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Pulmonary Disposition of 
Vancomycin in Critically Ill 
Patients 

H.  G e o r g e s  1. ,  O. L e r o y  1, S. A l f a n d a r i  1, 
B. G u e r y  1, M. R o u s s e l - D e l v a l l e z  2, 
C. D h e n n a i n  3, G. B e a u c a i r e  I 

Vancomycin penetration in epithelium lining fluid 
was studied in ten mechanically ventilated pa- 
tients with methicillin-resistant Staphylococcus 
aureus pneumonia 24 hours after the onset of 
treatment. Vancomycin was given intravenously at 
a daily dose of 30 mg/kg. Vancomycin levels were 
detectable in four patients (range, 1-2.77 i~g/ml). 
Concordance between high plasma concentra- 
tions (> 20 #g/ml) and detectable vancomycin lev- 
els in epithelium lining fluid was noted. These re- 
sults suggest that the pulmonary disposition of van- 
comycin remains low for most patients 24 h after 
the onset of treatment compared with the minimum 
inhibitory concentrations for most gram-positive or- 
ganisms. One therapeutic goal of vancomycin 
treatment could be to obtain through plasma lev- 
els of 20 i~g/ml. Further studies are required to de- 
termine the clinical relevance of these observations. 

Successful treatment of bacterial pneumonia de- 
pends on adequate delivery of antibiotic to the in- 
fected area. Vancomycin is often the only antibi- 
otic available to manage pneumonia due to 
methicillin-resistant Staphylococcus aureus (1), 
yet there is a lack of data on vancomycin distri- 
bution in lung tissue, especially at the onset of 
treatment. Many procedures are available to de- 
termine pulmonary disposition of antimicrobial 
agents. Among these, determination of antibiotic 
levels in epithelium lining fluid (ELF) seems to be 
an easy and reliable method (2). The aim of the 
present study was to investigate the pulmonary 
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disposition of vancomycin in mechanically venti- 
lated patients with Staphylococcus aureus bron- 
chopneumonia 24 hours after the onset of treat- 
ment. 

Materials and Methods. The present study was 
conducted prospectively between January 1994 
and October 1994 in a 16-bed medical/surgical 
ICU. The study population consisted of ten me- 
chanically ventilated patients with bronchopneu- 
monia due to methicillin-resistant Staphylococcus 
aureus. There were six males and four females with 
a mean age of 65.5 _+ 8.4 years. Informed consent 
was obtained from all patients or from the near- 
est relative. The study was approved by the Lille 
Medical University's Ethics Committee. 

Patients were admitted for acute respiratory fail- 
ure caused by exacerbation of chronic obstructive 
pulmonary disease (COPD) (n = 4), community- 
acquired pneumonia (n = 3), cerebral hemor- 
rhage (n = 1), meningitis (n = 1), or pulmonary em- 
bolism (n = 1). Weights ranged from 51 to 97 kg 
(mean, 72 + 11 kg). Coexisting diseases were 
COPD (5 patients), cirrhosis (1 patient), and ma- 
lignancies (2 patients). At the onset of Staphylo- 
coccus aureus bronchopneumonia, the mean du- 
ration of mechanical ventilation was 10.6 _+ 3.9 
days. Staphylococcus aureus bronchopneumonia 
caused sepsis syndrome in eight patients and sep- 
tic shock in two patients. No surgical procedure 
was performed on any patient during the ICU stay. 
Four patients received steroids during the study 
period, and nine patients received antibiotics 
other than vancomycin. 

Staphylococcus aureus bronchopneumonia was 
defined by hyperthermia of _> 38.3~ leukocyto- 
sis of -> 12 x 109/1, new and progressive infiltrates 
on chest radiograph, purulent tracheal secretions, 
and a protective specimen brush sample positive 
for Staphylococcus aureus (>_ 103 cfu/ml). Serum 
creatinine level was < 14 mg/1 for all patients. No 
patient had previously received vancomycin or an- 
other glycopeptide within seven days of entry in- 
to the study. Vancomycin was given intravenous- 
ly at a daily dose of 30 mg/kg in four equal discon- 
tinuous infusions administered for a 1 h period 
every 6 h. 

Fiberoptic bronchoscopy with bronchoalveolar 
lavage (BAL) was performed 24 h after the onset 
of treatment, just before the next planned infusion 
of vancomycin, to obtain ELF. Bronchoalveolar 
lavage was performed into a subsegmental airway 
of the middle lobe or lingula by infusing five 20 
ml aliquots of sterile 0.9% saline solution 
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Table 1: Levels of urea, albumin, and vancomycin in plasma, bronchoalveolar lavage (BAL) fluid, and epithelium lining fluid 
(ELF) of the ten patients. 

Patient BAL fluid Urea in Urea in Albumin in ELF Vancomycin Lyophilized Vancomycin Albumin in 
no. recovered plasma (g/l) BAL fluid BAL fluid recovered in plasma vancomycin in ELF ELF 

(ml) (mg/dl) (mg/dl) (mi) (pg/ml) (pg/ml) (pg/ml) (mg/ml) 

1 55 0.62 0.98 4.5 0.86 18.1 <0.5 - 5.23 
2 43 0.51 0.86 0.4 0.72 22.5 1 1.38 0.55 
3 9 0.3 0.7 0.12 0.21 14.6 <0.5 - 0.57 
4 29 0.47 0.96 2.7 0.59 22.1 1.2 2.03 4.57 
5 27 0.4 1.2 1.4 0.81 13.2 <0.5 - 1.72 
6 50 0.78 2.6 7.6 1.66 23.2 4.6 2.77 4.57 
7 27 0.86 1.8 1.87 0.56 20.9 1.04 1.95 3.35 
8 25 0.27 0.52 0.81 0.48 8.4 <0.5 - 1.68 
9 35 0.22 0.66 0.6 1.05 7.7 <0.5 - 0.57 

10 32 0.34 1.2 2.4 1.12 12.4 <0.5 - 2.14 
Mean _+ 33.9+14.1 0.47_+0.21 1.14_+0.62 2.24_+2.29 0.8_+0.38 16.3+5.8 2.49_+1.8 

SD 

through the aspiration port  and withdrawing 
them immediately via the same port by gentle suc- 
tion. Time elapsed between beginning of BAL and 
recovery of the five aliquots was < 2 min. Liquid 
recovered after infusion of the first aliquot was 
considered representative of a bronchial wash 
and was discarded. To investigate plasma vanco- 
mycin concentrations, blood samples were 
withdrawn at the end of the bronchoscopy proce- 
dure. 

Recovered BAL fluids were poured through a 
gauze, and an aliquot was submitted for cytolog- 
ic examination prior to any centrifugation. The re- 
maining fluid was centrifuged for 5 min to sepa- 
rate cells from the fluid component.  Wright- 
Giemsa stain smears served to identify 
differential profiles after cytospin preparation. 
Bronchial epithelial cells were counted and re- 
corded as the percentage of total cells. Fluid su- 
pernatant was stored at - 70~  until analyzed. Al- 
bumin concentration in plasma and BAL fluid was 
determined by enzyme immunoassay to quantify 
parenchymal lung inflammation (3). 

To quantify the volume of ELF  in fluid superna- 
taut recovered, urea was used as an endogenous 
marker of ELF, since urea diffuses throughout the 
alveolar wall (4). As urea concentrations in ELF  
and plasma are the same, the volume recovered 
can be calculated if the plasma urea concentration 
and the quantity of urea in a lavage sample are 
known: [volume of recovered BAL (ml) x concen- 
tration of urea in BAL (mg/ml)] concentration of 
urea in plasma (mg/ml). 

To determine the urea content of lavage fluid sam- 
ples, a commercially available kit (Sigma 65-UV; 
Sigma Diagnostics, USA) was used. 

An aliquot of BAL fluid supernatant was lyophi- 
lized and the powder suspended in 1 ml of 10 .3 ml 
of hydrochloric acid. The concentration of van- 
comycin in suspension was then determined by a 
fluorescence polarization immunoassay (TDX; 
Abbot t  Laboratories, UK). The limit of detection 
of vancomycin in suspension was 0.5 ~xg/ml. The 
vancomycin concentration was then matched to 
the volume of ELF  obtained by BAL. 

Exclusion criteria were as follows: patients with se- 
vere pulmonary disorders as defined by a Murray 
score of > 2.5 (5); proport ion of bronchial epithe- 
lial cells in BAL fluid > 2% of total cells; BAL pro- 
cedure duration > 2 min; erythrocyte contamina- 
tion with > 5 cells/oil-immersion field. 

Data were expressed as means _+ standard devia- 
tions. Statistical methods used the independent  
Student's t-test. 

Results and Discussion. Bronchoalveolar lavage 
was performed safely in all patients; none was ex- 
cluded from the study. Volume recovered from 
BAL was 33.9 _+ 14.1 ml, with a mean cell count 
of 262 x 103/ml of lavage fluid. Recovery was poor  
in one patient (no. 3) because of preexisting 
COPD. The differential cell count revealed 
40% _+ 34% macrophages, 55% + 28% neutro- 
phils, and 5% _+ 4% lymphocytes. The calculated 
volume of ELF  recovered from lavage averaged 
0.8 _+ 0.38 ml. The albumin concentration in ELF 
was calculated to be 2.46 _+ 1.54 mg/ml. Vanco- 
mycin levels in lyophilized suspension were detect- 
able in only four patients (Table 1). In these pa- 
tients the mean vancomycin concentration 
matched to ELF  was 2.03 _+ 0.49 jxg/ml (range, 
1 to 2.77 txg/ml) and the mean simultaneous lev- 
el in plasma 22.19 _+ 0.83 pog/ml. Vancomycin in 



Vol. 16, 1997 Notes 387 

ELF was undetectable in six patients. For these 
patients the mean simultaneous level in plasma 
was 12.45 _+ 3.56 ixg/ml. There was no difference 
between the two groups regarding parenchymal 
lung inflammation. 

Vancomycin is usually considered the first-line 
agent for treatment of MRSA bronchopneumonia, 
yet little is known about its pulmonary disposition. 
Recently, Lamer et al. (3) demonstrated that van- 
comycin was distributed in the pulmonary ELF at 
a concentration dependent on blood levels and al- 
veolar capillary membrane permeability when it 
was administered for at least five days. 

Epithelium lining fluid, considered an important 
site of infection in pneumonia, is the fluid that lines 
the small distal airways. In our study we chose to 
perform a rapid lavage technique (instillation 
and collection procedures required < 2 min) to 
avoid an overestimation of ELF volume (4). In the 
same way, to circumvent permeability of pulmo- 
nary epithelium due to clinical injuries, patients 
with pulmonary disorders defined by a Murray 
score of > 2.5 were excluded (5). 

In our study, vancomycin levels in ELF 24 h after 
the onset of administration were lower for most 
patients than the minimum inhibitory concentra- 
tions (MICs) for most gram-positive organisms 
(0.25-2 Ixg/ml) (6) and the NCCLS breakpoint 
concentration recommended for vancomycin 
(4-32 txg/ml) (7). Indeed, vancomycin levels in lyo- 
philized suspension were below the assay sensitiv- 
ity limit (0.5 txg/ml) in six patients. Discrepancies 
between plasma and ELF levels can be explained 
by significant variations in distribution and excre- 
tion of vancomycin, both of which are influenced 
by age, sex, volume of distribution, and body 
weight (8). 

We chose to perform BAL at times of trough con- 
centrations because optimal vancomycin therapy 
requires sustained therapeutic concentrations 
and does not require peaks (9). Our samplings 
were performed 24 h after the onset of treatment. 
This could be premature; it may be necessary to 
perform BAL later to assess the pulmonary dis- 
position of vancomycin, since vancomycin levels 
in ELF are stable five days after the onset of treat- 
ment (3). 

A striking point of our study is the concordance 
between high trough concentrations of vancomy- 
cin in serum and vancomycin levels in ELF. In- 
deed, all four patients with vancomycin levels in 
ELF had trough plasma concentrations above 20 

p~g/ml. By contrast, all six patients with undeter- 
mined levels in ELF had plasma concentrations 
below 20 p,g/ml. These data have already been sug- 
gested by Lamer et al. (3): after five days of ad- 
ministration, vancomycin levels in ELF were two 
to 30 times the MICs for most gram-positive or- 
ganisms in patients with plasma levels above 20 
p.g/ml. These authors were able to detect vanco- 
mycin in ELF in a few patients with plasma lev- 
els of < 20 txg/ml. However, the duration of vanco- 
mycin administration before sampling was differ- 
ent (5 days vs. 1 day in our study); effective 
distribution of vancomycin in lung parenchyma is 
slow, and tissue levels are generally superior to 
plasma levels after a few days (10). 

Therefore, one therapeutic goal of vancomycin ad- 
ministration in patients with severe Staphylococ-  
cus aureus pneumonia could be to achieve van- 
comycin trough levels of at least 20 txg/ml in plas- 
ma. These high trough levels of vancomycin are 
not those currently recommended (troughs of 5 to 
10 txg/ml). However, many studies have demon- 
strated little or no toxicity with vancomycin ther- 
apy (11, 12), and the largest study of treatment- 
associated toxicity showed a 3 % incidence of re- 
versible renal impairment in patients whose 
trough levels ranged from 30 to 65 mg/1 with 
correspondingly elevated peaks (13). Pharmaco- 
dynamics studies could be conducted to determine 
the efficacy of high trough levels at the onset of 
treatment, particularly when Staphy lococcus  
aureus is sensitive only to glycopeptides. To our 
knowledge, there is no controlled trial in which 
pulmonary and plasma vancomycin concentra- 
tions have been related to clinical response. 

In summary, discrepancies in vancomycin levels in 
lung tissue appear 24 h after the onset of treat- 
ment. Plasma vancomycin trough levels of at 
least 20 txg/ml appear necessary to achieve satis- 
factory levels in lung tissue. Nevertheless, the 
clinical significance of antibiotic levels in ELF in 
terms of outcome of treatment for pneumonia is 
unknown. Controlled trials relating plasma and 
ELF concentrations to clinical response are nec- 
essary. 
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Etiology and Response to 
Antibiotic Therapy of 
Community-Acquired 
Pneumonia in French Children 

D. Gendrel*, J. Raymond, E Moulin, 
J.L. Iniguez, S. Ravilly, E Habib, 
R Lebon, G. Kalifa 

The aim of this study was to determine the etiolog- 
ic agents associated with community-acquired 
pneumonia in 104 French children ages 18 
months to 13 years. Potential respiratory pathogens 
were identified in 87 (85%) cases; these included 
respiratory syncytial virus in ten, other viruses in 20, 
Streptococcus pneumoniae in 14, and Mycoplas- 
ma pneumoniae (diagnosed by serologic proce- 
dures) in 43. Of 32 patients with Mycoplasma 
pneumoniae infection who were initially treated 
with beta-lactam antibiotics, 30 failed treatment. 
Recovery from mycoplasma infection occurred 
rapidly in patients treated with macrolide antibio- 
tics (which included spiramycin in 31 patients, jo- 
samycin in 7, and erythromycin in 3); however, 
cough persisted in 12 patients for one month. The 
high frequency of Mycoplasma pneumoniae infec- 
tion in community-acquired pneumonia in children 
over 18 months of age must be considered when 
selecting an antibiotic for initial therapy. 

Antibiotic t reatment of pneumonia in children is 
often empirical, since determination of the etiolog- 
ic agents is difficult and is rarely performed in this 
age group (1-6). The incidence of the different 
pathogens involved in community-acquired 
pneumonia is suspected to vary. Penicillin resis- 
tance in Streptococcus pneumoniae, an important 
cause of pneumonia in children, is increasing rap- 
idly. In addition, some studies have reported a high 
frequency of Mycoplasma pneurnoniae in lower re- 
spiratory tract infections in children. In contrast, 
widespread immunization with the Haemophilus 
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