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Inhaled tobramycin treatment has been associated with nephrotoxicity in some case
reports, but limited data are available about serum levels and its possible systemic
absorption in lung transplant recipients (LTR). We conducted a single-center,
observational and retrospective study of all adult (>18years old) LTR treated with
inhaled tobramycin for at least 3 days between June 2019 and February 2022.
Trough serum levels were collected and >2 ug/mL was considered a high drug level.
The primary outcome assessed the presence of detectable trough levels, while the
secondary outcome focused on the occurrence of acute kidney injury (AKI) in individuals
with detectable trough levels. Thirty-four patients, with a median age of 60 years, were
enrolled. The primary indications for treatment were donor bronchial aspirate bacterial
isolation (18 patients) and tracheobronchitis (15 patients). In total, 28 patients (82%)
exhibited detectable serum levels, with 9 (26%) presenting high levels (>2 pyg/mL).
Furthermore, 9 patients (26%) developed acute kidney injury during the treatment
course. Median trough tobramycin levels were significantly elevated in invasively
mechanically ventilated patients compared to non-ventilated individuals (2.5 ug/mL
vs. 0.48 ug/mL) (p < 0.001). Inhaled tobramycin administration in LTRs, particularly in
those requiring invasive mechanical ventilation, may result in substantial systemic
absorption.
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INTRODUCTION

Bacteria are the most frequent cause of infection in lung transplant recipients (LTR) [1], leading to
tracheobronchitis or pneumonia and might affect the bronchial suture [2]. To control such
infections, inhaled antibiotics are frequently used, although few published data are available [1].
We have previously described the use of inhaled antibiotics to prevent donor-derived infection, even
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Tobramycin systemic absorption in lung transplant recipients treated with inhaled tobramycin:

a cohort study
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GRAPHICAL ABSTRACT

in multidrug resistant bacteria [3]. The efficacy of secondary
prophylaxis involving nebulized antibiotics during the intensive
care unit (ICU) admission of lung transplant recipients has also
been documented [4].

The inhalational route facilitates the direct delivery of high
antibiotic concentrations to the lungs, exposing bacteria to
lethal concentrations while minimizing potential systemic
toxicity by limiting absorption [5]. Colistin and tobramycin
are very common nebulized antibiotics. Several studies have
indicated that plasma levels in patients treated with nebulized
colistin for ventilator-associated pneumonia are either
undetectable or very low, falling below levels associated with
potential nephrotoxicity [6]. Systemic tobramycin is recognized
for its adverse effects, encompassing nephrotoxicity and
ototoxicity [7]. Consequently, it becomes crucial to ascertain
the extent of systemic absorption of inhaled, particularly in LTR
who frequently receive other nephrotoxic drugs such as
calcineurin inhibitors [8]. However, there are few studies
describing the systemic absorption of inhaled tobramycin.
Detectable tobramycin levels have been reported, mainly in
patients with  cystic fibrosis and associated with
nephrotoxicity in some cases [9-11]. Nevertheless, these
findings have not been confirmed in other studies [12-14]. In
the setting of lung transplantation, cases of drug absorption and
nephrotoxicity have also been documented [15-19].

The aim of our study is to analyze the systemic absorption of
inhaled tobramycin by assessing trough serum tobramycin levels
in a cohort of LTR treated with inhaled tobramycin.

MATERIAL AND METHODS
Patients and Setting

This is an observational retrospective study performed at Hospital
Universitari Vall d’Hebron, a 1,000-bed teaching hospital in
Barcelona (Spain). Our institution is the leading lung transplant
center in Spain, conducting approximately 120 lung transplants
annually. The study encompassed all consecutive adult patients
(=18 years of age) who underwent lung transplantation and
received inhaled tobramycin treatment for a duration of at least
3 days. The study period extended from June 2019 to February 2022.

Following a clinical protocol implemented by the lung
transplant unit since June 2019, tobramycin trough levels were
systematically assessed in all lung transplant recipients
undergoing nebulized tobramycin treatment. The frequency of
drug monitoring was determined by the treating physician
according to usual clinical practice.

The Clinical Research Ethics Committee of our hospital
approved the study (EOM(AG)021/2022(5980)) and waived
the requirement for informed consent.

Lung Transplant Antibiotic Protocol

The preventive antibiotic strategy in our center involves the
administration of intravenous amoxicillin-clavulanate and
ceftazidime during the surgical lung transplant procedure. This
intravenous regimen is continued until the results of
perioperative  cultures are obtained. In cases where
intraoperative bacterial isolation is identified in either the
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TABLE 1 | Comparison of demographic variables between patients with detectable tobramycin levels vs. patients with undetectable levels.

Patients (N = 34)

Male sex 21 (62)
Age, years, median (IQR) 60 (52-65)
Lung disease
Pulmonary fibrosis 13 (38)
Chronic obstructive pulmonary disease 12 (35)
Bronchiolitis obliterans 2 (6)
Bronchiectasis 1(3)
COVID-19 pneumonia 1(3)
Cystic fibrosis 1(3)
Pleuropulmonary fibroelastosis 1(3)
Pulmonary alveolar proteinosis 13)
Pulmonary lymphangioleiomyomatosis 10
Pulmonary veno-occlusive disease 10
Type of lung transplant
Single 3(9)
Bilateral 31 (91)

Data are presented as the number and percentage unless otherwise indicated.

recipient or donor, intravenous antibiotics are customized based
on antibiotic susceptibility patterns and extended for a duration
of 10-14 days. Furthermore, inhaled antibiotics such as
tobramycin (300 mg every 12h) or colistin (2-5 million units
every 8h) are introduced, again guided by the antibiotic
susceptibility profile. Tobramycin was mainly used when
bacterial isolates were resistant to colistin. This inhaled
antibiotic regimen is typically continued for a period of
2-4 months. The nebulized antibiotic is maintained on an
outpatient basis assessing the risk-benefit ratio according to
the criteria established by the treating physician.

Data Collection

Patients were identified through the pharmacy database.
Demographic, clinical, and microbiological data were collected
from electronic medical records and entered anonymously into a
database, specifically created for the study.

Definitions

Respiratory tract infections were defined as outlined by the
multidisciplinary working group of The International
Society for Heart and Lung Transplantation [2]. Donor
lung bacterial isolation was based on the isolation of any
amount of bacteria in a selected and protected bronchial
aspirate performed after opening the bronchial suture just
prior the implantation.

Acute kidney injury (AKI) was defined as a reduction in renal
function within 48 h characterized by an absolute increase in the
serum creatinine level exceeding 0.3 mg/dL or a 50% increase
above the baseline value [20].

Tobramycin was prescribed at the discretion of the treating
physician and administered over 30 min. Treatment was
nebulized via Aeroneb Pro in mechanically ventilated patients
and via vibrating mesh-nebulizer nebulizer in the other patients.
The prescribed dosage was 300 mg/5 mL (TOBI') every 12h and
the treating physician determined the duration of treatment. To

Detectable drug levels (N = 28)

Not detectable drug levels (N = 6) p-value
18 (86) 3 (50) 0.848
60 (52-64) 62 (51-66) 0.421
0.283
11 (39) 2 (39
10 (36) 2 (33)
2(7) 0
1(3.5) 0
13.5) 0
0 1(17)
0 1(17)
1(3.5) 0
1(3.5) 0
1(3.5) 0
0 3 (50) —
28 (100) 3 (50) 0.349

monitor tobramycin serum levels, blood samples were collected
30 min before each dosing to ensure measurement at trough
concentration. We considered high tobramycin serum levels
those concentrations exceeding 2 pg/mL [21, 22].

The primary outcome was the presence of detectable trough
serum levels of tobramycin and high tobramycin levels (>2 pg/
mL). The secondary outcome was to describe the presence of
acute kidney injury in patients with detectable trough serum
levels of tobramycin.

Tobramycin drug levels were measured in serum with
homogeneus particle-enhanced turbidimetric immunoassay
(QMS-ThermoFisher) and laboratory lower limit of detection
was 0.1 pg/mL.

Statistical Analysis

Categorical values were expressed in absolute numbers and
percentages, while quantitative variables were reported as
medians and interquartile ranges (IQRs). Wilcoxon rank sum
test was used to compare quantitative variables and Fisher exact
test to compare categorical variables. Undetectable (<0.1 pg/mL)
drug levels were computed as 0, and in patients with more than
one detectable drug level the higher drug level was selected for
the analysis.

RESULTS

A total of 34 patients, with a median age of 60 years, were enrolled
in the study. Most patients, 31 (91%), underwent a bilateral lung
transplantation. Baseline characteristics are summarized in
Table 1. All patients except one received a tacrolimus-based
immunosuppressive treatment.

Inhaled tobramycin was primarily initiated by bacterial
isolation in donor bronchial aspirate (n = 18),
tracheobronchitis (# = 15), pneumonia (1 = 4) and
bronchial suture infection (n = 1). Four patients presented
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TABLE 2 | Comparison of main variables between patients with detectable tobramycin levels vs. patients with undetectable levels.

Patients Detectable drug levels Not detectable drug levels p-value
N =34 N =28 N=6
Time from transplant until drug levels (days, IQR) 43 (14-180) 5(2-17) 14 (10-5632) 0.011
Time from initiation of inhaled tobramycin (days, IQR) 14 (5-154) 12 (4-106) 789 (93-1893) 0.019
Invasive mechanical ventilation 15/34 (44) 15/28 (53) 0/6 (0) 0.016
Creatinine previous to initiation of inhaled tobramycin (mg/dL, IQR) 0.76 (0.58-0.92) 0.88 (0.77-1.2) 0.109
(0.67-0.96)
Calcineurin inhibitor trough levels previous to initiation of inhaled tobramycin -~ 9.4 (8.1-12.1) 9.8 (8.1-12.8) 8.9 (8-10.1) 0.634
(mg/dL, IQR)
Calcineurin inhibitor first trough levels after initiation of inhaled tobramycin 8.4 (6.4-12.1) 8.2 (7.7-11.1) 12.1 (6.6-13.5) 0.594
Hypoalbuminemia previous to initiation of inhaled tobramycin 23/34 (67) 22/28 (78) 1/6 (17) 0.0921
Hypoalbuminemia at first measure after initiation of inhaled tobramycin 18/34 18/28 0/6 0.260
Data are presented as the number and percentage unless otherwise indicated.
Bold values indicate p < 0.05.
both donor bronchial aspirate bacterial isolation and lower DISCUSSION

respiratory tract infection. The main isolated bacteria were
Staphylococcus aureus (n = 17), Enterobacterales (n = 14) and
Pseudomonas aeruginosa (n = 5). Additional microbiological
data as well as main variables for all patients are provided in
Supplementary Tables S1, S2.

Twenty-nine patients received tobramycin at a dose of
300 mg/12h, and an additional 5 LTR patients were
administered 300 mg/24h (adjusted by the lung transplant
physician in the outpatient setting). No patients received
intravenous tobramycin, other intravenous aminoglycosides,
intravenous colistin, vancomycin or other nephrotoxic agents
concurrently, other than calcineurin inhibitors.

Tobramycin trough levels were determined at least twice in
18 patients (53%). Tobramycin was detected at least once in
28 patients (82%), with a median value of 0.76 pg/mL (IQR
0.38-2.2). Nine patients (26%) presented high tobramycin
levels, with a median value of 3.81 ug/mL (IQR 2.39-6.65). All
patients on IMV (n = 15) had detectable serum tobramycin levels
after a median of 5 days (IQR 4-9) of inhaled treatment.

The median creatinine value before initiating nebulized
tobramycin was 0.78 mg/dL (IQR 0.67-0.96) and two patients
(5%) had a history of previous renal failure.

Inhaled tobramycin treatment was discontinued in 11 patients
(32%) due to either high drug levels or acute kidney injury. Nine
patients developed AKI after a median of 28 days (IQR 4-125) of
nebulized tobramycin, with a median peak creatinine of 1.8 mg/
dL (IQR 1.6-2.1). The median drug level in these patients was
2.8 pg/mL (IQR 1.9-6.3). Three of these patients did not recover
their baseline renal function by 6-month.

Variables among patients with detectable and undetectable
tobramycin levels are compared in Tables 1, 2. Patients with
detectable levels exhibited a shorter time from both
transplantation (12 vs. 789 days, p = 0.019) and antibiotic
initiation until drug levels (5 vs. 14days, p = 0.011).
Additionally, patients with detectable levels were more
frequently subjected to invasive mechanical ventilation (53%
vs. 0, p = 0.016) Moreover, the median trough drug levels
were significantly higher in invasively mechanically ventilated
patients compared to those not ventilated (2.5 pg/mL vs. 0.48 ug/
mL) (p < 0.001).

In our study, 82% of LTR exhibited detectable tobramycin drug
levels, with 26% of patients demonstrating high tobramycin levels
and 26% developing acute kidney injury. Notably, all recently
transplanted patients on mechanical ventilation had detectable
tobramycin levels.

A prior retrospective study, including both amikacin and
tobramycin treatments, reported 39% detectable drug levels in
LTR [18]. In a multivariate analysis from that study, factors
such as cystic fibrosis, lung transplantation, chronic kidney
disease, mechanical ventilation, and use of tobramycin instead
of amikacin were associated with detectable drug levels. In our
study, mechanical ventilation was also associated with higher
trough drug levels in LTR. Additionally, in a recent study
involving non-transplant patients on mechanical ventilation
treated with inhaled tobramycin, 66% of patients had
detectable drug levels [23]. Our study results also suggest
that IMV, could promote the systemic absorption of
tobramycin. Variables such as the time from transplantation
until performing drug levels or the time from initiation of
nebulized tobramycin are likely influenced by invasive
mechanical ventilation. The systemic absorption of inhaled
tobramycin during mechanical ventilation could be attributed
to improved aerosol delivery, changes in pulmonary physiology,
and increased vascular permeability due to lung tissue damage [18,
23]. These two studies [18, 23] did not demonstrate a statistically
significant association between detectable levels of tobramycin and
acute renal failure. However, in one of the studies, the levels were
not analyzed as a continuous variable, and in both cases, the drug
levels were not trough drug levels. Some reported cases of
suspected nephrotoxicity due to inhaled tobramycin systemic
absorption have involved non-mechanically ventilated LTR
[15-17]. In these cases, high trough tobramycin levels were
detected (8.7 mg/mL [16] and 2.7 mg/mL [17]), with recovery
of previous renal function observed after discontinuation of
inhaled tobramycin.

In our study, nine patients (26%) with detectable levels
presented with renal failure. Of interest, six out nine patients
who experienced AKI recovered their baseline renal function,
while three (33%) did not. LTR possess numerous risk factors
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for nephrotoxicity, including immunosuppressive drugs
(mainly calcineurin inhibitors), haemodynamic instability,
exposure to other nephrotoxic drugs, or diabetes mellitus,
among others. Consequently, the etiology of renal failure in
these patients is often multifactorial and challenging to
discern. AKI is highly prevalent after lung transplantation
(39%-62%) and is associated with increased mortality [24].
Given the need of calcineurin inhibitors, minimizing exposure
to other nephrotoxic agents is recommended [8]. Elevated
trough levels of systemic aminoglycosides are correlated with a
heightened risk of nephrotoxicity [7]. Therefore, the potential
for systemic absorption of inhaled tobramycin in lung
transplant recipients should be considered. Vestibular
toxicity has also been reported in some cases [16], with one
suspected case in our cohort that might have gone undetected.

Several limitations characterize our study, including its
retrospective nature, limited sample size, and variability in the
timing of tobramycin level measurements according to daily
clinical practice. Furthermore, different doses of tobramycin
(300 mg every 24h) were administered to some patients.
Nevertheless, our study provides insights into a cohort of lung
transplant recipients undergoing nebulized tobramycin treatment
at various stages of lung transplantation.

In conclusion, our findings suggest that inhaled tobramycin in
LTR, particularly those on invasive mechanical ventilation, may
undergo significant systemic absorption. Monitoring of
tobramycin trough levels seems advisable to mitigate potential
drug absorption.
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