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Bronchoscopic Microsampling Method for Measuring
Drug Concentration in Epithelial Lining Fluid

Koichi Yamazaki, Shigeaki Ogura, Akitoshi Ishizaka, Toshinari Oh-hara, and Masaharu Nishimura

First Department of Medicine, Hokkaido University School of Medicine; Department of Respiratory Disease, Sapporo City General Hospital,
Sapporo; Department of Medicine, Tokyo Electric Power Company Hospital, Ibaraki; and Contract Research Department |,
ADME/TOX Research Institute, Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan

Direct measurement of the concentration of antimicrobial agents
in bronchial epithelial lining fluid (ELF) would allow for a more
informed approach to appropriate dosing of antimicrobial agents
for respiratory tract infections. In this study, we determined the
time versus concentration profile in ELF after an oral administration
of levofloxacin, using recently developed bronchoscopic microsam-
pling probes. These probes could be repeatedly and safely inserted
through the fiberoptic bronchoscope in normal healthy volunteers.
The concentration of levofloxacin in ELF was 43.4% of the corre-
sponding serum value at 1 hour, reached the same level at 2 hours,
decreased in a similar manner as that in serum, and returned to
undetectable levels at 24 hours. It exceeded minimal inhibitory con-
centrations of Staphylococcus aureus (0.25 pg/ml), Klebsiella species
(0.5 pg/ml), and Haemophilus influenzae (0.06 pg/ml) after 6 hours.
The experimental procedure was well tolerated, and no complications
were observed. In conclusion, bronchoscopic microsampling is a feasi-
ble and promising method for measuring antimicrobial concentra-
tions in the target sites of respiratory tracts directly and repeatedly.

Keywords: bronchoscopy; antimicrobial agents; respiratory tract infec-
tion; time versus concentration profile; levofloxacin

Community-acquired bacterial pneumonia and ventilator-
associated pneumonia in critically ill patients remain frequent
causes of death worldwide (1-3). Although the introduction of
recently developed antimicrobial agents has substantially im-
proved the outcome of respiratory tract infections (4), the num-
ber of cases in which antimicrobial therapy fails to be effective
remains high. Some therapeutic failures are attributed to drug-
resistant pathogens (5, 6). Therapeutic failures may also be re-
lated to an inability of antibiotics to penetrate target sites such
as bronchoalveolar spaces sufficiently (7, 8). Thus, direct mea-
surement of antimicrobial concentrations in bronchoalveolar
space fluid may lead to a critical reappraisal of current antimicro-
bial dosing guidelines (9). To date, drug concentrations at the
site of infection in the respiratory tracts of humans have been
estimated by assaying whole-lung tissue, collecting sputum or
sampling bronchoalveolar lavage (BAL) fluid (10-14). However,
at least two methodologic problems hamper a correct interpreta-
tion of data derived from these techniques: (/) the concentration
in the collected samples might not necessarily reflect the concen-
tration at the anatomic target site, and (2) it would be impossible
to obtain samples easily and repeatedly from the same subject.
Herkner and colleagues recently introduced flexible microdia-
lysis catheters, which were implanted during lung surgery for
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pulmonary tumors, to measure the time versus antimicrobial
concentration profile in the lung interstitial fluid (15). Although
this method allowed for repeated measurements of drug concen-
trations in lung tissue of patients in vivo, the invasive nature of
the procedure would clearly limit clinical use.

We have thus developed a novel approach for measuring
drug levels in human bronchial epithelial lining fluid (ELF), a
relevant target site for most bacterial infections in vivo. Using
bronchoscopy with bronchoscopic microsampling (BMS) probes,
we can repeatedly obtain ELF at the target site. To prove the
validity of this approach, we determined the time versus concen-
tration profile of a model antibiotic, levofloxacin. The new quino-
lone was used for this study because the pharmacokinetic proper-
ties in serum are well characterized and it is a standard drug for
the treatment of respiratory tract infections (16-18).

METHODS

Subjects

The study was approved by the institutional ethics committee of Hok-
kaido University School of Medicine. We recruited 10 healthy men
(24-25 years old) with weight ranging from 64 to 82 kg and height
ranging from 168 to 178 cm and with no recent lung infections. All
subjects were provided with detailed descriptions of the study, and
written informed consent was obtained.

BMS and BAL under Bronchoscopy

We have previously described the development of a BMS probe (19).
In this study, we used a BMS probe (model BC-402C; Olympus, Tokyo,
Japan) that comprised a 2.5-mm outer diameter polyethylene sheath
and an inner 1.9-mm polyester fiber rod probe attached to a stainless
steel guide wire (Figure 1). This probe immediately adsorbs fluid. In
vitro experiments confirmed that adsorption of 1 pg/ml of levofloxacin
or 2-20 ml of human serum into the cotton probe allowed for a more
than 95% recovery of biochemical compounds. After each subject was
intramuscularly administered with 7.5 mg of pentazocine hydrochloride
and local anesthesia of the upper respiratory tracts was achieved with
a few milliliters of 2-4% lidocaine, a flexible fiberoptic bronchoscope
(model BF-1T30; Olympus) was inserted into the right lower lobe bron-
chus. After a channel of the bronchoscope was flushed with air, the
BMS probe was inserted through the channel into a segmental bronchus
of the right lower lobe bronchus. Then the inner probe was advanced
slowly into the distal airway, and sampling of ELF was performed by
placing the probe gently at a site of targeted bronchial wall for 10
seconds. The inner probe was withdrawn into the outer tube, and both
devices were withdrawn simultaneously. The wet inner probe was sec-
tioned 2 cm from its tip. Three sectioned probes at one time point from
each subject were placed in a preweighed tube and weighed. A dilute
solution was prepared by adding 2 ml of saline to the tube and vortexing
it for 1 minute. The solution was transferred to a new tube and stored
at —20°C. The probe was then dried and weighed again to measure
the ELF volume recovered. Five subjects orally received 100 mg of
levofloxacin (Daiichi Pharmaceutical Co., Tokyo,Japan), and bronchos-
copy with BMS probe and venipuncture was performed at 1, 2, 3, 6
and 24 hours after levofloxacin administration to determine the time
versus concentration profiles of levofloxacin in the ELF and in the
serum. To compare data between BMS and BAL, another group of
five subjects underwent BMS and BAL procedures simultaneously at
2 hours after levofloxacin administration.
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Figure 1. (A) BMS probe (model BC-
402C; Olympus). (B) A BMS probe
comprised a 2.5-mm outer diameter
polyethylene sheath and a 1.9-mm in-
ner polyester fiber rod probe attached
to a stainless steel guide wire.

Measurement of Levofloxacin and Urea Concentrations

in Serum and in ELF

Levofloxacin concentrations in serum were measured by high-perfor-
mance liquid chromatography. Levofloxacin concentrations in dilute
solutions of ELF were determined by liquid chromatography tandem
mass spectrometry. The concentrations of urea in serum and BAL fluid
were determined with a commercially available assay kit (Urea Nitrogen
Diagnostic Kit, No. 535-A; Sigma-Aldrich Japan, Tokyo, Japan).

Calculations of Levofloxacin Concentration in ELF

As the ELF sampled by BMS probes was diluted by 2 ml of saline as
described previously here, the concentration of levofloxacin in ELF
(ABXGgr) was determined as follows:

ABXgr = ABXgys X (2 + ELF volume)/ELF volume

where ABXgys 1S the measured concentration of levofloxacin in the
saline-diluted sample.

The calculation of ELF volume and levofloxacin concentrations in
ELF sampled by BAL was performed, as previously reported (13, 14, 20).

Statistical Analysis

Data were processed with Microsoft Excel and WIN-NONLIN soft-
ware, and the results are presented as means and SEM (SD).

RESULTS

There were no adverse events or clinical complications observed
while using this procedure. Serum lidocaine concentrations never
reached toxic levels (3 wg/ml) (21, 22). The mean ELF volume =+
SD recovered by the BMS probe was 23.3 = 24.1 pl at one point
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from three sectioned probes. As samples were diluted by 2 ml of
saline, the average dilution factor = SD was 134 = 70. We success-
fully measured the concentration of drug in all of the samples
obtained for 6 hours after the subjects were given levofloxacin.
Levofloxacin concentrations in ELF at 2 hours after levofloxacin
administration are shown in Table 1, where both measured and
corrected data are presented (Table 1). Figure 2 shows that the
mean concentration of levofloxacin in serum rose rapidly over
1 hour and then slowly fell. The mean concentration of levoflox-
acin in ELF rose at a slightly slower rate than that in serum,
peaked at 2 hours, and then decreased in a similar manner as that
in serum. As a consequence, the concentration of levofloxacin in
ELF was 43.4% of the corresponding serum value at 1 hour,
reached the same level at 2 hours, and was undetectable at 24
hours. Key pharmacokinetic characteristics are shown in Table
2. In ELF, the area under the concentration curve was approxi-
mately 83% of that in serum, and the maximum drug concentra-
tion was approximately 87% of that in serum. The time taken
to achieve the maximum drug concentration in ELF was twice
of the serum.

When the levofloxacin level in ELF was compared with the
minimum inhibitory concentration 90 for the potential respira-
tory pathogens isolated in 1998 in Japan, it exceeded the mini-
mum inhibitory concentration 90 for Staphylococcus aureus (0.25
wng/ml), Klebsiella species (0.5 pg/ml), and Haemophilus influen-
zae (0.06 pg/ml) for 6 hours. However, the level of levofloxacin
never exceeded the minimum inhibitory concentration 90 for
Streptococcus pneumoniae (2 pg/ml) or the minimum inhibitory
concentration 90 for Pseudomonas aeruginosa (16 pg/ml) (23).

Finally, we compared the levofloxacin concentrations in ELF
calculated using the BMS method with those calculated from
BAL fluids at 2 hours after levofloxacin administration. Lev-
ofloxacin concentrations in ELF calculated from BAL fluids
were approximately twice as high as those calculated using the
BMS method (1.41 = 0.32 vs. 0.71 = 0.20 pg/ml, respectively,
n = 5 for each).

DISCUSSION

With a few notable exceptions such as anticoagulant drugs, most
drugs do not exert their effects within the serum compartment
but exert their effects in defined target tissues into which drugs
have to distribute from the central compartment. However, drug
concentrations in defined target tissues are not usually examined
by regulatory agencies during drug development.

In this study, we used BMS probes under bronchoscopy to
determine the time versus antimicrobial concentration profile in
ELF at the target site of respiratory infection. At one time point,

TABLE 1. AN EXAMPLE OF CALCULATION OF LEVOFLOXACIN CONCENTRATION IN EPITHELIAL
LINING FLUID USING BRONCHOSCOPIC MICROSAMPLING METHOD (2 HOURS AFTER

LEVOFLOXACIN ADMINISTRATION)

Levofloxacin Concentration (ng/ml)

Case ELF Volume (/)* Dilution Factor® Measured Concentration* Corrected Concentration®
1 13.6 147 9.50 1398
2 7.1 282 5.52 1554
3 12.2 170 4.98 817
4 20.3 99 5.16 509
5 26.6 75 5.81 437

Definition of abbreviations: BMS = bronchoscopic microsampling; ELF = epithelial lining fluid.

* The ELF volume recovered by three sectioned BMS probes at one time point (2 hours after levofloxacin administration).

A diluted solution was prepared by adding 2 ml of saline to the tube.

* The concentration of levofloxacin in the saline diluted ELF was determined by liquid chromatography/tandem mass spectrometry.
¢ The concentration of levofloxacin in each ELF was corrected by each dilution factor.
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Figure 2. The mean concentra-
tion versus time profiles in serum
(open circles) and in epithelial
lining fluid (closed circles) of lev-
ofloxacin after a single oral dose
administration of 100 mg of
levofloxacin to normal healthy
volunteers (n = 5; data are pre-
sented as means = SEM).
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only a few minutes were required to obtain ELF using the flexible
bronchoscope with BMS probes. Local anesthesia of the upper
respiratory tracts with a few milliliters of lidocaine alone was
sufficient for each bronchoscopic procedure, and bronchoscopy
with BMS probes could be repeated without any complications
every hour for the first 3 hours. Moreover, we were able to
obtain sufficient amounts of ELF to measure levofloxacin con-
centrations by introducing three sectioned BMS probes into the
tube at one time. Although the concentration in the saline diluted
ELF samples could not be measured by high-performance liquid
chromatography, in contrast to that in the serum samples, liquid
chromatography tandem mass spectrometry facilitated measure-
ment of lower levofloxacin concentrations in the saline diluted
ELF samples.

The levofloxacin concentration in ELF was 43.4% of the
corresponding serum value at 1 hour, matched the serum level
at 2 hours, decreased similarly to that in serum, and became
undetectable at 24 hours. It is of note that levofloxacin concentra-
tions in ELF never exceeded those in serum at any time point
examined. These findings do not agree with previous studies
using BAL, in which the concentrations of the levofloxacin in
BAL fluid were approximately twice as high as those of plasma
for atleast 12 hours (13, 14). Although BAL has been considered
to be only way of obtaining ELF from humans, this method
includes a substantial methodologic problem (24). Accurate
quantification of ELF volume recovered by BAL is impractical.
Urea has been used as an endogenous marker of ELF because
urea is a small, relatively nonpolar molecule that travels across
membranes freely and has been thought to exist at the same
concentration in ELF as it does in the blood (13, 14). However,
it has also been shown that during prolonged BAL exposure,
urea diffuses from the interstinum and blood and therefore
falsely elevates the urea concentration in BAL fluid (25). There-
fore, the BMS method, which does not include urea concentra-
tion, is thought to be a more reliable method for measuring drug
concentrations in ELF. Indeed, our data for comparison between
BMS and BAL demonstrate that drug concentrations deter-
mined using the two methods are significantly different. How-
ever, such differences may not be explained exclusively by

TABLE 2. KEY PHARMACOKINETIC PARAMETERS OF
LEVOFLOXACIN IN SERUM AND EPITHELIAL LINING FLUID

Serum Epithelial Lining Fluid
AUC (p.g - (hr/ml) 4.34 = 0.51 3.62 = 1.60
Cmax (pg/ml) 1.27 = 0.24 1.11 = 0.34
Tmax (hr) 1.0+0 2.0 =*0.7

Definition of abbreviations: AUC = area under the concentration curve from 0
to 240 minutes; Cmax = maximum drug concentration; Tmax = time to maxi-
mum drug concentration.

Data are presented as means = SD.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 168 2003

method-oriented error. BAL mainly samples ELF of the alveolar
space, whereas BMS samples ELF of the bronchial space.

In conclusion, BMS using bronchoscopy is a feasible and prom-
ising method for measuring antimicrobial concentrations in the
respiratory tracts directly and repeatedly. Further investigations
into other antimicrobial concentrations in ELF, in various clinical
settings, using the BMS method may lead to a critical reappraisal
of current antimicrobial dosing guidelines. The data obtained in
this study also support the use of levofloxacin for treatment of
respiratory tract infections with most bacterial species.
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