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Objectives 

 

The pharmacokinetic profile of antibiotics at the site of anti-infective
action is one of the most important determinants of drug response, since it correlates
with antimicrobial effect. Up to now, only limited information on the lung tissue
pharmacokinetics of antibiotic agents has been available. The aim of this study was
to measure, using a new microdialysis-based approach, antibiotic penetration into
the extracellular space fluid of pneumonic human lung parenchyma.

 

Patients and methods 

 

The lung penetration of a combination of piperacillin and
tazobactam, substances with low protein binding, was determined in five patients
suffering from pneumonia and metapneumonic pleural empyema. The condition was
treated by decortication after lateral thoracotomy. Intra-, or post-operatively, respec-
tively, two microdialysis probes were inserted into pneumonic lung tissue, and into
healthy skeletal muscle to obtain reference values. Serum and microdialysis samples
were collected at 20-min intervals for at last 8 h following i.v. administration of a
single dose of 4 g piperacillin and 500 mg tazobactam.

 

Results 

 

The mean free interstitial concentration profiles of piperacillin in infected
lung tissue and serum showed a maximal tissue concentration (

 

C

 

max

 

) of
176.0 

 

±

 

 105.0 mg l

 

-

 

1

 

 and 326.0 

 

±

 

 60.6 mg l

 

-

 

1

 

, respectively. The mean AUC (area
under the curve) for infected lung tissue was 288.0 

 

±

 

 167.0 mg.h l

 

-

 

1

 

 and for serum
470.0 

 

±

 

 142.0 mg.h l

 

-

 

1

 

. There was a statistically significant difference between AUC
(lung) and AUC (serum) (

 

P

 

 

 

=

 

 0.018) as well as between AUC (lung) and AUC
(muscle) (

 

P

 

 

 

=

 

 0.043). The intrapulmonary concentrations of piperacillin and tazo-
bactam exceeded the minimum inhibitory concentrations (MIC) for most relevant
bacteria for 4–6 h. The procedure was well tolerated by all patients and no adverse
events or microdialysis-associated side-effects were observed.

 

Conclusion 

 

This microdialysis technique enabled continuous tissue pharmacokinetic
measurement of free, unbound anti-infective agents in the lung tissue of patients
with pneumonia. The present data corroborate the use of piperacillin and tazobactam
in the treatment of lung infections caused by extracellular bacteria and demonstrate
the distribution of piperacillin and tazobactam in the interstitial space of pneumonic
lung tissue.
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Introduction

 

In spite of advances in the development of antibiotics,
infections of the lower respiratory tract (RTI) and their

associated complications, such as metapneumonic empy-
ema, are still a major clinical problem [1]. The choice of
antibiotic treatment is based on the likely susceptibility
pattern of a suspected microorganism and on the phar-
macokinetic properties of the antibiotic itself.

Recent studies indicated that target site drug concen-
trations may be substantially lower than serum concen-
trations in various organs, including the lung [2]. High

 

in vitro

 

 minimum inhibitory concentrations (MIC) against
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bacteria [2] and suboptimal target site concentrations may
cause therapeutic failure and may also trigger bacterial
resistance [3].

A variety of sophisticated methods have been devel-
oped to quantify the penetration of antibiotics into lung
tissue [4–15]. Major disadvantages of these methods are
the inability to (i) discriminate between the free and
microbiologically active drug, and the bound drug,
which is inactive, and (ii) determine drug concentration
in the interstitial space of lung tissue. Microdialysis over-
comes these limitations and allows the determination of
free drug at the site of antibacterial action.

Based on these considerations we studied by 

 

in vivo

 

microdialysis, the pharmacokinetic properties of piper-
acillin and tazobactam (Tazonam

 

“

 

, Wyeth Lederle,
Vienna, Austria) in the interstitial lung tissue in patients
with pneumonia.

 

Methods

 

The local ethics committee (in accordance with the Dec-
laration of Helsinki and the Good Clinical Practice
Guidelines of the European Commission) at the Medical
Faculty of the University of Graz approved the study. All
patients were given a detailed description of the study,
and their written informed consent was obtained.

 

Patients

 

From June 2000 to April 2001, five patients (four males,
one female) were included in the study (mean age
51.3 years, range 35–70 years; mean bodyweight 72.3 kg,
range 55–86 kg; mean body mass index 23; range 18–26).

All patients suffered from sepsis due to pneumonia and
metapneumonic pleural empyema, necessitating decorti-
cation following thoracotomy [16–18].

 

Microdialysis

 

Microdialysis is based on sampling of analytes from the
extracellular space by means of a semipermeable mem-
brane at the tip of a microdialysis probe [19, 20]. Once
the probe, perfused with a perfusion solution at a con-
stant low flow rate, is implanted into the tissue, sub-
stances present in the extracellular fluid at concentration
(

 

C

 

tissue

 

) will be filtered by diffusion out of the extracellular
fluid into the probe, resulting in a concentration (

 

C

 

dialysate

 

)
in the perfusion medium.

By fractionated collection of samples, pharmacokinetic
parameters from specified tissue can be determined. For
most analytes, the equilibrium between extracellular tis-
sue fluid and the perfusion medium will be incomplete,
resulting in 

 

C

 

tissue

 

 being greater than 

 

C

 

dialysate

 

. The factor
interrelating these concentrations is termed recovery,

which was determined using the retrodialysis method [2,
19–21].

 

Drugs

 

The combination of piperacillin and tazobactam
(Tazonam

 

©

 

 4.5 g; Wyeth-Lederle, Vienna, Austria) was
used. Both are low-molecular-weight antibiotics with no
significant protein binding. The combination is well-
established in the treatment of pneumonia [22–25].

 

Experimental design

 

Under steady-state pharmacokinetic conditions for the
drugs, two microdialysis probes were implanted into
pneumonic tissue and one additional probe was inserted
into healthy skeletal muscle at the end of the
operation.

Microdialysis was started about 30 min after the inser-
tion of the probes when patients were on the intensive
care unit. The calibration procedure was followed by a
20-min washout period. Thereafter, piperacillin (4 g) and
tazobactam (500 mg) were administered intravenously
over 20 min.

Sampling of dialysates and venous blood was per-
formed at 20-min intervals for a period of 8 h. Blood
samples were collected in plastic tubes, immediately cen-
trifuged at 1600 

 

g

 

 for 5 min and frozen at 

 

-

 

70

 

∞

 

C until
analysis.

 

Drug analysis

 

Piperacillin and tazobactam were assayed by using a pre-
viously published and validated high-performance liquid
chromatography (HPLC) method with a limit of deter-
mination of 1 mg l

 

-

 

1

 

 [26]. Serum samples were analysed
by diluting 0.2 ml serum with an equal volume of phos-
phate buffer (50 m

 

M

 

 pH 6.0) and precipitating the pro-
teins with 0.8 ml acetonitrile. After centrifugation
(10 min, 15 800 

 

g

 

) the clear supernatant was decanted
and mixed with 2.0 ml dichloromethane. After further
centrifugation (10 min, 3000 

 

g

 

), 100 

 

m

 

l of the upper
aqueous phase were transferred to an autosampler vial
and 20 

 

m

 

l were injected onto the HPLC. Microdialysate
samples were injected directly without preparation. The
chromatographic system consisted of a Wisp 717

 

+

 

autosampler with a refrigerated sample compartment set
to 4

 

∞

 

C, two pumps model 510, a model 2487 absor-
bance detector (set to 220 nm) and a Millenium 3.2
data system (Waters, Milford, MA, USA). A Lichrospher
100 (Merck AG, Darmstadt, Germany; 5 

 

m

 

m particle
size; 125 

 

¥

 

 4 mm) was used as the analytical column. A
linear calibration curve was obtained in the range 1–
500 mg l

 

-

 

1

 

 for piperacillin and 1–100 mg l

 

-

 

1

 

 for tazobac-
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tam. Control samples with 10 mg l

 

-

 

1

 

 and 100 mg l

 

-

 

1

 

 of
both analytes were prepared and assayed together with
the patients’ samples. Between-day variability ranged
from 9% to 15% (

 

n

 

 

 

=

 

 15 for serum and 

 

n

 

 

 

=

 

 24 for
dialysate).

 

Data analysis

 

Pharmacokinetic calculations were performed using the
commercial software Kinetica 3.0 [27] based on a one-
compartment model [28]. Demographic and pharmaco-
kinetic parameters were analysed by descriptive methods
(mean and s.d.). Comparisons were made using Wil-
coxon’s matched pairs signed-rank test.

 

Results

 

The free interstitial concentration–time profiles of
piperacillin and of tazobactam at tissue steady state in
infected lung are shown in Figure 1 and the correspond-
ing pharmacokinetic parameters are summarized in
Table 1.

The AUC (area under the curve)

 

lung tissue/

 

AUC

 

serum

 

 and
the AUC

 

skeletal muscle/

 

AUC

 

serum

 

 ratios revealed excellent pen-
etration of piperacillin into the interstitial space of
infected lung tissue. Statistical comparison of the AUC
values of infected lung tissue (288.0 

 

±

 

 167.0 mg.h l

 

-

 

1

 

)
and skeletal muscle (197.0 

 

±

 

 122.0 mg.h l

 

-

 

1

 

) compared
with serum (470.0 

 

±

 

 142.0 mg.h l

 

-

 

1

 

) showed significant
differences between serum and lung tissue (

 

P

 

 

 

=

 

 0.018)
and between serum and muscle (

 

P

 

 

 

=

 

 0.043). The mean
difference in the AUC of piperacillin between serum and
lung was 158.8 mg.h l

 

-

 

1

 

 with a 95% confidence interval
(CI) of 49.6, 268.2 mg.h l

 

-

 

1

 

, and between serum and
skeletal muscle it was 273.6 mg.h l

 

-

 

1

 

 with a 95% CI of
213.9, 333.2 mg.h l

 

-

 

1

 

.

 

Discussion

 

Microdialysis is a promising 

 

in vivo

 

 technique allowing
the determination of free interstitial space drug concen-
trations in a defined target tissue [29–31]. Accordingly, a
US-FDA advisory committee recently acknowledged that
microdialysis might be a potentially attractive approach
for clinical studies on tissue distribution of antimicrobial
drugs, since it allows the measurement of unbound drug
at the site of infection [32–34].

In the present study microdialysis was successfully per-
formed in a clinical setting for the determination of the
concentration of antibiotics in infected lung tissue. At the
dosage used adequate concentrations of unbound piper-

Table 1 Pharmacokinetic parameters for piperacillin and for tazobactam, after intravenous administration to patients with pneumonia.

Ratio AUC 
AUCinterstitium/AUCserum (mg.h l-1) t1/2 (h) tmax (h) Cmax (mg l-1)

Serum
Piperacillin  470 ± 142 0.943 ± 0.52  –  326 ± 60.6
Tazobactam 36.2 ± 26.0 0.656 ± 0.456  – 30.7 ± 5.88

Lung
Piperacillin 0.63 ± 0.29  288 ± 167 1.47 ± 1.28 0.627 ± 0.501  176 ± 105
Tazobactam 1.93 ± 1.56 45.7 ± 44.8 1.2 ± 1.53 0.575 ± 0.121 20.5 ± 14.5

Muscle
Piperacillin 0.40 ± 0.13  197 ± 122.0 1.30 ± 0.615 0.62 ± 0.323 76.1 ± 22.4
Tazobactam 0.73 ± 0.64 19.6 ± 21.8 0.713 ± 0.557 0.463 ± 0.343 11.4 ± 8.12

AUC, Area under the concentration–time curve; t1/2, elimination half-life; tmax, time to maximum concentration; Cmax, maximum concentration;
mean values ± standard deviation (n = 5).

Figure 1 Concentration vs time profile for piperacillin, at tissue 
steady state, in infected lung tissue, serum and healthy skeletal 
muscle after i.v. administration of 4 g piperacillin over 20 min. The 
minimum inhibitory concentration (MIC) against Pseudomonas 
aeruginosa is 64 mg l-1. �, Piperacillin in serum; �, piperacillin in 
lung; �, tazobactam in serum; �, tazobactam in lung;  , MIC 
against P. aeruginosa.
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acillin in the interstitial space of infected lung tissue were
achieved.

However, concentrations of piperacillin measured by
two probes inserted into each pneumonic lung differed
substantially within an individual patient, suggesting that
the pneumonic lung is not a homogeneous area. More-
over, the movement of antibiotics across the various bar-
riers into the interstitial space fluid is a dynamic process,
which might be additionally influenced by the distance
of the probe from a pulmonary vessel [35]. Though the
AUCs of piperacillin in lung were significantly different
from serum, its tissue concentrations reached the MIC
threshold for many clinically relevant pathogens for a
maximum interval of 4–6 h. However, the MIC value
for the important Pseudomonas aeruginosa was only
sustained for a much shorter period of 2–2.5 h. Since
treatment failure and development of resistant microor-
ganisms may both derive from inadequate tissue concen-
trations of antibiotics, the results from microdialysis
studies can offer useful information for future dosage
modifications.

Tazobactam is a b-lactamase inhibitor which protects
piperacillin from degradation by b-lactamase enzymes.
Concentrations of 0.05–0.5 mg l-1 are required for a
50% inhibition of these enzymes [36]. In the present
study mean maximal concentrations of tazobactam of
20.5 ± 14.5 mg l-1 after 0.57 ± 0.21 h were measured in
the lung.

Tazobactam concentrations in healthy skeletal muscle
of all patients were surprisingly low, because the pecto-
ralis muscle has an abundant blood supply. However,
these findings are in accordance with results from other
microdialysis studies in healthy volunteers. As an expla-
nation, tissue-specific differences in protein binding have
been suggested [37].

In conclusion, microdialysis is a useful method for
measuring interstitial lung tissue concentrations of piper-
acillin and tazobactam in patients with pneumonia and
associated metapneumonic empyema. Although our data
have to be interpreted with caution because of the small
number of patients studied, the results may be useful for
the adjustment of dosage schedules to optimize antibiotic
treatment.

Wyeth-Lederle supported this study. The fruitful discussions with
Mr Erwin Spannraft and the excellent technical assistance of Ing.
I. Trebuch are gratefully acknowledged.
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