase in score. This finding aligns

with previously reported literature of 333 critically ill non-

cardiac surgical subjects with elevated SOFA score predict-

ing severe AKI within 7 d of ICU admission.34 The authors

reported specifically on SOFA nonrenal scores on admis-

sion with a score range of 2–5 having an odds ratio of 2.69

(95% CI 1.87–3.87, P < .001) and a score range of $ 6

having an odds ratio of 7.39 (95% CI 4.90–11.16, P <
.001). Similar findings were reported in a systematic review

and meta-analysis regarding risk factors for AKI in subjects

on extracorporeal membrane oxygenation.35 The authors

reported a higher risk of severe AKI related to increasing

SOFA scores with a weighted mean difference of 2.68

(95% CI 1.73–3.62, P < .001). As such, it is also important

to recognize that AKI is multifactorial in critically ill

patients, and variables such as sepsis or septic shock

increase the risk for organ dysfunction with or without

inhaled tobramycin.

Several limitations of this study should be acknowl-

edged. The was a single-center, retrospective, observation

study that initially started as a quality improvement project.

As such, a convenience sample was employed with the

intent of including all subjects with serum tobramycin con-

centrations drawn. There were subjects in which serum

tobramycin concentrations were missed, further limiting

reportable data and overall sample size. Our institutional

lab cutoff for serum tobramycin concentrations of 0.6 mg/L

may have resulted in potentially missing subjects with
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detectable concentrations. The multivariate logistic regres-

sion models were performed with 6 variables for 59 subject

entries and 4 variables for 37 subjects, respectively. Based

on the observed goodness-of-fit statistics of the multivariate

models, larger cohorts may be needed to improve the preci-

sion of the risk factor assessments. Additionally, the 95%

CI of all variables included would suggest no overtly under-

powered interactions. As a modest proportion of subjects

included in the analysis was in the surgical ICU that

includes trauma at a level 1 trauma center, some of these

findings may not be immediately valid to centers that do

not take care of those patients. Lastly, this analysis focused

on subjects receiving inhaled tobramycin as empiric ther-

apy only. However, these findings would likely remain ap-

plicable for longer, definitive use of inhaled tobramycin as

well if risk factors were present.

After completing a thorough literature review, this study

appears to be the largest patient population reported regard-

ing characteristics around inhaled tobramycin therapy and

detectable serum concentrations. As inhaled tobramycin is

an alternative to systemic tobramycin therapy in our institu-

tional VAP protocols, this approach is standard of care at

our institution, which enhances familiarity. The potential

benefit of including all subjects receiving inhaled tobramy-

cin therapy was to enhance external validity of the data

reported. Variables included in the multivariate logistic

regression models were identified a priori by the authors in

effort to reduce potential bias. The findings from this study

provides valuable insight to enhance awareness around

implications of inhaled tobramycin use and may provide a

foundation for larger, prospective studies to evaluate these

impacts.

Conclusions

This study sought to describe subject characteristics that

developed detectable serum concentrations of tobramycin

while receiving inhaled tobramycin therapy. Whereas

inhaled aminoglycosides can be considered due to the per-

ceived advantages over intravenous administration such as

obtaining high drug concentrations at the infection site and

minimizing systemic exposure, we observed most subjects

exhibiting detectable serum tobramycin concentrations.

Both age and PEEP were identified as independent predic-

tors of detectable serum tobramycin concentrations. These

observations occurred despite no difference in severity of

illness or ARDS incidence between detectable and unde-

tectable groups. AKI also occurred in subjects with no his-

tory of renal disease prior to receiving inhaled tobramycin.

Finally, the SOFA score was identified as an independent

predictor for new onset AKI. Clinicians should consider se-

rum tobramycin concentration monitoring and empiric dose

reductions in older patients with higher PEEP requirements

receiving inhaled tobramycin.
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