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A b s t r a c t .  Chronic microaspiration through a tracheal 
cuff  is the main culprit in the penetration and coloniza- 
tion of the lower respiratory tract. A total of  145 patients 
intubated for more than 3 days were randomly assigned 
to a double nosocomial pneumonia  (NP) prevention: 1 - 
Prevention of  aspiration by hourly subglottic secretion 
drainage (SSD) with a specific endotracheal tube (HI-LO 
Evac tube, Mallinckrodt); 2 - Prevention of  gastric colo- 
nization using either sucralfate or antacids. Four random 
groups were defined, similar in age and severity of  illness. 
Subglottic secretion drainage treatment was associated 
with: a) a twice lower incidence of NP (no-SSD: 29.1%, 
SSD: 13%); b) a prolonged time of  onset of  NP (no-SSD: 
8.3_+5 days, SSD: 16.2+ 11 days); c) a decrease in the col- 
onization rate from admission to end-point day in 
tracheal aspirates (no-SSD: + 21.3 %, SSD: + 6.6%) and in 
subglottic secretions (no-SSD:+33.4%, SSD:+2.1%).  
Sucralfate was not associated with a significantly lower 
incidence of NP (antacids: 23.6%, sucralfate: 17.8%), but 
with a lower increase in the colonization rate in subglottic 
and gastric aspirates, from admission to end-point day. 

K e y  w o r d s :  Nosocomial  pneumonia  - A s p i r a t i o n  - In- 
tubation - Subglottic space - Ulcer prophylaxis 

Nosocomial  pneumoniae (NP) in ICU-intubated patients 
have two different etiological mechanisms. In the 70s, a 
predominantly exogenous origin was revealed [1, 2]. This 
oxygenous route of  transmission is now better controlled. 
Presently, endogenous origin is the main source of  pul- 
monary  infection. There is a direct relationship between 
upper gastrointestinal, oropharyngeal colonization and 
the occurrence of pneumonia  [3-5] .  

Multiple mechanisms are proposed to explain pene- 
tration of microorganism in the lower respiratory tract. 
Considering ail of  them, chronic microaspiration through 
the tracheal cuff  is the best known mechanism, often 

minimized and neglected in NP prevention studies [6, 7]. 
Inflation of  tracheal cuffs does not prevent aspiration 
and there is stasis of  contaminated mucous and secretions 
between the superior edge of  the cuff and the glottis. 
During long-term intubation, these secretions gain im- 
portance and become a major  source of  colonization 
and/or  infection of the lower respiratory tract. 

The aim of  the study is to evaluate the prevention of  
nosocomial pneumoniae by limiting tracheal, subglottic 
and gastric colonization by two different modes: 
1) Prevention of aspiration by mechanical drainage of  
subglottic secretions (SSD) above the tracheal cuff. 
2) Prevention of gastric colonization by prophylaxis of  
ulcer bleeding, in concordance with recent studies report- 
ing lower rates of  pneumoniae in patients given a cyto- 
protective agent because of  its acid and antibacterial 
effect [8, 9]. 

M e t h o d s  

Modes of prevention evaluated 

a) Subglottic secretions drainage: Drainage of subglottic secretions 
(SSD) was performed with a specific endotracheal tube (HI-LO EVAC 
tube, Mallinckrodt), which incorporates a dorsal separate lumen ending 
in the subglottic area by means of a large elliptical dorsal opening above 
the cuff (Fig. 1). In intubated patients, the subglottic space is defined 
by the wall of the endotracheal tube anteriorly, the tracheal skeleton 
posteriorly, the glottus superiorly and the tracheal cuff inferiorly. All of 
the patients were intubated with this particular tube. Intra-cuff pressure 
was monitored every 8 h and kept up to 30 mmHg. Subglottic drainage 
was performed hourly with a 10ml syringe, accompanying hourly 
tracheal drainage, without any specific timing between both types of 
drainages; if subglottic drainage was negative, a repeat drainage was 
again attempted after injection of air in the evacuation lumen. 

b) Stress ulcer prophylaxis: Each patient was assigned either an ant- 
acid (aluminum hydroxide) prescribed in 20 ml/6 h, or a cytoprotective 
agent (sucralfate) prescribed in 1 g/6 h. Both regimens were adminis- 
tered via a nasogastric tube. Gastric pH was assessed every 6 hours di- 
rectly before administration of the assigned drug. When continuous 
enteral nutrition was performed, stress ulcer prophylaxis was main- 
tained but gastric pH measures were discontinued. No selective decon- 
tamination of the digestive tract was performed. 



Incorporated 
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Subglotfic area: Volume = 3,6_+2ml 
Fig. 1. Specific endotracheal tube allowing subglottic secretions drain- 
age; HI-LO EVAC tube (Mallinckrodt) 

Study protocol 

The main inclusion criterion was probability of intubation for more 
than 3 days. Causes of primary or secondary exclusions are listed in 
Fig. 2. A single blind randomization was performed within 12 h of ad- 
mission according to a simultaneous and independent dual randomiza- 
tion. The first randomization involved mechanical SSD versus no-SSD. 
The second randomization involved ulcer prophylaxis with aluminum 
hydroxide versus sucralfate. At the end, 4 random classes were defined. 
These classes are listed on Fig. 2. 

Data collection and definitions 

Upon the first 3 days of admission and every 2 days following the initial 
collection, gastric (GA), subglottic (SSD) and tracheal aspirates (TA) 
were obtained. A bronchoalveolar lavage (BAL) was performed if an in- 
filtrate appeared on chest X-ray. Gram stains were examined and consid- 
ered purulent if showing more than 25 leukocytes and less than 10 squa- 
mous epithelial cells per power field. Qualitative and quantitative cul- 
tures of aerobic pathogens were performed on each aspirate. We ana- 
lyzed the colonization rate outcome in the 3 sites. When enteral nutri- 
tion was performed, gastric samples for bacteriologic cultures were dis- 
continued and the patient was excluded from the analysis of the gastric 
colonization rate outcome. 

The bacterial clinical status of each patient was established on ad- 
mission by separating patients into 4 diagnostic categories: 1 - The 
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non-colonized patients (sterile tracheal aspirate (TA)), 2 - Colonized 
patients (no purulent drainage but colonized TA), 3 - Purulent 
tracheobronchitis (purulent and colonized TA), 4 - Primary pneumo- 
nia (community-acquired pneumonia or nosocomial pneumonia on 
ICU admission). 

A new and persistent infiltrate on the chest X-ray occurring after 2 
days of intubation was considered as nosocomial pneumonia, with an 
aerobic microorganism on BAL more or equal 10.5 cfu/ml. In the first 
2 days, it was considered to be an early pneumonitis and included with 
primary pneumonia. 

The preventive role of SSD was analyzed, first by the incidence of 
pneumonia according to the bacterioclinical status on admission, and 
second, by the colonization rate study on both sides of the cuff and in 
gastric juice on day i, 2, 3 and on end-point day defined by extubation, 
death or NP occurrence. 

The role of stress ulcer prophylaxis on nosocomial pneumonia was 
analyzed, by correlating the NP incidence with the colonization study 
from day 1 to end point day in gastric, subglottic and tracheal aspirates. 

Statistical analysis 

Data were expressed as mean___standard deviation for quantitative val- 
ues or as a percentage of the population study. Continuous variables 
were compared using ANOVA test and categorial variables using Fish- 
er's exact test or adjusted chi-square if necessary. We analysed the two 
modes of NP prevention as a two fixed crossed factors model; we tested 
first the interaction between the two factors with its absence allowing 
us to analyze the independent effect of each one. The actuarial survival 
rate curves for the occurrence of NP were compared using the Kaplan- 
Meier method. 

Results 

Study population 

415 consecutive patients were admitted to the ICU during 
a period spanning over 14 months; 327 patients (80%) 
were intubated on admission and 158 of  them were ran- 
domly selected on the probability of intubation for more 
than 3 days; 13 were then excluded because of  death 
(n = 5) or extubation (n = 8) before day 3. Demographic 
data of the study population and details on the excluded 
population are available in Table 1. The mean number of  
days on intubation was 10.4+ 16.8 for the total intubated 
patient group and 16_+ 16 for the study group. The severi- 
ty of acute illness was evaluated by the simplified acute 
physiology score (SAPS) from Legall [10]. The 4 random 
classes were identical according to the demographic data 
(age, SAPS, number of days of  intubation, medical/surgi- 
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Table 1. Demographic data of  the study population 

Included Excluded 
n = 145 n = 270 

Age 57.9+ 18.5 * 54.1 + 13.8 
Male sex 105 (72070) 168 (62070) 
Medical 67 (46070) 136 (50070) 
Surgical 78 (54070) 134 (50070) 

+ Emergency 32 (41070) 30 (22.507o) 
+ Elective and/or  21 (27070) * 86 (64070) 
complicated surgery 

+Polyt rauma 25 (32070) 18 (13.5070) 
SAPS (points) 15.3 + 4.9 ** 12.3 + 6.8 
ICU stay (days) 21.5 _+ 20 ** 5.9 + 6.7 
Mortality 33 (22.807o) 47 (17.4%) 

Table 2. Incidence of  nosocomial pneumonia, according to the two 
modes of prevention used 

Antacids Sucralfate 
n = 72 n = 73 

no. S S D n = 7 5  

SSD n = 70 

31.5070 24.3% 
(12/38) (9/37) 

n s  

14.7% 11.1070 
(5/34) (4/36) 

29.1% 
(21/75) 

12.8% 
(9/70) 

23.6~ ns 17.8% 
(17/72) (13/73) 

SSD: subglottic secretion drainage; *: p<0 .05 ,  ns: non significant 

* = p < 0.01; ** = p < 0.001; figures in parentheses are % of each group 

cal admission, mortality). There were 27 patients who 
were enterally fed with a comparable distribution (antac- 
ids group n = 13; sucralfate group n = 14). Stress ulcer 
bleeding developed in 3 patients (2 in antacid group, 1 in 
sucralfate group). There were 33 patients who died in the 
unit (10/38 in antacid-no SSD group, 6/37 in sucralfate- 
no SSD group, 6/34 in antacid-SSD group and 11/36 in 
sucralfate-SSD group). 

Incidence of nosocomial pneumonia 

a) General incidence: 42 NP occurred in the ICU during 
the course of  the study (10%), with an incidence of  
12.5% in the intubated and tracheostomised group 
(n = 336) and 24.3% in patients intubated for more than 
3 days (n = 173). There were 30 NP occurring in the study 
group (20.7%) and 12 NP in the excluded group. Five 
cases of early pneumonitis occurred within the first 2 
days and were included in the primary pneumonia group. 

b) Microbiological data: of  the 30 NP, evaluated by 
bronchoalveolar lavage (BAL), a total of 42 microorgan- 
ism were cultured; there were 19 monomicrobial and 11 
polymicrobial NP, the latter occurring only in the antacid 
group. 28 Gram-negative bacteria were cultured with 17 
enterobacteriaceae (5 Proteus sp., 5 Klebsiella sp., 4 E. 
coli, 2 Citrobacter freundii, 1 Enterobacter cloacae) and 
11 non fermenting rods (8 Pseudomonas sp., 3 Acineto- 
bacter sp.); 70% of  all episodes of  pneumonia included 
at least one Gram-negative bacillus. The other noso- 
comial pathogens were 11 Gram-positive cocci (10 Staph. 
aureus, 1 group D streptococcus) and 3 Candida 
albicans. 

c) Role of  NP prevention: The statistical analysis of  
the 30 NP occurring in the study group showed a differ- 
ence in the incidence of NP among the 4 groups (Table 
2). However, this difference was not significant when we 
looked at the two modes of prevention, subglottic preven- 
tion versus ulcer prophylaxis. The hourly subglottic secre- 
tion drainage showed a significantly decreased incidence 
of  NP at 13% in the SSD group as opposed to 29% in 
the no-SSD group. On the other hand, sucralfate with an 
incidence of  17.8% did not significantly decrease the NP 
occurrence when it was compared to the 23.6% incidence 
in the antacid group. 

d) The time delay till occurrence of  NP: The 30 NP 
occurred with a mean delay of 10.7+8 days. There was a 
statistical difference with a delay of 8.3 + 5 days in the no- 
SSD group as opposed to the 16.2+11 days in the SSD 
group (p<  0.05). There was no difference, however, be- 
tween the antacid and sucralfate group with a respective 
delay o f ' 9 + 7  days and 12.9_+9.7 days. These data were 
confirmed by the comparison of  actuarial survival rates. 
The cumulative proportion of  nosocomial pneumonia- 
free patients was not different according to the two 
modes of NP prevention (p = 0.09 with a log rank test); 
it was significantly higher in the SSD group when com- 
pared to the no-SSD group (p = 0.04 with log rank test); 
the actuarial survival rates were similar in the sucralfate 
group and in the antacid group (p = 0.28 with log rank 
test). 

e) Role of  diagnostic categories on admission: there 
was no statistical difference between the 4 diagnostic cat- 
egories as to the NP occurrence. There was an incidence 
of  17% in the non-colonized group, 25~ in the colonized 
group, 29% in the tracheobronchitis group and 19~ in 
the primary pneumonia group. The role of subglottic 
drainage was analyzed in relation to this tracheo-bronchi- 
al status on admission. The drainage effect (Table 3) was 
dramatically associated with a lower incidence of pneu- 
monia especially in the non-colonized group (SSD: 5%, 
no-SSD: 27o70), as well as in the tracheobronchitis group 
(SSD: 9~ no-SSD: 100%). 

Bacterial colonization and modes of prevention 

Bacteriological study, with an analysis of colonization 
rate outcome in the tracheal and subglottic aspirates 

Table 3. Incidence of NP depending on diagnostic categories on admis- 
sion: role of subglottic secretions drainage 

Diagnostic categories on 
admission 

Nosocomial pneumonia 

no. SSD n = 75 SSD n = 70 

Non-colonized n = 47 7/26 (27) 1/21 (5) 
Colonized n = 36 6/21 (29) 3/15 (20) 
Tracheobronchitis n = 14 3/3 (100) * 1/11 (9) 
Primitive pneumonia n = 48 5/25 (20) 4/23 (17) 

*: p<0 .05 ;  X2 = 9.8, adjusted relative risk = 2.28; figures in paren- 
theses are percentage of group 
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showed for all patients a progressive increase from day 1 
(TA: 57.3o7o, SSD: 55.2%) to end-point day (TA: 71%, 
SSD: 75%). There was no difference between the two sites 
in relation to the colonization level outcome. On the oth- 
er hand, in gastric aspirates, there was a decrease of  the 
contamination rate, in patients receiving parenteral nutri- 
tion, from day 1 (56.9O/o) to end-point day (43.9o/o). 

The preventive role of subglottic drainage (Fig. 3) was 
analyzed by the colonization rate outcome from day 1 to 
end-point day. In tracheal aspirates the contamination 
rate increased from 50.7% to 72% in the no-SSD group 
(+21.3%, p<0.025)  and from 64.8% to 71.4% in the 
SSD group (+6.6%, NS). In subglottic secretions the 
contamination rate increased from 50% to 83.4% 
(+33.4%, p<0.001)  in the no-SSD group and from 61~ 
to 63.2% (+2.2%, NS) in the SSD group. 

On end-point day 103 patients (70%) had tracheal 
colonization with 127 microorganisms; 108/127 were 
identical on both sides of  the cuff, and 19 were never cul- 
tured from subglottic secretions (including 16 non-fer- 
menting GNB). At end-point, out of  the 42 nosocomial 
pathogens cultured from the 30 NP, 36 were identical on 
both sides of  the cuff and 6 were never cultured from 
subglottic secretions (including 4 non-fermenting GNB). 
The nosocomial pathogen appeared in subglottic secre- 
tions at a mean of  3.6+_2.7 days (n = 24) before the day 
of  pneumonia in the no-SSD group, and 8.1+7 days 
(n = 12) in the SSD group (p<0.05). 

To study the influence of  subglottic secretion drainage 
on gastric colonization, we compared the colonization 
outcome from day 1 to end-point day in gastric juice. In 
both groups there was a non-significant decrease in the 
contamination rate. The no-SSD group showed a de- 
crease from 57.6~ to 49.2% ( -8 .4%,  NS) and the SSD 
group a decrease from 56.1% to 38.6% ( -17 .5%,  
p = 0.06, NS). 

Then we studied, using the same methods, the role of  
ulcer prophylaxis on the rate of  colonization from admis- 
sion to end-point day in tracheal, subglottic and gastric 
aspirates (Fig. 4). In tracheal aspirates, the contamination 
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rate increased from 58.3% on day 1 to 72.2% on end- 
point day in the antacid group (+ 13.9%, NS), and from 
56.2% to 69.9% in the sucralfate group (+ 13.7%, NS). In 
subglottic secretions the contamination rate increased 
from 50.7% to 77.1% in the antacids group (+26.4%, 
p<0.025)  and from 59.7% to 70.8% in the sucralfate 
group (+ 11.1%, NS). In gastric juice there was a decrease 
of  the colonization level from 52.6% to 45.6% in the ant- 
acid group ( - 7 % ;  NS) and from 61.7% to 41.7% in the 
sucralfate group ( -  20%, p < 0.05). 

Gastric aspirates over the first 5 days remained sterile 
in 11 patients in the antacid group as opposed to 25 pa- 
tients in the sucralfate group. There were 26 patients in 
the antacid group showed gram-negative colonization are 
opposed to 13 patients in the sucralfate group. 

Gastric mean pH measures were available in 75 pa- 
tients, with simultaneous data on day 1, 2, 3 and on end- 
point day (35 in antacid group and 40 in sucralfate 
group); in the antacid group 68.5% of  the patients on day 
1, 77% on day 2, 80% on day 3 and 60% on end-point 
day had a gastric mean pH > = 4. In the sucralfate group, 
the distribution was respectively 82.5% on day i, 62.5% 
on day 2, 45% on day 3 and 57.5% on end-point day. 

Discussion 

In the pathogenesis of  endogenous ventilator-associated 
NP, the relationship between the colonization of  gastric, 
oropharyngeal and tracheobronchial spaces and the de- 
velopment of pneumonia is well established [4, 11, 12]. 
Bacteria get into the lungs by different ways, but aspira- 
tion past the endotracheal cuff is the main mechanism by 
which, in intubated patients, the lower respiratory tract is 
colonized. Huxley [13] showed that 45% of  normal sub- 
jects had repeated aspirations during deep sleep. This in- 
cidence increased with 70% in patients with a depressed 
consciousness. Using dye to detect aspiration, it has been 
reported that aspiration was a common occurrence in pa- 
tients with artificial airways, with an incidence of  20% to 
40% [6, 7] in patients with high volume-low pressure 
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cuffed tracheal tubes. In patients intubated for more than 
3 days, an incidence up to 77% with more than one aspi- 
ration at some time during the study was reported [7]. 

The inability of cuffs to provide a consistent mechani- 
cal barrier to aspirations of subglottic secretions has been 
proved [14]; minimal cuff pressure of about 25 cmH20 
may be necessary to protect against aspirations [15]. 

The subglottic space is in a key position: oropharyn- 
geal and/or gastric secretions gather in this area at the 
deepest point and cannot be removed by usual suction 
methods of the pharynx and the trachea. The volume of 
this space has been measured [16] in tracheostomised pa- 
tients with a capacity of 10.5 +_ 5 ml, and with smaller vol- 
umes of 3.6_+2 ml in nasotracheal intubation. The hourly 
subglottic drainage with, at the same time, tracheal drain- 
age was performed without technical problems and was 
facilitated in conscious patients by voluntary swallowing; 
Surprisingly, we found out that quantities of secretion re- 
moved in this way can reach up to 100-150ml/24h. 

Our criteria to define NP have been used in previous 
studies [17] but bacteriologic data, to confirm the micro- 
organism involved, were collected on the bronchoalveolar 
lavage instead of tracheal aspirates. We found a 24% inci- 
dence of NP in patients intubated more than 3 days in 
agreement with results reported in literature with a wide 
range from 9 o  to 27% depending on bacteriological 
methods used [18-21]. 

The prevention of microaspirations with subglottic 
drainage reduced by half the incidence of NP, with 21 
pneumonia (29%) in the no-SSD group against 9 pneu- 
monia (13o70) in the SSD group. When a pneumonia oc- 
curred, the subglottic drainage caused an increase by two- 
fold of the mean delay of NP occurrence, which was 8 
days in the no-SSD group opposed to 16 days in the SSD- 
group. 

The tracheobronchial bacterioclinical status showed 
on admission 1/3 non colonized patients, 1/3 colonized 
and 1/3 with a primitive pneumoniai There was no differ- 
ence between these groups on the occurrence on NP. The 
same analysis according to the mode of prevention, illus- 
trated on Table 3, showed a NP preventive role of subglot- 
tic drainage in the non colonized group and in colonized 
patients, especially those with a purulent tracheobron- 
chitis. There was no effect in patients with a primitive 
pneumonia, partly due to difficulties to diagnose 
superinfection in this group. 

The bacteriological study on each day showed the 
same contamination level on both sides of the tracheal 
cuff. The endogenous route of contamination with an 
upperway-to-tracheal transfer of bacteria via tracheal 
cuff was confirmed by identity of the colonized pathogen 
on both sites of tracheal cuff. At end-point day, identical 
pathogens were cultured in tracheal and subglottic aspi- 
rates in 85% of cases. There were 19 micro-organisms 
which never had ben cultured before in subglottic secre- 
tions including 16 non-fermenting GNB. The primary 
tracheal colonization with these latter organism without 
a need for an initial upper airway colonization was re- 
ported [1, 9, 22] and explained by a particular tropism 
and a preferential bacterial adherence of non fermenting 
rods to the tracheal epithelial cells [23]. 

The mechanism of the subglottic drainage effect was 
explained by a lack of increase of the colonization level 
in subglottic and tracheal aspirates. In the no-SSD group 
the increase of colonization rate from admission to end- 
point day was of +33.4% in subglottic secretions and 
+21.3070 in tracheal aspirates. In the other hand, in the 
SSD group, the drainage effect was associated with a sta- 
ble colonization level with an increase of only +2.1% in 
subglottic secretions and +6.6% in tracheal aspirates. 
There was also a delayed effect on the emergence of the 
micro-organism in the lower respiratory tract. The analy- 
sis of micro-organisms involved in the nosocomial pneu- 
monia confirmed, like other studies [11, 24], a preceeding 
oropharyngeal and subglottic colonization by the 
nosocomial pathogen; there were 36 nosocomial mi- 
cro-organisms of the 42 involved in the NP which had 
been cultured on both sides of the tracheal cuff; they were 
isolated 3.6+2.7 days before the day of the pneumonia, 
in the no-SSD group, and 8.1 +7 days in the SSD group. 
This observation explains the two-fold delay in time of 
occurrence of pneumonia in the SSD group. 

The cost of the endotracheal tubes used in this study 
was 25~ higher, compared to the regular high pressure- 
low volume tubes used. Time required to subglottic drain- 
age did not exceed 10 min per day for one patient. 

Recent studies support the role of gastric colonization 
in retrograde colonization of the oropharynx and trachea 
[3, 5 -  9]. Sucralfate appears to provide protection against 
stress bleeding similar to that of antacids and H2-block- 
ers [25-27]. Lower rates of pneumonia occuring in pa- 
tients receiving sucralfate has been reported [8, 9]. In the 
study of Tryba, a three-fold lower rate of NP was report- 
ed. However out of the 100 studied patients, 39 were 
withdrawn because of thoracic trauma or pneumonia on 
admission. In the study of Driks a twice lower rate was 
reported, which fell short of the statistical significance. In 
our study, the rate of 17.8~ in sucralfate group was not 
statistically different from the 23.6% rate in the antacid 
group. In our opinion studies advocating sucralfate ad- 
ministration versus antacids did not sufficiently insist on 
the role of volume of antacids required to remain gastric 
pH > = 3.5-4. This volume can amount up to 480 ml per 
day if prescribed every 2 h, while sucralfate requires 
nasogastric instillation of 20 ml every 6 h. A recent study 
concerning nosocomial pneumonia and the role of gas- 
tric pH [28] insisted on the effect of gastric volume on the 
incidence of nosocomial pneumonia. It is an important 
risk factor for aspiration especially in patients with para- 
lytic ileus. Differences between sucralfate and antacid 
therapy are partly explainable by differences in gastric 
volume, the antibacterial effect of sucralfate on gram- 
negative bacilli [29] and gastric bacterial overgrowth 
when pH was maintained above 3.5 with antacids. Low 
doses of antacids used in this study are open to criticism 
as to the efficacy to increase gastric pH> = 3.5. This 
could explain in part the lower differences of NP inci- 
dence. On the other hand, the effect of gastric volume 
was the same with a 20 ml doses regimen of antacids or 
sucralfate every 6 h. Monitoring of gastric pH was not 
continuous but was done on a daily basis. Over the first 
three days, the distribution of patients with gastric pH 
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value of 4 or above in the sucralfate group decreased from 
82.5~ to 45O7o (p<0.001). On the other hand, and de- 
spite low doses of  antacids administered, the gastric pH 
values increased from 68.5O7o on day 1 to 80O/o (NS) on 
day 3. Driks [9] reported that qualitative and quantitative 
gastric colonization with gram-negative bacilli was signif- 
icantly lower in patiens given sucralfate. In the same way, 
we found an effect of  sucralfate on the colonization level 
in gastric and subglottic secretions, but not in tracheal as- 
pirates. In gastric aspirates, from admission to end-point 
day, in patients without enteral nutrition, there was a sig- 
nificant decrease of the contamination level with a de- 
crease of 20~ (p < 0.05) in sucralfate group opposed to 
a lower decrease of  7~ in antacid group. On the other 
hand, increase of  the contamination level in subglottic 
secretions was lower in sucralfate-treated patients 
(+ 11.1 o70, NS) than in antacids-treated patients 
(+26.4%, p < 0.025). In tracheal aspirates, increase of  the 
colonization rate was comparable with an increase of 
13.9% in sucralfate group and 13.7% in antacid group. 
The mechanism of  sucralfate protection in gastric juice 
can be explained by its antibacterial effect resulting in 
sterile gastric aspirates in 25 patients over the first 5 days 
as opposed to 11 patients in the antacid group. The other 
explanation would be an overgrowth of  gram-negative ba- 
cilli in 26 antacid-treated patients versus 13 patients in the 
sucralfate group. 
Acknowledgements. M. Kouri, FRCP, University Hospital of Saska- 
toon, Canada. 
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