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Abstract Objective: To evaluate the
reliability of mini-bronchoalveolar
lavage (mini-BAL) for the measure-
ment of tobramycin concentrations
in epithelial lining fluid (ELF)
in comparison with conventional
bronchoscopic bronchoalveolar
lavage (BAL). Design: Prospective,
open-label study. Setting: An
intensive care unit and research ward
in a university hospital. Patients:
Twelve critically ill adult patients
with ventilator-associated pneumonia
(VAP). Interventions: All subjects
received intravenous infusions of
tobramycin 7–10 mg/kg once daily.
After 2 days of therapy, the steady-
state serum and ELF concentrations
(obtained from BAL and mini-BAL)
of tobramycin were determined by
means of high-performance liquid
chromatography. Measurements
and results: We observed poor
penetration of tobramycin in ELF of

≈ 12% with ELF peak concentrations
of ≈ 3 mg/l with both methods. Good
agreement in Bland–Altman analysis
(mean ± SD bias = 0.04 ± 0.38 mg/l)
was observed between the two
methods of sampling. Conclusion:
Our results suggest that tobramycin
7–10 mg/kg once daily in critically
ill patients with VAP might provide
insufficient lung concentrations in
the case of difficult-to-treat
pathogens. Besides, mini-BAL,
which is simple, non-invasive and
easily repeatable at the bedside,
appears to be a reliable method
for the measurement of antibiotic
concentrations in ELF in comparison
with bronchoscopic BAL in critically
ill patients with VAP.

Keywords Tobramycin · Lung dif-
fusion · Epithelial lining fluid ·
Ventilator-associated pneumonia ·
Bronchoalveolar lavage

Introduction

Although considerable knowledge has been recently gath-
ered to improve the management of respiratory tract in-
fections, ventilator-associated pneumonia (VAP) remains
a frequent cause of death in critically ill patients [1, 2].
Some therapeutic failures may be related to drug-resistant
pathogens but also to the inability of antibiotic agents to
achieve adequate tissue concentrations at the site of infec-
tion [3, 4].

Tobramycin, usually in association with an antipseu-
domonal β-lactam, has been recently proposed in the
American Thoracic Society Guidelines (ATS) as initial

empiric therapy in patients with late-onset VAP or risk
factors for multidrug-resistant pathogens [1].

The penetration of tobramycin in epithelial lining
fluid (ELF), advocated as a reliable marker of extracel-
lular concentrations [3, 4], has been studied in patients
with pneumonia or in intensive care patients undergo-
ing fiberoptic bronchoscopy for diagnostic purposes;
however, no data are available concerning critically
ill patients with VAP [5–7]. Moreover, many previous
studies have reported the use of small-volume non-
bronchoscopic bronchoalveolar lavage (“mini-BAL”) for
measuring ELF antibiotic concentrations in critically ill
patients with VAP, but the reliability of this method in
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comparison with conventional bronchoscopic BAL is
unknown [8–12].

We thus conducted a study: (1) to determine the ELF
concentrations of tobramycin obtained after BAL and
mini-BAL sampling in critically ill patients with VAP; and
(2) to determine the reliability of the mini-BAL method in
comparison with the conventional BAL method.

Materials and methods
This was a prospective, open-label, single-center study
approved by the local ethics committee. Prior to inclusion
in the study, all patients or their closest relative provided
written informed consent. Critically ill adult patients on
mechanical ventilation were considered for inclusion
when suspected of having late-onset VAP, i.e. clinical fea-
tures of pneumonia with duration of ventilation of 5 days
or more and/or antimicrobial therapy in the preceding 90
days [1, 2]. Patients were excluded from the study if they
were allergic to tobramycin or exhibited renal dysfunction
defined by a calculated creatinine clearance (using the
urine of 24 h) of < 40 ml/min.

Before initiation of therapy, specimens for microbio-
logic diagnosis were obtained from all patients using
a plugged telescoping catheter (Combicath®, Plastimed,
St-Leu-La-Forêt, France), as previously described [13].
Tobramycin was administered as empirical therapy in
association with an antipseudomonal β-lactam and van-
comycin, as recommended in the ATS guidelines [1, 2].
Tobramycin was discontinued after 5 days of therapy and
the total duration of antimicrobial therapy was 8–10 days,
or 15 days in the case of VAP caused by non-fermentative
Gram-negative bacilli [14].

All subjects received 30-min intravenous infusions
of tobramycin 7 mg/kg once daily, as recommended,
and the dose was adjusted (7–10 mg/kg) to obtain serum
peak levels of 20–30 mg/l [1]. All samples for tobramycin
concentration determinations were obtained at steady-state
after 2 days of therapy. Blood samples were collected
30 min after the end of infusion and immediately cen-
trifuged at 3,000 rpm for 5 min. The serum was removed
and stored at –80 °C until analyzed. Simultaneously
with blood sampling, all patients underwent standard-
ized fibroscopic BAL sampling by infusing three 50-ml
aliquots of sterile 0.9% saline solution [2]. The time
elapsed between the beginning of BAL and the total
recovery of the three aliquots did not exceed 2 min for
each, to minimize free diffusion of urea through the
alveolar epithelium, which may lead to falsely elevated
concentrations of urea in the BAL fluid [3, 4]. Immediately
after, each patient underwent mini-BAL procedure with
40 ml of sterile 0.9% normal saline solution, as previ-
ously described [8–12]. Both BAL and mini-BAL samples

were immediately centrifuged at 3,000 rpm for 5 min and
a single aliquot of supernatant was separated and frozen
for the urea assay. The remaining volume was frozen at
–80 °C until the assays were performed. All samples were
assayed within 6 months from the time of their collec-
tion.

Concentrations of free tobramycin in serum and
ELF were measured simultaneously after ultrafiltration
through Microcon® filters (Millipore, France) by a liquid
chromatography–mass spectrometry method [15]. The
ultrafiltrate mean recoveries of tobramycin from quality
control samples were 99% for serum and 98.5% for
BAL. Detection was performed with a simple quad mass
spectrometer equipped with an electrospray interface
operated in positive mode. The assay was linear in the
concentration range 0.05–50 µg/ml. The limit of quantifi-
cation was 0.05 µg/ml and the assay precision was < 15%
within and between batches.

As previously described, the concentration of free to-
bramycin in ELF (TBRELF) was determined as follows,
using urea as an endogenous marker [16, 17]:

TBRELF = TBRBAL × ureaSER/ureaBAL

where TBRBAL is the measured concentration of free to-
bramycin in BAL or mini-BAL fluid, ureaSER is the con-
centration of urea in serum, and ureaBAL is the concentra-
tion of urea in BAL or mini-BAL fluid.

Bland–Altman analysis was performed with MedCalc®

8.2 software (Medisoftware, Mariakerke, Belgium) to
evaluate the agreement between the two methods of ELF
sampling [18].

Results
Twelve critically ill adult subjects with late-onset VAP
completed the study (Table 1). Tobramycin administration,
BAL and mini-BAL procedures were well tolerated and
no adverse effects were observed. The mean ± SD steady-
state peak serum and ELF tobramycin concentrations
appear in Table 1. Bland–Altman analysis showed good
agreement (mean ± SD bias = 0.04 ± 0.38 mg/l, with 95%
confidence interval –0.2 to 0.3 mg/l) between the two
methods (Fig. 1) [18]. Of the 12 patients undergoing
tobramycin sampling, 8 had one organism recovered using
the plugged telescoping catheter technique, all but one
(Streptococcus pneumoniae) susceptible to tobramycin
(2 P. aeruginosa, 2 oxacillin-resistant S. aureus, 3 Enter-
obacteriaceae and 1 S. pneumoniae). All patients but two
(83%) had favorable outcome at the end of therapy. Two
patients died from multiple-organ failure at days 3 and
5, respectively, with VAP caused by S. pneumoniae and
P. aeruginosa.
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Fig. 1 Bland–Altman difference against mean plot of concentrations
of free tobramycin in ELF obtained from BAL and mini-BAL

Discussion

This is the first study to report ELF concentrations of free
tobramycin in critically ill patients with VAP. Our results
show a penetration of tobramycin in ELF of ≈ 12% with
peak ELF concentrations of ≈ 3 mg/l. This percentage
penetration is less than that reported in previous stud-
ies, where ELF/serum tobramycin concentration ratios
of > 30% were observed [5–7]. However, these studies
did not determine free tobramycin concentrations and
were not performed in critically ill patients with VAP,
which often presents pathophysiological conditions that
may alter the pharmacokinetics of antimicrobial agents,
explaining these differences.

As previously reported in patients with pneumonia,
the peak ELF concentrations in the current study were
lower than the susceptibility breakpoint (4 mg/l) for
tobramycin [6]. Moreover, many experimental and clinical
studies have shown that efficacy during the treatment of
pneumonia with aminoglycosides was correlated with
the ratio of peak concentration to minimum inhibitory
concentration (Cmax/MIC), which should ideally exceed
10, and that one of the causes of treatment failure in
VAP is incorrect antibiotic dosage [3, 4, 19]. Therefore,
it appears that in critically ill patients with VAP, the use
of tobramycin 7–10 mg/kg might provide insufficient
ELF concentrations to optimize antimicrobial therapy
with this agent. This suggests that in the case of VAP
caused by difficult-to-treat pathogens with high MICs
for tobramycin, higher doses should be administered
in critically ill patients, with another agent used in
combination.

The second aim of our study was to determine the
reliability of the mini-BAL method in comparison with
the conventional BAL method for the measurement of
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antibiotic concentrations in ELF. We found satisfactory
results, with good agreement between the two methods of
sampling. The mean difference between BAL and mini-
BAL was 0.04 mg/l, with 95% confidence interval –0.2 to
0.3 mg/l; thus, mini-BAL tends to give lower values than
conventional BAL, by between –0.2 and 0.3 mg/l. Despite
this, the limits of agreement (–0.70 and 0.79 mg/l) are
small enough for us to be confident that the mini-BAL
method can be used in place of conventional BAL for the
dosage of antibiotics in ELF. This is of importance since
mini-BAL is simple, non-invasive and easily repeatable at
the bedside, which might be advantageous in comparison
with conventional bronchoscopic BAL.

Our study, however, presents some limitations. First,
the mini-BAL procedure was always conducted after
the BAL procedure; therefore, the slightly lower ratios
obtained with the mini-BAL procedure may be the result
of an experimental bias. Moreover, it has been shown

that tobramycin distribution into lung is quite slow (from
30% at 30 min up to 153% at 8 h); therefore, the ≈ 12%
penetration ratio observed in our study at one time point
might have been higher at later times [6].

Conclusion

We have shown (1) that tobramycin exhibits ≈ 12% pul-
monary diffusion at 30 min in critically ill patients in VAP,
with ELF peak concentrations less than the susceptibil-
ity breakpoint, suggesting that a dose of 7–10 mg/kg daily
might be insufficient for difficult-to-treat-pathogens; and
(2) that mini-BAL is a reliable method of sampling for the
measurement of antibiotics in ELF. Further studies evalu-
ating the impact on outcome of higher doses of tobramycin
are required to optimize the use of this antimicrobial agent
in critically ill patients with VAP.
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