
Vo1.13,1994 165 

10. Hooper DC, Wolfson JS: Mode of action of the new 
quinolones: new data. European Journal of Clinical 
Microbiology & Infectious Diseases 1991, 10: 223-231. 

11. Cohen SP, McMurry LM, Hooper DC, Wolfson JS, 
Levy SB: Cross-resistance to fluoroquinolones in 
mutiple-antibiotic-resistant (Mar) Escherichia coli 
selected by tetracycline or chloramphenicol: decreased 
drug accumulation associated with membrane changes 
in addition to OmpF reduction. Antimicrobial Agents 
and Chemotherapy 1989, 33: 1318-1325. 

12. Aoyama H, Sato K, Kato T, Hirai K, Mitsuhashi S: 
Norfloxacin resistance in a clinical isolate of Escher- 
ichia coil Antimicrobial Agents and Chemotherapy 
1987, 31: 1640-1641. 

13. L6pez-Brea M, Alarc6n T: Isolation of fluoro- 
quinolone-resistant Escherichia coli and Ktebsiella 
pneumoniae from an infected Hickman catheter. 
European Journal of Clinical Microbiology & Infec- 
tious Diseases 1990, 9: 345-347. 

14. Moniot-Ville N, Guibert J, Moreau N, Acar JF, Collatz 
E, Gutmann L: Mechanisms of quinolone-resistance 
in a clinical isolate of Escherichia coli highly resistant 
to fluoroquinolones but susceptible to nalidixic acid. 
Antimicrobial Agents and Chemotherapy 1991, 35: 
519-523. 

teria were resistant to polymixin E and gentamicin, 
respectively, at admission. These proportions in- 
creased to up to 50 % after 16 days of treatment. 
Although 50 % of staphylococci were initially 
sensitive to gentamicin, all strains were resistant 
to this drug after four days of SDD. Both anti- 
biotics were found in concentrations of less than 
20 ~g/g in 11 of 38 stools. Of these 38 stools, nine 
were not contaminated, 20 were colonized with 
resistant bacteria and 16 with strains sensitive to 
one antibiotic present in the stool. Therefore, the 
poor efficiency of gut decontamination observed 
was probably due to the great proportion of re- 
sistant strains on admission of the patients, to the 
selection of such resistant strains with SDD, to 
poor intestinal transit of the antibiotics, and to in- 
activation of the drugs by the feces. These results 
support stringent monitoring of fecal colonization 
in patients undergoing SDD in order to detect the 
fecal carriage of gram-positive and multiresistant 
gram-negative bacteria. 
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The objective of the present work was to assess 
the possible mechanisms of the poor efficiency of 
selective decontamination of the digestive tract 
(SDD) in medical and surgical intensive care unit 
(ICU) patients. Sixty-four consecutive mechani- 
cally ventilated patients received gut decontami- 
nation with polymixin E, gentamicin and am- 
photericin B via a nasogastric tube and were 
assessed for oropharyngeal, gastric and fecal 
colonization and for the presence of each anti- 
biotic in the stomach and feces. A decrease in 
fecal colonization with Escherichia coli was ob- 
served over 20 days but not with other gram-nega- 
tive bacteria or gram-positive cocci. Fifteen and 
26 % of the fecal colonizing gram-negative bac- 
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Selective decontamination of the digestive tract 
(SDD) has been advocated by several European 
authors since 1984 in order to reduce the inci- 
dence of nosocomial infections in intensive care 
unit (ICU) patients (1-7). In most studies SDD 
was achieved by the application of antibiotics to 
the oropharynx and the gastrointestinal tract in 
association with intravenous cefotaxime. The in- 
cidence of nosocomial pneumonia was decreased 
by SDD, but in most studies mortality remained 
unchanged, leading to several controversies 
about the use of SDD (8). Recently, the occur- 
rence of secondary infections with multiresistant 
gram-positive bacteria has been attributed to 
SDD (7-9). The first European Consensus Con- 
ference in Intensive Care Medicine on Selective 
Decontamination of the Digestive Tract in ICU 
Patients, held in Paris in December 1991, con- 
cluded that the effects of SDD on antimicrobial 
resistance needed to be evaluated more exten- 
sively (8). After employing gastric decontamina- 
tion in a general ICU, we recently reported that 
only colonization of the stools with Escherichia 
coli could be eradicated whereas other aerobic 
gram-negative bacilli (AGNB) or gram-positive 
cocci remained present in almost all patients (10). 

The aim of the present study was to determine the 
mechanisms of the failure of SDD in ICU 
patients, especially regarding alterations in the in- 
traluminal kinetics of the antibiotics and re- 
sistance of the fecal bacteria to the antibiotics 
used. 
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Patients and Methods. Sixty-four consecutive 
mechanically ventilated patients received SDD in 
our ICU over a four-month study period. Sucral- 
fate was used for prophylaxis of stress hemor- 
rhage (11) and heparin for prevention of throm- 
boembolic disease. Therapeutic drugs stich as 
sedatives or systemic antibiotics were adminis- 
tered as indicated by the patient's clinical and bio- 
logical status. Patients received polymixin E 
(100 mg), gentamicin (80 mg) and amphotericin B 
(500 mg) every 6 h via a nasogastric tube from the 
onset of mechanical ventilation until extubation. 
If gastric suctioning was necessary, the tube was 
occluded for 60 rain following the administration 
of the antibiotics. No oropharyngeal or prophy- 
lactic systemic antibiotics were used. 

Oropharyngeal secretions, gastric aspirates and 
stools (or rectal swabs) were cultured every four 
days. Colonization was assessed using a semi- 
quantitative method for stool samples (thre- 
shold = 10,000 bacteria/g of stool) and a qualita- 
tive method for rectal swabs, oropharyngeal and 
gastric samples. An antibiogram was determined 
by disk diffusion testing for all bacteria. When an 
AGNB was recovered from a stool that contained 
at east one of the two antibiotics used (see below), 
the MIC of the antibiotic was determined using a 
broth diffusion technique, and the inhibitory 
quotient (IQ) was calculated by dividing the anti- 
biotic level by the MIC for that strain. Strains 

were considered sensitive to gentamicin and poly- 
mixin E if the MIC was < 4 tag/ml. After day 4, 
when the volume of the stool was sufficient, the 
fecal concentrations of polymixin E and gentami- 
cin were assessed. In patients undergoing con- 
tinuous gastric suction, concentrations of poly- 
mixin E and gentamicin were measured in the ga- 
stric aspirate of the 12 previous hours. The con- 
centration of polymixin E was determined by bio- 
assay using Bordetella bronchiseptica ATCC 4617 
as the test strain, while that of gentamicin was de- 
termined by a polarization fluoroimmunoassay. 
The duration of the evaluation was limited to 
28 days for each patient. Quantitative results are 
expressed as the mean _+ SEM. 

Results and Discussion. Thirty-nine of the 64 
patients (61%) were assessable, having under- 
gone mechanical ventilation for more than four 
days. Their age, sex, simplified acute physiologic 
score (SAPS) (12), mortality, diagnostic category 
on admission, length of ICU stay, duration of 
treatment and place of origin are shown in Table 
1. Five patients were already hospitalized in the 
ICU (for 5 to 31 days) at the onset of the study. 
Seven patients received no parenteral antibiotics 
during the first week of decontamination, two re- 
ceived penicillin G, four amoxicillin, two oxacil- 
lin, 12 amoxicillin plus clavulanate, four piperacil- 
lin, four cefotaxime and six imipenem. Oro- 
pharyngeal and gastric samples were available 

Table I: Characteristics of the 39 ICU patients assessable in the study. 

Age in years (mean ± SEM) 

Sex (no. of males/females) 

Simplified acute physiologic score (mean ± SEM) 

Mortality 

No. in each diagnostic category 
Medical 
Elective surgery 
Non-elective surgery 

Length of ICU stay in days (mean ± SEM) 

Duration of treatment in days (mean ± SEM) 

No. of patients admitted from: 
Home 
Other unit of hospital 
Other hospital 

61 ± 18 

24/15 

14±4 

30 % 

23 
4 

12 

22.4 ± 24.4 
(median 10; range 4 to 125) 

14.6 ± 9.0 
(median 10; range 4 to 28) 

11 
23 
5 
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from 20 patients during the first month of the 
study and were not taken from the subsequent 
patients because the stomach was almost always 
sterile (see below). 

Fecal colonization was assessed in 61 stools and 
77 rectal swabs. One hundred twenty-two samples 
(88 %) remained colonized with either AGNB or 
gram-positive cocci during the entire course of 
the study. Of the 263 colonizing bacteria, 47 % 
were gram-positive cocci, 24 % were Escherichia 
coli and 29 % were other AGNB. Overall coloni- 
zation with AGNB and gram-positive cocci was 
poorly affected by SDD: initial colonization with 
Escherichia coli (65 %) was eradicated after 20 
days of treatment, whereas colonization with 
other AGNB remained stable at about 40 %. 
Colonization fluctuated between 33 and 75 % for 
streptococci and between 25 and 61% for staphy- 
lococci. Nine stools were colonized with Candida 
spp. Fifty-eight percent of the oropharyngeal 
samples contained AGNB. Thirty-eight percent 
of the fecal samples collected on day 4 after a 
positive oropharyngeal swab were colonized with 
the same bacteria recovered from the oropharyn- 
geal swab. Only 9 % of the gastric samples ob- 
tained on the same day were colonized with 
AGNB also present in the oropharynx. 

The proportion of fecal AGNB resistant to the 
antibiotics was initially 15 % for polymixin E and 
26 % for gentamicin, and increased progressively 
to more than 50 % by the end of the treatment 
(Figure 1). Fifty percent of the staphylococci were 
sensitive to gentamicin on day 1, whereas all the 
strains became resistant during the treatment. In 
seven patients who underwent continuous gastric 

suctioning during the first month of the study, ga- 
stric levels of both polymixin E and gentamicin 
was obtained in 17 instances. The mean volume of 
aspirate for a 12 h period was 433 ml + 249. The 
proportion of antibiotics that were then suctioned 
through the nasogastric tube was 20 % (median 
13 %, range 0 to 69 %) for polymixin E and 28 % 
(median 15 %, range 0 to 83 %) for gentamicin. 
On six occasions fecal and gastric antibiotic levels 
were obtained simultaneously. The level of poly- 
mixin E in the feces was 81 gg/ml +-. 98 (median 
43 gg/ml, range 2 to 213/ag/mt) and that of gen- 
tamicin 211 tag/mt + 321(median 81/ag/ml, range 
18 to 855/ag/ml). These wide variations in fecal 
values were independent of the amount of drug 
suctioned via the gastric tube on the same day. 

Fecal antibiotic levels were measurable in 38 
stools from 15 patients. The concentration of poly- 
mixin E was 94 ~g/ml + 174 (median 42/ag/ml, 
range 0 to 1055 ~g/ml) and of gentamicin 
466/ag/ml -+ 545 (median 196/ag/ml, range 0 to 
2098~ag/ml). Levels of both antibiotics were 
< 20/ag/ml in ten stools. Nine of the 38 stools (24 %) 
were not contaminated. In 20 of 29 colonized 
stools, 26 bacteria were resistant to both poly- 
mixin E and gentamicin (15 streptococci, 6 
staphylococci, 4 Serratia marcescens and 1 Entero- 
bacter aerogenes, while in 16 of 29 stools (55 %), 
17 bacteria were sensitive to at least one of the 
two antibiotics present in the stool. MICs and in- 
hibitory quotients (IQ) are shown in Table 2. In 
five cases (Pseudomonas aeruginosa = 4, Escheri- 
chia coli = 1), the IQ was < 10 for both antibiotics. 
For the 12 other strains, the MIC of at least one 
antibiotic was low and the IQ was more than 10: 
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Figure 1: Proportion of fecal gram-negative bacteria resistant to gentamicin (hatched columns) and 
polymixin E (black columns) during decontamination. 
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this applied to polymixin E in 9 cases (Pseudo-  
monas  aeruginosa = 4, Escherichia coli = 3, Entero- 
bacter aerogenes = 1, Klebsiella p n e u m o n i a e  = 1) 
and to gentamicin in 7 cases (Escherichia coli = 3, 
Proteus morgani i  = 2, P s e u d o m o n a s  aerugi- 
nosa = 1, Enterobacter  aerogenes = 1) (Figtire 2). 

The incidence of nosocomial infections in adult 
ICU patients varies f rom 10 % to more than 45 % 
(13). The  incidence of nosocomial pneumonia  is 7 
to 45 % (2, 14), with associated mortali ty ranging 
from 20 to 50 % (15). Selective decontaminat ion 
of the digestive tract has been proposed because 
nosocomial infections are usually due to microor- 
ganisms found in the digestive flora of  the 
patients. In the present  study we assessed the im- 
pact on the digestive flora of a selective decon- 
tamination regimen for the lower digestive tract 
without oropharyngeal  paste or parenteral  sys- 
temic antibiotics. The  choice of polymixin E, gen- 
tamicin and amphotericin B is based on the re- 
sults obtained in previous studies (1--4, 6, 7). The  
aminoglycoside gentamicin was chosen because it 
is cheaper  than tobramycin in France and it had 
been successfully used by Unertl  et al. (2). Our  
patients had a prolonged ICU stay and a high risk 
of developing nosocomial infections, particularly 
with resistant strains, and should be appropriate 
subjects for such a preventive treatment.  When a 
topical t rea tment  is not used, the digestive flora 
remains predominantly colonized with Escheri- 
chia coli, and other A G N B  appear  progressively 

during the ICU stay (1-3). We found that the topi- 
cal regimen was accompanied by a decrease in 
Escherichia coli but not in o ther  A G N B.  This 
decrease in Escherichia coti is in accordance with 
the findings of other  studies on SDD (1-3), but 
the persistence of A G N B  has not been reported 
previously. 

One explanation for this could be that the topical 
and systemic antibiotics used by o ther  authors (1-  
4, 6) contributed to fecal decontamination.  How- 
ever, we found colonization in only 9 % of the gas- 
tric samples, due to either the local acidity or the 
antibiotics administered in the stomach. In addi- 
tion, only 38 % of the fecal samples were colo- 
nized with the same bacteria recovered in the oro- 
pharynx in the four preceding days. ParenteraI 
antibiotics were not  used systematically in our 
study but most patients received a beta-lactam 
during the first week of their ICU stay. Moreover,  
the kinetics of the two antibiotics administered in 
most of  the previous clinical studies (cefotaxime 
and tobramycin) does not support  an important  
role for these agents in decreasing fecal coloniza- 
tion: biliary concentrations of cefotaxime are usu- 
ally < 2 ~g/ml after intravenous injections of 1 g 
every 6 h (16), and the increase in fecal levels ob- 
tained with intravenous tobramycin should be 
negligible compared to those obtained with 
enteral tobramycin.  

The efficacy of SDD in this population might 
have been diminished by the high proport ion of 

Table 2: Minimal inhibitory concentrations and inhibitory quotients for 17 sensitive strains present in 
the stools. 

Strain MIC 0ag/ml) Inhibitory quotient 

PolymixinE Gentamicin PolymixinE Gentamicin 

Escherichia coli 
Pseudomonas aeruginosa 
Pseudomonas aerughzosa 
Pseudornonas aeruginosa 
Pseudomonas aeruginosa 

1 0.5 6 0 
4 8 2 0 
4 64 7 5 
4 64 3 0 
4 64 5 4 

Escheridlia coli 0.5 0.25 300 44 
Escherichia coli 1 0.5 1,055 216 
Escherichia coli 1 0.25 29 416 
Enterobacter aerogenes 0.5 0.5 56 614 
Klebsiella pneumoniae 1 8 43 2 
Proteus morganii > 64 1 1,248 
Proteus rnorganii > 64 1 1,757 
Pseudomonas aeruginosa 4 16 38 1 
Pseudomonas aeruginosa 8 4 4 26 
Pseudomonas aeruginosa 4 32 15 55 
Pseudomonas aeruginosa 4 > 64 41 
Pseudomonas aeruginosa 4 > 64 15 
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patients already colonized with resistant bacteria 
before starting SDD. The initial bacterial dis- 
tributions were similar in patients present in a 
hospital ward before their ICU stay and in 
patients directly admitted from home. Another 
main concern is the acquired resistance of the 
colonizing bacteria to the antibiotics we used. 
Even though streptococci and enterococci can 
produce nosocomial infections, their presence 
should not be considered a failure of SDD, as 
these strains are not within the spectrum of this 
regimen. The decontamination, however, may in- 
duce an overgrowth of such strains: 50 % of the 
staphylococci were initially susceptible to gen- 
tamicin, but all of the strains were resistant to this 
antibiotic as early as day 4 of SDD. This result, as 
well as the progressive increase in resistance of 
AGNB to polymixin E and gentamicin, was prob- 
ably due to a selection of resistant strains by the 
antibiotics, as many cultured bacteria are natu- 
rally (Serratia marcescens, Proteus morganii, 
gram-positive cocci) or frequently (Pseudomonas 
aeruginosa, Acinetobacter calcoaceticus) resistant 
to at least one of these antibiotics. The possibility 
of exogenous colonization of the gut during SDD 
is unprobable in this study, as the gastric samples 
were almost always sterile. 

Among the patients in whom fecal antibiotic 
levels could be assessed, levels of both polymixin 
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Figure 2' Inhibitory quotients of polymixin E and genta- 
micin for the fecal gram-negative bacteria sensitive to poly- 
rnixin E or gentamicin (MIC < 4 ~ag/ml). 

E and gentamicin were < 20 lag/g in 24 % of the 
stools, explaining the inefficacy of SDD in some 
of the patients. Regarding the possibilitythat an- 
tibiotics were removed from patients submitted 
to gastric suctioning, we found that great amounts 
of antibiotics in the gastric juice were rarely ob- 
served, indicating that the method of drug admin- 
istration was adequate. 

Finally, the antibacterial activity of polymixin E 
and/or gentamicin might have been altered by 
drugs present in the stools or by the stools them- 
selves. Of the 38 samples from 15 patients who 
had a volume of stools sufficient to assess the anti- 
biotic level, only 24 % were sterile, whereas 55 % 
were colonized with strains sensitive to at least 
one of the antibiotics used, the presence of such 
antibiotic being demonstrated in the same 
sample. Moreover, the inhibitory quotient for at 
least one antibiotic was > 10 for 12 of 17 strains. 
This could reflect the increase in MICs and MBBs 
of polymixin E and aminoglycosides for most spe- 
cies, possibly due to the presence of human feces, 
as was observed in an in vitro study by Van Saene 
et al. (17). In aminoglycosides this increase may 
be due to their capacity to bind to nucleic acids or 
to inactivation caused by acidity, by an anaerobic 
environment (18), or by the presence of calcium, 
which impairs the membrane potential of the bac- 
teria (19). 

The antibacterial properties of polymixin E are 
reduced in the presence of calcium and of normal 
stools (20). In addition, aminoglycosides could 
have been inactivated by sucralfate, a non ab- 
sorbed drug used in most of our patients to 
decrease the risk of stress hemorrhage (11). This 
interaction in vivo remains hypothetic, as no clini- 
cal study about it has yet been published and this 
point was not addressed by our study. 

The decrease in activity of antibiotics due to feces 
observed in vitro by Van Saene et al. (17) was 
lower for tobramycin than for gentamicin regard- 
ing Pseudomonas aeruginosa and Acinetobacter 
calcoaceticus, but not regarding Escherichia coli, 
Klebsiella pneumoniae, Enterobacter aerogenes 
or Proteus morganii. In the present study these 
last four species were found more frequently in 
the feces in the presence of gentamicin (11 cases) 
than Pseudomonas aeruginosa and A cinetobacter 
calcoaceticus (5 cases), indicating that the use of 
gentamicin is not likely to have influenced the re- 
suits. 

In conclusion, we obtained a slow eradication of 
Escherichia coli and no decrease in colonization 
with other more resistant gram-negative or gram- 
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posi t ive strains in the feces using gastric decon-  
taminat ion .  These  results can be  a t t r ibuted to the 
p resence  of  strains resis tant  to the  antibiotics 
used before  s tar t ing the  t r ea tment ,  to  ove rg rowth  
of  such resis tant  strains dur ing  S D D ,  or  to the ab- 
sence o f  antibiot ics in the  feces due to p o o r  
gastroinstes t inal  transit.  Finally, the s imul taneous  
p resence  o f  ant ibiot ics  and  sensitive bacter ia  in 
the stools  may  reflect an inact ivat ion of  the anti- 
biotics by the  feces. O n  the basis of  these findings 
we r e c o m m e n d  tha t  fecal colonizat ion of  pat ients  
unde rgo ing  S D D  be carefully mon i to red  in o rde r  
to de tec t  the  fecal carr iage o f  gram-posi t ive  and 
mult i res is tant  g ram-nega t ive  bacteria.  
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