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ABSTRACT: This paper reviews current knowledge on the relationship 
between local penetration or antibiotics and therapeutic efficacy in 
pulmonary and bronchial infections. The antimicrobial drug concentration 
at the site of Infection is supposedly determinative for the efficacy of the 
antibiotic treatment but the number of studies In respiratory infections 
supporting this hypothesis is Umlted. The mechanisms responsible for the 
pulmonary deposition or orally or systemically administered antibiotics 
include passive diffusion, active transport, bulk flow and permeation. The 
penetration of antimicrobial drugs Into the respiratory tract is Influenced 
by both host-related factors, such as lnfiammatlon or mechanical Injury, 
and drug-related factors, such as molecular weight. In addition, local 
blo-inactlvatlon can occur. The final bloactlve antibiotic concentration at 
the site of the respiratory Infection is, therefore, the result or a very complex 
dynamic process. Different sampling and measuring methods have been 
used for the assessment of antibiotic concentrations at the site of 
respiratory Infections. Concentrations in sputum, bronchial secretions and 
biopsy specimens have been correlated with serum concentrations and 
clinical outcome. Bronchoalveolar lavage could be a promising technique 
for evaluating antibiotic drug concentrations In alveolar Uning fluid. For 
many antibiotics, data concerning penetration and pharmacoklnetlc 
behaviour In the respiratory tract are lacking. 
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The aim of this paper is to review the current 
knowledge about the assessment and clinical relevance 
of the local concentration of antimicrobial drugs at the 
site of infection in the treatment of bronchopulmonary 
infections. The clinical importance of the concentration 
of antibacterial agents at the foci of infection, the 
pharmacokinetic behaviour of antibiotics in the 
respiratory tract, the specimen collections and methods 
of measurement of antibiotic concentration and the degree 
of penetration of several antibiotics will be discussed. 

Infections of the lower respiratory tract are common 
problems in clinical practice and are a major medical 
problem throughout the world. Lower respiratory tract 
infections remain an important cause of morbidity, 
mortality and economic loss all over the world. The 
ultimate clinical outcome of a bacterial bronchopulmon
ary infection is a function of two main variables: the 
efficacy of the natural defence mechanisms and the 
institution of an appropriate antimicrobial therapy. 

Both pharmacodynamic and pharmacokinetic factors 
determine the efficacy of antimicrobial therapy. The 
pharmacodynamic determinants of an effective 
antimicrobial therapy include: 
1. Intrinsic antimicrobial activity of the drug against the 
infecting respiratory pathogen. 
2. Bactericidal activity of the drug. 

3. Stability of drug activity in the presence of common 
bacterial resistance mechanisms. 
4. Absence of major organ toxicity. 

Pharmacokinetic studies of antimicrobial therapy 
relate the administration of the drug to the 
concentration-time profile within body fluids and include 
its absorption, distribution, metabolism and excretion 
properties. Pharmatokinetic properties of antimicrobial 
drugs determine the dosage, the dosing frequency and 
the concentration of the antibiotic at the site of infection. 

Importance of local antimicrobial drug 
concentration 

The rational goal of an effective antimicrobial drug 
therapy is to produce, at the site of the infection, 
a concentration-time profile such that free drug concen
trations equal or exceed the minimal inhibitory 
concentrations (MIC) for the infecting pathogen, as 
determined in vitro. The measurement of the antibiotic 
concentration in body fluids and tissue samples makes 
it possible to determine whether the drug concentration 
at the site of infection is high enough when compared 
with the MIC value and, thus, to predict the therapeutic 
effect. 
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Time profile 

Data from animal models and human studies have 
shown that the clinical outcome of Gram-negative 
bacteraemia in granulocytopenic subjects and nosocomial 
pneumonia treated with betalactam antibiotics is signifi
cantly better when the serum drug levels of these classes 
of antibiotics remains above the MIC of the infecting 
pathogen for the whole dosing interval rather than for 
only a fraction of the dosing interval. This would favour 
administration of betalactam antibiotics by constant 
infusion or by frequent intermittent administration [1-3]. 

Aminoglycosides differ markedly from betalactams in 
that their killing rate of bacilli is more rapid and that 
they tend to induce a prolonged post-antibiotic 
effect [1, 4, 5] . Therefore, it is less important for 
aminoglycosides to maintain serum concentrations above 
the MIC during the whole dosing interval. Indeed, 
the best predictors of a favourable cHnical outcome 
after treatment with aminoglycosides are high peak 
concentrations achieved in serum and high peak
serum-concentration to MIC-ratio [1, 6, 7]. Hence, amin
oglycosides need not be given in a frequent dosing 
schedule or as a constant infusion to keep serum levels 
always above the MIC, as is the case with betalactams. 
Twice daily or even once a day administration of 
aminoglycosides provides an adequate pharmacokinetic 
profile, diminishing toxicity and the need for therapeutic 
monitoring. 

Local concentration 

The bronchial mucosa and bronchial wall are the sites 
of acute bacterial infection in patients with an infectious 
exacerbation of chronic obstructive lung disease (COPD), 
bronchiectasis and cystic fibrosis . In patients with 
bacterial pneumonia, the site of infection is in the 
alveolar spaces with its alveolar lining fluid and in the 
interstitium of the lung [8]. It seems, therefore, logical to 
hypothesize that the efficacy of antibiotic treatment of 
lower respiratory tract infections will greatly depend upon 
the level of antimicrobial drug at these sites. A positive 
correlation between clinical outcome of a bacterial lower 
respiratory tract infection and the local concentration of 
an antibiotic in relation to its MIC has been shown in 
only a few studies. STEWART et al. [9) showed that a 
clinical response to treatment with amoxycillin in 
patients with lower respiratory tract disease occurred more 
rapidly in patients with sputum levels of ~.25 j..lg-ml-1• 

MAY and DELVES [10), I.NGOl.D (11) and MAESEN and eo
workers [12, 13) also demonstrated that a satisfactory 
clinical response to treatment of infectious exacerbations 
of COPD with either ampicillin or bacampicillin corre
lated with the presence of sputum levels in excess of the 
MIC of the isolated sputum pathogen. 

KLAsTERSKY and eo-workers [14, 15], in patients with 
Gram-negative bronchopneumonia, showed that endotra
cheally administered aminoglycosides resulted in higher 
levels of this drug in bronchial secretions. These high 
levels correlated with a statistically significant 

improvement in clinical outcome and a lower mortality. 
These studies suggest that the level of antimicrobial drug 
in sputum and bronchial secretions is of clinical impor
tance; poor clinical response being correlated with levels 
lower than the MIC of the specific pathogen [12-15]. 
We are not aware of any prospective studies, correlating 
the concentration of antimicrobial drugs at the site of 
infection to the clinical outcome of parenchyma! lung 
infection. 

Factors influencing the pharmacokinetics of 
antibodies in the lung 

Following systemic administration, the antimicrobial 
drug has to penetrate into the site of infection. For 
endobronchial infections (cystic fibrosis, bronchiectasis, 
infectious exacerbation of COPD) the circulating 
antibiotic must cross the blood-bronchus barrier. In 
parenchymal consolidation the antibiotic has to cross the 
alveolar-capillary membrane to reach the alveolar lining 
fluid and interstitium. The mechanisms of drug transport 
across these biological barriers may vary [16-20]. Most 
tissues, including the bronchial wall and lung parenchyma, 
contain capillary beds with pores large enough to admit 
the passage of substances of a molecular weight of up to 
1000. The alveolar-capillary membrane can be regarded 
as a double layer porous capillary (fig. 1). 
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Fig. l. - Mechanisms of transport through a porous membrane. 

Passive diffusion along a concentration gradient seems 
to be the most important mode of transport from the vas
cular space into tissue fluids [16, 18, 21]. The rate of 
concentration changes during the process of passive 
diffusion is highly dependent upon the surface area. Given 
the enormous surface of the alveolar-capillary membrane 
in contrast to the blood-bronchus barrier, one could 
assume that antibiotic concentrations in interstitium and 
alveolar lining fluid are closely approximating concen
trations in serum. These local concentrations should 
parallel closely the fluctuating concentration in serum, 
higher serum levels being accompanied by higher local 
concentrations [16, 18]. 
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Only for a few antibiotics is there evidence to support 
the presence of energy consuming, active transport of 
drugs across the pulmonary vascular membranes 
analogous to the transport across the blood-brain barrier 
[16, 22]. 

Bulk flow is a mechanism whereby the drug is ultrafil
trated along a pressure gradient through capillary pores. 
This mode of transport contributes significantly to the 
transport of large, lipid soluble molecules. For relatively 
small molecules like antibiotics, however, bulk flow plays 
only a minor role [18]. 

Permeation, a passive transport through the cells of the 
capillary membranes, is an important method of drug 
transport across nonporous membranes, such as the blood
brain barrier, but only to a lesser extent across porous 
capillary membranes such as the pulmonary capillary bed 
[18]. 

Host-related and drug-related factors may influence the 
penetration of antimicrobial drugs across the blood
bronchus barrier and alveolar capillary membrane. The 
most important host-related factor is the integrity of 
the anatomic barriers which may be damaged by inflam
mation or mechanical injury. Inflammation causes 
vasodilation and increased capillary permeability, enhanc
ing tissue penetration of antibiotics [16, 22, 23]. For 
betalactam antibiotics clindamycin, oleandomycin and 
erythromycin, a clear relationship between the degree 
of inflammation and the degree of penetration in the 
airways has been shown, with a decrease of, penetration 
when the inflammation subsides [9, 10, 12, 21-27, 30] 
When, during treatment, the inflammation diminishes, 
the penetration of these antibiotics will decrease and the 
local drug concentration can drop below the bactericidal 
concentration, increasing the likelihood of relapse 
[10, 11]. 

A relationship between the degree of inflammation and 
the local antimicrobial drug concentrations has not been 
shown for tetracyclines [21, 28, 29] . The studies 
concerning aminoglycosides are controversial. For 
gentamicin, no relationship has been found [17, 31]. With 
tobramycin and amikacin a correlation between the local 
level of drug and the protein content of bronchial 
secretions was shown. Mechanical injury to the barriers 
caused by fibreoptic bronchoscopy, excessive coughing 
etc. can cause leakage of blood with an increasing amount 
of antibiotics penetrating into the site of infection [16]. 

The penetration of antibiotics into pulmonary tissue 
and bronchial secretions also depends on different drug
related characteristics [16, 22]. Antibiotics of a larger 
molecular weight seem to penetrate more easily than 
smaller antibiotics, probably because the smaller ones 
are trapped in mucin pores [32]. Some structural features 
of the antibiotic, such as the presence of multiple 
benzene rings, seem to favour penetration. Also Upid 
soluble agentS penetrate to a greater extent [16]. A major 
factor influencing penetration is the scrum pro te in 
binding of the antimicrobial drug. Serum protein binding 
determines the level of free drug available to diffuse 
across membranes [1, 16, 18, 22]. Antibiotics with higher 
protein binding penetrate to a lesser extent into the inter
stitial fluids. Dose, route and mode (continuous infusion 

versus intermittent) of administration will all affect the 
profile of the concentration-time curve [18, 33]. 

Once the antibiotic has arrived at the site of infection, 
its antimicrobial activity can be changed by several 
factors. ALEXANDER et al. [34] showed that a given con
centration of tobramycin in bronchial secretions produced, 
in vitro, a smaller inhibition of bacterial growth 
(measured as the diameter of the inhibition zone) than an 
identical concentration of the antibiotic, dissolved in 
serum. The rule that only the free, nonprotein-bound 
portion of the antimicrobial drug is biologically active 
applies not only in serum but also at the site of 
pulmonary infection. The exact percentage of drug bound 
to proteins or other endobronchial or intra-alveolar 
macromolecules is unknown. 

In addition, the antibiotic can undergo bioinactivation 
by enzymes of bacterial origin (e.g. betalactamase) or by 
enzymes originating from leucocytes. The latter has been 
studied extensively by THus [35], showing increasing 
inactivation of aminoglycosides with increasing purulence 
of bronchial secretions. The local pH, the presence of 
cations with an antagonistic effect such as calcium and 
magnesium and local oxygen tension (Po1) and carbon 
dioxide tension (Pco~ are other factors infl uencing the 
antimicrobial activity of a given local level of antimicro
bial drug [36]. 

Furthermore, the local antibiotic concentration is a 
dynamic rather than a static phenomenon. Antibiotics may 
be eliminated from the endobronchial and intraparenchy
mal area by lymphatic drainage, mucociliary transport 
mechanism, coughing or reabsorption and back diffusion 
to the circulation [16, 18, 22]. Accumulation of 
antibiotics can occur at the site of infection. Accumula
tion in the airways may be caused by a diminished 
clearance from the bronchial lumen, as has been shown 
in COPD patients with a decreased efficiency of the 
mucociliary transport system [16]. The local concentra
tion can also increase due to pooling in the secretions, 
e.g. when selective absorption or evaporation of 
water occurs [16]. For some antibiotics such as doxycyc
line, trimethoprim and enoxacin, a lack of correlation 
between serum levels and levels in bronchial secretions 
has been observed. For these antimicrobial drugs 
increasing concentrations in bronchial secretions during 
therapy or even a local concentration above the serum 
concentration were found. These findings suggest 
accumulation at the site of infection [29, 37, 38]. 

In conclusion, the final bioactive concentration of an 
antimicrobial drug at the site of a bronchial or pulmo
nary infection is the result of a very complex dynamic 
process which explains the intra- and interindividual 
variability of the results of published studies. 

Specimen collections and methods of 
measurement of antibiotic concentration 

The penetration of antibiotics has been evaluated by 
the determination of drug concentration in different 
respiratory fluids and in tissue samples. Sputum samples 
can be collected during a given period of time after 
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administration of the antimicrobial drug. Before assay, 
the sputum samples are liquefied and homogenized. 
However, the sputum may be diluted by saliva during 
collection, resulting in false low levels. Conversely, there 
may be secretion of antimicrobial drug in the saliva, 
producing false high levels in the collected sputum 
specimens. Furthermore, the sample obtained is a pooled 
specimen of bronchial secretions. This pooling effect 
increases with decreasing efficiency of mucociliary clear
ance and cough reflex and can cause an apparent lack of 
correlation between serum and sputum levels [16, 19]. 
The degree of purulence of sputum can be determined 
and related to the drug concentration. Comparing the 
sputum levels with simultaneously obtained serum level 
allows calculation of the percentage of penetration and 
production of concentration-time profile [22]. Bronchial 
secretions can be obtained by transtracheal aspiration in 
endotracheally intubated and tracheotomized patients or 
by fibrebronchoscopic aspiration. This procedure avoids 
contamination by saliva. The bronchial secretions are 
handled in the same way as sputum specimens. The 
antibiotic concentration in these secretions are supposed 
to approximate to the local mucosal levels of antimicro
bial drugs, although the pooling effect remains. 
Reproducible results have been obtained with regard to 
the determination of antibiotic concentration in bronchial 
secretions [16, 22, 23]. As with sputum samples 
concentration-time profLles, ratio of endobronchial level 
to serum level and correlation with degree of purulence 
were determined. 

Tissue samples of bronchial mucosa and lung paren
chyma can be obtained by fibrebronchoscopy, transcuta
neous needle biopsy or during thoracotomy [19] . The 
tissue samples are weighed, homogenized and centrifuged 
before assay [37-41]. There are, however, two major 
drawbacks using tissue samples. Firstly, it is difficult 
to obtain a lung or bronchial mucosa specimen 
completely free from blood. The blood concentration of 
the drug is bound to influence the measured tissue 
concentration. To overcome this problem KRoENING et al. 
[41] determined the haemoglobin concentration of the 
supematant fluid after centrifugation of the tissue and 
applied a formula to assess tissue concentration without 
blood admixture. Secondly, the value of drug 
concentration in tissue samples for predicting therapeutic 
efficacy is limited, because the measured concentration 
averages the contribution of the different compartments 
of the tissue, such as extracellular and intracellular fluid. 
Indeed, the distribution of the antimicrobial drug within 
the tissue cannot be expected to be uniform (e.g . it can 
be limited to the extracellular compartment, dependent 
upon the lipid solubility of the antibiotic). Also, since it 
is believed that most infections occur in the interstitial 
fluid, levels of antibiotic in the extracellular fluid are 
more relevant than those in whole tissues [18]. 

Bronchoalveolar lavage is another, relatively recent, 
technique by which the cells and fluid lining the alveolar 
walls can be examined [42). Bronchoalveolar lavage 
(BAL) can be an important diagnostic tool and has given 
us insight into the pathogenesis of a lot of (mainly inter
stitial) pulmonary diseases [42]. Only a few authors have 

used the technique of bronchoalveolar lavage to deter
mine the concentrations of medications, including 
antibiotics in the alveolar lining fluid [43, 44]. The great 
difficulty of such determinations is the unpredictable 
dilutional factor caused by the instilled saline solution, 
which makes it difficult to compare the concentration of 
the antibiotic level in the aspirated lavage fluid and serum. 

However, the variability of the dilutional effect can be 
avoided to a great extent, iJ the concentration of the 
antibiotic in serum and BAL fluid is compared to the 
concentration of a reference substance, with a molecular 
weight in the same order as the investigated antimicro
bial drug. Urea and/or creatinine are mainly used as 
reference substances [43, 44]. By comparing the ratio of 
the antibiotic concentration to the reference substance 
concentration in bronchoalveolar lavage fluid, with the 
same ratio in serum, we can determine the relative 
coefficient of penetration (RCP) of the antibiotic into the 
alveolar lining fluid. 

The ratio between the measured concentration of the 
antimicrobial drug in the bronchoalveolar lavage fluid 
and the real concentration of the drug in the alveolar 
lining fluid (ALF) is equal to the same ratio for the 
reference molecule and in fact represents the dilution 
factor: 

(Antibiotic)8 AL (Antibiotic) AI.J' 

= 
(Reference substance)8AL (Reference substance) AI.J' 

Urea and creatinine are small molecular weight substances 
which diffuse readily through the alveolar-capillary 
membrane. One can assume that in steady-state condi
tions serum urea concentration equals the urea concen
tration in the alveolar lining fluid giving: 

(Antibiotic) AI.J' = 
(Antibiotic)8AL x (Urea) .. rum 

(Urea)BAL 

Comparing the concentration of the antibiotic in serum 
and in the alveolar lining fluid detcnnines the degree of 
penetration across the blood-air barrier at any given time. 

Another problem of the dilutional effect caused by the 
instilled lavage fluid is the very low concentration of 
both the investigated molecule and the reference 
substance in the BAL fluid that is recovered. Therefore, 
highly sensitive techniques, such as high pressure liquid 
chromatography (HPLC), radio-immunoassay (RIA), 
fluorescence immunoassay or concentration procedures, 
such as lyophylisation, are needed. The microbiological 
agar disc diffusion assay as described by BENNET et al. 
[45] is less accurate but is frequently used for the 
measurement of antibiotic concentrations in respiratory 
fluids and tissue samples. In this assay, the concentration 
of the antibiotic in the investigated specimen is 
calculated indirectly by comparing the inhibition zone on 
the agar disc with the inhibition zone caused by a known 
concentration of the antibiotic. The zones of inhibition 
for known concentrations of the antibiotic are used to 
make a standard curve. This bioassay is, however, less 
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sensitive than the currently available highly sensitive 
techniques mentioned above. 

Concentration of antimicrobial drugs in respiratory 
fluids and tissues 

The importance of the concentration of a particular 
antimicrobial drug in respiratory fluids and tissue samples 
(table I) has already been stressed. Comparing the local 
concentration-time profile of antibiotic with its 
minimal inhibitory concentration (MIC) will allow us to 
predict therapeutic efficacy. It is clear from the 
complexity of the pharmacokinetics of antibiotics at the 
level of the lung, that the rate and extent of penetration 
will vary for different antibiotics. Moreover, 
methodological problems and difficulties with 
standardization will inevitably lead to conflicting results. 
The penetration of an antimicrobial drug is often 
expressed as the percentage ratio between the 
concentration in the investigated specimen and the 
concentration in a simultaneously obtained serum sample. 
However, the penetration of some antibiotics into 
respiratory fluids or tissues lags behind the serum 
concentration profile where the antibiotic can already be 
in the elimination phase [22]. It is, therefore, more 
meaningful to calculate, if possible, the ratio between the 
peak level in the investigated specimen and the peak 
level in serum or to calculate the ratio between the area 
under the concentration-time curve for the specimen to 
the same area for serum. 

Most studies conclude that higher serum levels of 
antimicrobial drugs are reflected by hlgher levels in the 

Table 1. - Concentration of antimicrobial drugs in 
respiratory fluids and tissues 

Ratio sputum/serum Ref. 

Amikacin 
Amoxycillin 
Ampicillin 
B acampicillin 
Carbenicillin 
Cefaclor 
Cefotaxime 
Cefoxitin 
Cefuroxime 
Doxycycline 
Enoxacin 
Erythromycin 
Gentamicin 
Minocycline 
Netilmicin 
Ofloxacin 
Piperacillin 
Sulphamethoxazole 
Tobramycin 
Tricarcillin 
Trimethoprim 

% 

24 
3--6 
3-10 

13- 20 
11-20 
8-10 

25 
20-25 
18 
20-35 

·100 
5 

27-40 
28--60 
14-20 
78- 103 
4-15 

13-18 
65--67 
2 

>100 

[49, 57) 
[9, 11, 20, 26, 27) 
[16, 20-22, 24) 
[12, 20, 27] 
[47, 60) 
[39, 59) 
[58] 
[20, 23) 
[20, 57} 
[29, 51) 
[54-56} 
[30} 
[15, 31, 47, 48, 60, 63) 
[28, 50, 57] 
[33] 
[62] 
[22, 40) 
[57, 61) 
[34, 41, 43] 
[22) 
[38, 53, 57, 61] 

respiratory fluids and tissues. This suggests passive 
diffusion as the most important mode of transport [16]. 

Betalactam antibiotics 

It has been shown that penicillin G, administered 
intramuscularly, penetrates into sputum with a good 
correlation between sputum and serum concentration. 
Sputum levels ranged between 0.3 and 3.1 U·ml'1 [16, 
46]. The penetration of ampicillin into sputum and 
bronchial secretions after oral and parenteral 
administration is low, being 2-5% of serum concentra
tions. A great interindividual variation is observed 
and the relationship between serum concentration and 
sputum concentration is rather poor. For any given 
serum concentration the corresponding concentration 
in sputum or bronchial secretions varies widely [10, 
21-24]. The local concentrations of amoxycillin in 
respiratory secretions are somewhat higher and the 
correlation between serum and sputum levels is better 
than for ampicillin, the ratio being 6% [9, 21-23, 26]. 
The oral dose of amoxycillin needed to obtain 
comparable concentrations in bronchial secretions as 
of ampicillin is half the oral dose of ampicillin but this 
is largely due to a better absorption from the gastrointes
tinal tract [26). For bacampicillin there is a clear corre
lation between serum levels and level in bronchial 
secretions with a ratio of 13- 22% [12, 13, 27). The 
concentration of carboxypenicillins (carbenicillin and 
ticarcillin) in bronchial secretions is rather low with a 
mean ratio between serum level and level in bronchial 
secretions of 3.5%. The airway concentrations were 
inadequate to inhibit most strains of Pseudomonas [21, 
22, 27]. 

With regard to the ureido penicillins, a penetration ratio 
of 4% was found for mezlocillin [22]. The penetration of 
piperacillin in sputum and bronchial mucosa was 
variable but showed a significant dose-response 
relationship. The concentration attained was adequate to 
eradicate Haemophilus influenzae and Streptococcus 
pneumoniae, but was borderline effective for 
Pseudomonas aeruginosa [40] . 

The concentration of cephalosporins in sputum and 
bronchial secretions are in the range of 5- 10% of the 
peak serum concentration. Most agents reach a 
concentration adequate to treat S. pneumoniae. The 
~econd generation and the third generation cephalosporins 
reach a local concentration high enough to eradicate H. 
influenzae. The concentrations of cefaclor in bronchial 
mucosa are effective against S. pneumoniae, but some 
strains of H. influenzae will not be inhibited by the 
concentration attained [39]. The local concentration of 
third generation cephalosporins is adequate to treat 
non-pseudomonal Gram-negative bacilli [22]. The 
concentration of moxalactam at the alveolar lining fluid 
was studied by bronchoalveolar lavage. Increasing serum 
concentrations of moxalactam were significantly 
correlated with increasing concentrations at the alveolar 
level ranging from <1-6 J.1g·ml·1 in the bronchoalveolar 
lining fluid [44]. 
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Aminog/ycosides 

The studies concerning the penetration of aminoglyco
sides in sputum and bronchial secretions showed a ratio 
of bronchial to serum pealc concentrations between 10 
and 30%. There was no significant difference between 
the different aminoglycosides concerning penetration in 
bronchial secretions. The aminoglycoside level attained 
is often lower than the MIC for most of the 
Enterobacteriaceae and for P. aeruginosa [17, 21-23, 31, 
33- 35, 47--49]. The penetration of tobramycin in lung 
parenchyma has been evaluated by the detennination of 
concentrations in pulmonary tissue and in 
bronchoalveolar lavage fluid [41, 43]. It seems, from both 
studies, that the penetration of tobramycin in bronchial 
secretions differs from its penetration in lung interstitium 
and alveolar lining fluid. Indeed, both studies showed a 
ratio of 50% between lung and blood concentrations. The 
ratio between the concentration in bronchial secretions 
and blood averaged only 20%. 

Tetracyclines 

There is a good correlation between the sputum and 
serum concentrations of tetracyclines after oral admini
stration, the ratio being 10-30%. The concentrations 
attained exceed the MIC of all S. pneumoniae strains and 
most H. influenzae strains [28, 29, 50, 51]. The sputum 
concentration of doxycycline has no relationship to the 
degree of inflammation and increases progressively over 
a number of days with increasing sputum-serum ratios 
[29]. Concentrations of doxycycline in bronchial wall 
homogenates and in lung tissue exceed the MIC for H. 
influenzae and S. pneumoniae strains [52]. 

Other antibiotics 

Oral administration of trimethoprim yields concentra
tions in lung tissue and bronchial secretions which are 
higher than corresponding serum concentrations, suggest
ing accumulation [38, 53]. For erthromycin the sputum 
concentrations were approximately 10% of the serum 
concentrations [22, 30). Within the group of quinolones, 
the ratio of the concentration of enoxacin in the bron
chial mucosa to the concentration in serum averaged 47% 
[37]. The degree of penetration of enoxacin into sputum 
reached 90-100% of the serum concentration [52], 
suggcsti:ng accumulation. In lung tissue the concentra
tion of enoxacin and ofloxacin were significantly higher 
than the plasma concentration [55, 56]. 

Conclusion 

The detennination of the concentration of antimicro
bial drugs in respiratory fluids and pulmonary tissues 
could be important for prediction of the therapeutic 
efficacy of an antibiotic treatment in bacterial lower 
respiratory tract infections. The disposition of 

antibiotics in the bronchial tree and pulmonary tissue 
is the result of a very complex and dynamic 
pharmacokinetic process. The penetration into bronchial 
secretions and sputum has been investigated for many 
antimicrobial drugs and has been correlated with the 
minimal inhibitory capacity of respiratory pathogens. 
However, for many antibiotics, data concerning 
penetration and pharmacokinetic behaviour in the 
respiratory tract are lacking. The concentrations of 
antibiotics in pulmonary interstitium and alveolar lining 
fluid have been studied using tissue samples. 
Contamination with blood is the main methodological 
problem. The time-concentration profile of antibiotics in 
the bronchial tree and in the alveolar lining fluid has not 
been studied until now. Also the influence of 
inflammation or concomitant medications on the 
penetration of antibiotics has not been evaluated. 
Bronchoalveolar lavage may be a promising technique 
for evaluating antibiotic drug concentrations in alveolar 
lining fluid and may allow us to answer some of the 
many remaining questions about the pharmacokinetics 
and pharmacodynamics of antibiotics in the airways and 
the lung parenchyma. 
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Pharmacocinetiques des antibiotiques au niveau pulnwnaire. 
Y. Valck.e, R. Pauwels, M. Van Der Straeten. 
RESUME: Dans cet article sont passees en revue les 
connaissances actuelles concemant la correlation entre la 
penetration locale des antibiotiques et 1' efficacite therapeutiquc 
dans les infections bacteriennes des voies respiratoires 

infmeures. La concentration des drogues antimicrobienees au 
niveau du site infectieux est supposee etre determinante pour 
l'efficacite du traitment antibiotique, mais le nombre d'etudes 
consacrees aux infections respiratoires, qui supportent cette 
hypothese, est lirnite. Les mecanismes, responsables de la 
penetration pulmonaire des antbiotiques adm.inistres par voie 
orale ou parenterale incluent la diffusion passive, le transport 
actif, le bulk flow et la permeabilite. La penetration des 
medicaments antibacteriens au niveau des voies respiratoires 
est influencee par des caracteristiques de l'hote, telles que 
!'inflammation ou les traumatismes mecaniqucs, et par des 
facteurs propres aux medicaments, comme le poids 
moleculaire. De plus, une inactivation locale pcut se produire. 
La concentration finale et biologiquement active des 
antibiotiques au site de l'infection est done le resultat d'un 
processus dynamique tres complexe. Plusieurs methodes ont 
ete employees afin de determiner la concentration des 
antibiotiques dans les expectorations, les differentes secretions 
respiratoires et les biopsies tissulaires. Les valeurs obtenues ont 
ete corrclees avec les taux seriques et l'efficacitc clinique. Le 
lavage bronchoalveolaire semble etre une technique fiable pour 
evaluer les concentrations des antibiotiques au niveau de 
l'alveole. Pour plusieurs antibiotiques nous ne disposons pas 
encore de donnees concernant la penetration et la 
pharmacocinetique dans les voies respiratoires. 
Eur Respir J., 1990, 3, 715-722. 


