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Abstract
Background. Feeding therapy constitutes a factor which modulates the immunological, metabolic, and hemody−
namic reactions of the system to trauma and infection in critical conditions. Early enteral feeding can cause an
increase in gastric residual capacity, alkalization of gastric contents, and intensification of gastric bacterial colo−
nization, increasing the risk of complications in the form of ventilator−associated pneumonia (VAP).
Objectives. The aim was to evaluate the effect of enteral feeding using the continuous or intermittent method on
the development of ventilator−associated pneumonia as well as a quantitative and qualitative analysis of microor−
ganisms isolated from material obtained from the gastric contents and upper and lower airways using the protect−
ed specimen brush method. 
Material and Methods. The prospective randomized study included 40 patients (13 women and 27 men, aged
18–75 years), divided into two groups: I (n = 20) undergoing intermittent enteral feeding (IEF) and II (n = 20) with
continuous enteral feeding (CEF). Evaluation included daily changes in the pH value of the gastric contents ana−
lyzed using a nonparametric Wilcoxon test and VAP incidence using the Fisher exact test. Quantitative and quali−
tative analysis was carried out on the microorganisms isolated as indicated above.
Results. A statistically significant decrease in the pH value of the gastric contents during nocturnal hours of feed−
ing was noted in group I (p < 0.01). The results for group II did not demonstrate any statistically significant
changes. During the sixth day of treatment, group II (CEF) patients showed a larger increase in the number of
species and types of microorganisms isolated from the gastric contents as well as the frequency of isolation than
group I (IEF) patients. The incidence of VAP in group I and group II patients did not differ in a statistically sig−
nificant way (p > 0.05). Gram−negative bacteria constituted 61.5% of the isolated microorganisms.
Conclusions. Enteral feeding in patients undergoing mechanical ventilation is connected with gastric bacterial colo−
nization, dominated by Gram−negative bacteria. The intermittent enteral feeding method is a factor limiting bacterial
colonization by decreasing the pH of the gastric contents during the nocturnal interval. However, it does not decrease
the risk of ventilator−associated pneumonia in a statistically significant way (Adv Clin Exp Med 2007, 16, 3, 365–373).
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Streszczenie
Wprowadzenie. Leczenie żywieniowe jest czynnikiem modulującym reakcje ustroju: immunologiczną, metabo−
liczną i hemodynamiczną na uraz i zakażenie w stanach krytycznych. Wczesne żywienie dojelitowe może powo−
dować wzrost żołądkowej objętości zalegającej, alkalizację treści żołądkowej oraz nasilać kolonizację bakteryjną
żołądka, zwiększając ryzyko powikłania w postaci respiratorowego zapalenia płuc. 
Cel pracy. Ocena wpływu żywienia dojelitowego metodą ciągłą lub przerywaną na rozwój respiratorowego zapa−
lenia płuc oraz analiza ilościowa i jakościowa populacji drobnoustrojów izolowanych z materiału uzyskanego
z treści żołądkowej, górnych i dolnych dróg oddechowych. 
Materiał i metody. Prospektywne randomizowane badanie obejmowało 40 chorych, podzielonych na 2 grupy:
I (n = 20) żywienie dojelitowe metodą przerywaną (IEF), II (n = 20) żywienie dojelitowe metodą ciągłą (CEF).
Oceniano zmiany dobowe wartości pH treści żołądkowej za pomocą nieparametrycznego testu Wilcoxona.



Nutrition therapy is an essential element of the
therapeutic management of patients in critical con−
dition. In addition to the primary goal, i.e. the sup−
ply of an appropriate amount of energy substrate
and proteins, nutrition therapy is also a factor
which modulates systemic reactions, including
immune, metabolic, and hemodynamic reactions to
injury and infection. The intestine has recently
been found to play a key role in critical patients as
one of the most important organs participating in
the systemic response to stress and infection [1].
The intestine forms a specific barrier between its
infected lumen and the external sterile environ−
ment. It is an essential section of the immune sys−
tem, marked by intense immune activity. The intes−
tine produces cytokines and a range of proinflam−
matory mediators which initiate systemic response
to injury and infection. It accommodates 50% of
the system’s pool of immune cells and secretes
18% of the total amount of immunoglobulins.

In sepsis, traumatic shock, and hemorrhagic
shock as a result of cytokine activity, the intestinal
mucosa and submucosa become swollen and the
height of the intestinal villi are reduced [1].
Consequently, necrosis develops, enterocyte apop−
tosis increases, while the activity of digestive
enzymes and intestinal hormones is reduced. The
blood flow through mesenteric vessels and the
portal system decreases as well. The continuity of
the intestinal barrier is broken, followed by
immune depression and bacterial colonization.

The intestinal barrier is made up of mucosa and
elements of the immune system, preventing translo−
cation. Pathological translocation in malnutrition is
always accompanied by bacterial colonization in
the intestine, stemming from superinfection and
antibiotic therapy. Translocation increases as
a result of intestinal ischemia, hypomyxia, and
reduced peristalsis. Proinflammatory mediators and
cytokines released from damaged cells cause sys−
temic inflammatory response syndrome, or SIRS.

It is currently believed that early total enteral
nutrition (TEN) is more effective and safer than
total parenteral nutrition (TPN) [1]. The presence of
food in the intestine is necessary for the local nutri−
tion of enterocytes and colonocytes. It induces the
secretion of digestive enzymes and intestinal hor−
mones, regulates the absorption of water and nutri−
tional substrates, and ensures correct immune activ−
ity and intestinal peristalsis. TEN increases blood
flow through the intestinal mesentery, prevents
mucosal atrophy, thus ensuring intestinal barrier
integrity, and protects against cholestasis and the
formation of stress−related ulcers. Furthermore, it
prevents sepsis and MODS (multi−organ dysfunc−
tion syndrome) as a systemic response to injury by
suppressing the translocation of bacteria and bacte−
rial toxins from the intestine to the cardiovascular
system. It reduces the mortality rate and cuts the
costs of treatment of critically ill patients by reduc−
ing the period of therapy. It also improves survival
in patients suffering from respiratory failure.

Gastric juice inhibits the process of bacterial
growth in the stomach and bacterial migration to
other sections of the digestive tract. An adequate−
ly acidic intragastric pH prevents retrograde colo−
nization of the respiratory tract in mechanically
ventilated patients. Nearly a half of IT (intensive
therapy) patients, according to Anzeuto and
Esteban, are treated with mechanical ventilation
(according to the European Prevalence of Infec−
tion in Intensive Care, EPIC, it is 64%). The etiol−
ogy of respiratory failure is often secondary.
Mechanical ventilation, however, is a significant
epidemiological factor determining the deteriora−
tion of the condition of critically ill patients.

VAP (ventilator−associated pneumonia) is
a type of hospital−acquired pneumonia occurring in
patients mechanically ventilated due to acute respi−
ratory failure. The incidence of VAP among adult
ICU patients is 3–52% [2]. An increase in the risk
of VAP in the adult ICU patient population
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Częstość VAP oceniono za pomocą testu dokładności Fishera. Przeprowadzono bakteriologiczną analizę ilościową
i jakościową drobnoustrojów izolowanych z materiału pobranego z treści żołądkowej, górnych i dolnych dróg dde−
chowych (metodą PSB – protected specimen brush). 
Wyniki. Badaniem objęto 40 chorych – 13 kobiet i 27 mężczyzn w wieku 18–75 lat. Istotne statystycznie obniżenie
wartości pH treści żołądkowej w godzinach nocnych żywienia stwierdzono w grupie I (p < 0,01). W grupie II (system
żywienia ciągły) wyniki nie wykazują zmian istotnych statystycznie. W 6. dobie leczenia obserwowano większy
wzrost liczby izolowanych z treści żołądkowej gatunków i rodzajów drobnoustrojów oraz częstości ich izolowania
w grupie II (CEF) niż w grupie I (IEF). Częstość występowania VAP w grupie chorych żywionych metodą ciągłą
(CEF) nie różniła się w sposób istotny statystycznie w stosunku do grupy żywionej metodą przerywaną (p > 0,05).
W materiale uzyskanym z treści żołądkowej bakterie Gram−ujemne stanowiły 61,5% izolowanych drobnoustrojów. 
Wnioski. Żywienie dojelitowe pacjentów wentylowanych mechanicznie jest związane z kolonizacją bakteryjną żo−
łądka, w której dominują bakterie Gram−ujemne. Żywienie dojelitowe metodą przerywaną jest czynnikiem ograni−
czającym kolonizację bakteryjną przez obniżenie pH treści żołądkowej podczas przerwy nocnej. Nie zmniejsza
jednak, w sposób istotny statystycznie, ryzyka występowania respiratorowego zapalenia płuc (Adv Clin Exp Med
2007, 16, 3, 365–373).

Słowa kluczowe: respiratorowe zapalenie płuc, żywienie dojelitowe, intensywna terapia.



amounts to 1% per one day of ventilation, with the
mortality rate in this group ranging between 13 and
55%. During prolonged mechanical ventilation, the
nasopharynx, sinuses, dentition, and stomach of
critically ill patients become colonized by patho−
genic bacteria [3]. Bacterially colonized secretions
accumulate around the nasopharynx and the sub−
glottal space, thus gaining access to the lower res−
piratory tract by leaking outside the intubation tube
cuff. If the host’s defense mechanisms are weak−
ened, pathogenic microorganisms multiply in the
lower respiratory tract, inducing inflammatory
response in the bronchioli and pulmonary alveoli.

The stomach is a potential reservoir of Gram−
−negative aerobic bacteria (GNB). The gastro−pul−
monary route of bacterial colonization is of prima−
ry significance in the pathogenesis of VAP. Under
physiological conditions, gastric acidity prevents
bacterial growth in the stomach. Reduced gastric
acidity increases the frequency of bacterial colo−
nization of the stomach. Enteral nutrition is one of
the risk factors stimulating bacterial colonization.
During enteral nutrition, dilutional alkalization
may also increase gastric colonization. An
increase in the volume of the gastric contents can
stimulate gastro−esophageal reflux, bacterial colo−
nization of the upper respiratory tract, and pul−
monary infection [4, 5]. Proper monitoring of the
nutritional status and residual gastric volume
according to the nutrition protocol and the use of
proper approaches, e.g. microjejunostomy for en−
teral feeding, can reduce the complications accom−
panying enteral nutrition [3].

One of the methods to prevent VAP is the
administration of intermittent enteral feeding
(18 hours with a 6−hour night break) in order to
obtain a temporary gastric acidity increase [4, 6].
In the study presented here an attempt was made to
demonstrate that intermittent enteral feeding is
a factor that limits bacterial colonization by reduc−
ing the pH of the gastric contents during the night
break and decreases the risk of pneumonia in
mechanically ventilated patients. The population
of microorganisms isolated from the material
obtained from the gastric contents and the upper
and lower respiratory tract was subjected to quan−
titative and qualitative analysis.

Material and Methods

The prospective randomized study included
40 patients treated at the Department of Intensive
Care and Pain Treatment of the Karol Marcin−
kowski University of Medical Sciences in Poznań
in the period from May 2004 to December 2005.
Following the acceptance of the Field Committee

of Ethics of Scientific Research at the University
of Medical Sciences in Poznań, mechanically
ventilated patients (aged 18–75 years) with an
anticipated ventilation period of a minimum of six
days were enrolled in the study. Patients with
digestive tract pathologies were excluded from
the study. The participants were divided into two
groups: 20 patients fed enterally using the IEF
method (intermittent enteral feeding, group I) 
18 h/d with a night break and 20 patients fed
enterally using the CEF method (continuous
enteral feeding, group II) 24 h/d without a night
break. 

The patients were evaluated on the Glasgow
Coma Scale (GCS, used to quantify the level of
consciousness) and the Injury Severity Score
(ISS). On the first, fourth, and sixth days of treat−
ment the patients were subjected to chest X−ray
and bacteriological tests of blood and material
obtained from the stomach, nasopharyngeal cavity,
and the tracheal/bronchial tree. Enteral feeding
(Nutrison formula by Nutricia, the Netherlands,
500–1500 ml/day) was commenced in the 24th hour
of therapy. Sucralfate (Ulgastran, Polfa, Poland),
a cytoprotective agent, was administered at a dose of
1 g every 4 hours. The study was completed on the
tenth day of treatment or after patient extubation.

The following VAP diagnostic criteria were
employed according to Denessen [7]: occurrence
in patients mechanically ventilated for over 48 h
of suspected infection of the respiratory tract,
body temperature above 38°C or below 35°C,
leukocytosis above 10 K/µl or below 3 K/µl, new
or increasing (during 24 h) parenchymatous
lesions in the chest X−ray image, auscultatory
changes typical of pneumonia, reduced oxygen
pressure in arterial blood gasometry PaO2, isola−
tion of pathogenic microorganisms from the mate−
rial obtained from: a) the lower respiratory tract
using the PSB method, the number of microor−
ganisms in the quantitative test ≥ 103 CFU/ml
(colony forming unit); b) the lower respiratory
tract using the endotracheal aspirate method; c)
peripheral blood.

The number of microbial cells in the material
harvested using the PSB method can be defined as:
colonization < 103 CFU/ml and infection ≥ 103

CFU/ml. 

Microbiological Assessment
During the test, 1 ml of the gastric contents was

harvested and placed in a sterile test tube. The mate−
rial was used to make a Gram−stained direct prepa−
ration and conduct a qualitative and a quantitative
test. The quantitative test was performed using the
serial dilution method. The material was cultured on
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the following substrates: Columbia agar with 5%
sheep blood (bio Merieux, France), MacConkey
agar with crystal violet (a selective substrate for
Enterobacteriaceae, bio Merieux, France), Pseudo−
monas agar Base (a selective substrate for Pseudo−
monas spp., Oxoid, UK), and Sabouraud Chlor−
amphenicol Agar (a selective substrate for Candida
spp., bio Merieux, France). Conventional microbio−
logical tests and API microtests (bio Merieux, France)
were used for identification purposes (API 20 E and
API 20 NE for Gram−negative rods, API STAPH
for staphylococci and micrococci). Additionally, the
sensitivity of staphylococci to methicillin was eval−
uated using the diffuse disc method according to the
NCCLS (National Committee for Clinical Labo−
ratory Standards).

Diagnostic material harvested from the soft
palate, palatine arches, tonsils, and the posterior
pharyngeal wall was assessed qualitatively. Ma−
terial from the lower respiratory tract obtained by
protected specimen brush (PSB) was evaluated by
direct bacterioscopy as well as quantitatively and
qualitatively as described above.

Evaluation of the pH Value 
of the Gastric Contents
The aspiration of 1 ml of gastric contents was

performed by means of a calibrated syringe via
a 16 F gastric tube (Sumi, Poland). The pH of the
gastric contents was measured using a CP−315m
pH−meter (Elmetron, Poland) with an OSH−10−10
microelectrode (Elmetron, Poland).

Statistical Analysis
The Wilcoxon nonparametric test was used to

evaluate circadian pH changes of gastric contents.
Fisher’s exact test was used to evaluate the inci−
dence of VAP in both groups. Statistical hypotheses
were verified at the significance level of p < 0.05.

Results

The study covered 40 patients: 13 women and
27 men. Thirty−four patients were treated for
multi−organ trauma and six patients for the condi−
tion following sudden cardiac arrest.

Evaluation of Time Changes
in pH of Gastric Contents

The pH value of gastric contents was mea−
sured six times a day, every day. The results were
analyzed on the second, fourth, and sixth days of

therapy. The highest pH value in group I was 5.65,
and in group II 5.70. The lowest pH value in group I
was 3.70 and in group II 3.75. Figures 1, 2, and 3
show the median, upper and lower quartiles, and
the minimum and maximum pH values of gastric
contents on the second, fourth, and sixth days of
therapy in groups I and II. Statistically significant
pH changes in the gastric contents during the night
break were revealed for group I (p < 0.01). In
group II (continuous feeding system) the results
discussed do not demonstrate statistically signifi−
cant changes during the night.

Bacteriological Analysis
The following pathogens were isolated in

those patients with confirmed ventilator−associat−
ed pneumonia: from the gastric contents: P. aeru−
ginosa (3 patients), P. mirabilis (4 patients), E. coli
(3 patients), A. baumanii (2 patients), E. faecalis
(4 patients), MSSA (Methicillin−sensitive Staphy−
lococcus aureus, 2 patients), MSSE (Methicillin−
−sensitive Staphylococcus epidermidis, 2 patients);
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Fig. 1. pH of gastric contents during the second day
of therapy (n = 40)

Ryc. 1. Rejestracja zmian pH treści żołądkowej. 
Doba 2. Liczebność grupy: n = 40
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A vs. B : NS B vs. C : p < 0.01

A vs. B : NS B vs. C : NS

Min−Max.

25–75%

median
mediana



from the material harvested from the upper respi−
ratory tract: P. aeruginosa (3 patients), P. mirabilis
(4 patients), E. coli (4 patients), K. pneumoniae
(2 patients), A. baumanii (2 patients), E. faecalis
(2 patients), MSSA (2 patients), MSSE (2 pa−
tients), Streptococcus spp. (3 patients); from the
material harvested from the lower respiratory tract
by PSB: P. aeruginosa (3 patients), P. mirabilis
(3 patients), A. baumanii (2 patients), MSSA
(6 patients), E. faecalis (2 patients). 

The number of microorganisms isolated from
the lower respiratory tract and gastric contents was
≥ 103 CFU/ml (colony forming units). Gram−neg−
ative bacteria classified as potentially pathogenic
microorganisms accounted for 61.5% of all the
microorganisms isolated from the material obtai−
ned from gastric contents. A higher increase in
the number of species and genera of microorgan−
isms isolated from gastric contents and the fre−
quency of their isolation in group II (CEF) in
relation to group I was observed on the sixth day
of therapy.

Evaluation 
of Pneumonia Incidence
in the Studied Groups
Fully symptomatic ventilator−associated pneu−

monia (VAP) was diagnosed in 11 patients. The
incidence rate in group I was 20% (4 patients) and
in group II 35% (7 patients) (Table 1). The VAP
incidence rate in the group of patients fed using
the continuous method (CEF), though higher,
demonstrated no statistically significant differ−
ences in relation to the group fed using the inter−
mittent method (IEF) (p > 0.05).

Discussion

Malnutrition in critically ill patients is related
to weakened function of the immune system, sup−
pressed or inadequate work of respiratory muscles
leading to respiratory failure, as well as increased
frequency of sepsis and MODS. The condition is
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Fig. 2. pH of gastric contents during the fourth day 
of therapy (n = 40)

Ryc. 2. Rejestracja zmian pH treści żołądkowej. 
Doba 4. Liczebność grupy: n = 40
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Fig. 3. pH of gastric contents during the sixth day 
of therapy (n = 40)

Ryc. 3. Rejestracja zmian pH treści żołądkowej. 
Doba 6. Liczebność grupy: n = 40
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diagnosed in 40% of intensive care units (ICU)
patients and it directly increases the mortality rate
among critically ill patients. Enteral feeding thera−
py yields a number of benefits: it reduces the sys−
tem’s catabolic response, supports the process of
wound healing, improves the structure and func−
tion of the digestive tract, has a beneficial effect on
patient prognosis by reducing the frequency of
complications, shortening the length of therapy,
and lowering its costs. Nutritional intervention by
means of an appropriately selected industrial diet
following the correction of hemodynamic disor−
ders and prior to the development of irreversible
changes in intestinal structure and function is an
effective treatment supplementing the therapy of
patients in critical condition. Intensive nutritional
therapy, however, means an additional workload
for the medical staff and carries a risk of compli−
cations. Early enteral feeding can increase residual
gastric volume, boost bacterial colonization of the
stomach, and increase the risk of ventilator−associ−
ated pneumonia (VAP).

One of the main principles of VAP prevention,
related to stomach colonization, is to maintain
appropriate pH levels of the gastric contents [8].
By using suitable methods and techniques of
enteral feeding and replacing H2−blocking agents
with sucralfate, the frequency of incidence of VAP
has been reduced. This procedure is as important
as regulation of the volume and administration rate
of nutritional formula.

Attempts were made to prevent stomach colo−
nization by increasing the acidity of enteral feed−
ing formulas [8]. A marked reduction in bacterial
colonization of the stomach was consequently
observed, though with no significant effect on
VAP incidence and mortality. Other authors used
selective decontamination of the digestive tract,
the effect of which is the subject of ongoing debate
due to the risk of infection with multiresistant
strains [3, 8]. Prevention, broadly understood, also
includes actions aimed at stomach decompression,

administration of drugs increasing the motor activ−
ity of the digestive tract (reduction of duodenal
and gastro−esophageal reflux), intubation tubes
with low−pressure cuffs, aspiration of contents
from the subglottal space, and a half−sitting posi−
tion [8]. 

A number of reports describe beneficial effects
of intermittent enteral feeding in preventing VAP
[9]. Lee and Jacobs observed a periodic reduction
in pH in 23 out of 26 patients receiving IEF in rela−
tion to 11 out of 24 patients given continuous
enteral feeding (CEF) [9]. In the group of IEF
patients, 3 were diagnosed with pneumonia com−
pared with 13 in the CEF group. Spilker et al. did
not find any changes in pH dynamics and benefi−
cial effects of IEF on reducing the extent of stom−
ach colonization [6]. According to Simme, the
stomach is rarely a reservoir of pathogens causing
pneumonia in mechanically ventilated patients [5].
Bonten et al., investigating the effect of CEF on
the pH value of the stomach and its colonization,
demonstrated that continuous enteral feeding is
a risk factor for stomach colonization with poten−
tially pathogenic microorganisms due to an
increase of stomach pH [10]. In a different study,
the same author noted that an increased stomach
pH increased the degree of stomach colonization,
although it produced no limiting effect on the col−
onization of the upper respiratory tract and VAP
incidence [11].

Chang, Spilker, and Sydney evaluated the sys−
tem of intermittent enteral feeding as a simple and
effective method of preventing pneumonia in
mechanically ventilated patients [9]. A positive
correlation was found between increased pH val−
ues of gastric contents and growth in stomach col−
onization in the group of patients fed by the CEF
method. Opposite conclusions were presented in
a study by Bonten comparing the effect of IEF and
CEF feeding methods on the colonization of the
stomach and the respiratory tract in mechanically
ventilated patients [12]. In the IEF group the pH of
the stomach was found to be lower, though with no
effect on the frequency of incidence of pneumonia.
The present study confirms the beneficial effect of
intermittent enteral feeding in preventing VAP by
reducing the pH of gastric contents at night and,
consequently, decreasing bacterial colonization of
the stomach in this group.

Consideration should be given to the role of
the gastric contents with features of bacterial con−
tamination in the development of VAP [4]. Studies
undertaken by Torres showed that 61% of reintu−
bated patients developed pneumonia caused by
microorganisms previously isolated from gastric
contents and the nasopharyngeal cavity [13]. In
another study comparing microorganisms isolated
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Table 1. Incidence of VAP in groups I and II

Tabela 1. Częstość występowania VAP w grupie I i II

Group I – IEF Group II – CEF
(Grupa I – IEF) (Grupa II – CEF)
n = 20 n = 20

Incidence of VAP 4 7
(Częstość 20% 35%
występowania)

IEF – intermittent enteral feeding.
CEF – continuous enteral feeding.

IEF – żywienie dojelitowe metodą przerywaną.
CEF – żywienie dojelitowe metodą ciągłą.



from the stomach, the nasopharyngeal cavity, and
the lower respiratory tract, the same author identi−
fied similar relationships confirming that stomach
colonization contributes to the development of
VAP [8]. Using cell typing, Prod’hom observed
that Gram−negative rods residing in the stomach
and the bacteria causing VAP were identical [14].
A study by Pawińska, Dzierżanowska et al. incor−
porated molecular biological methods to evaluate
bacterial flora in the development of VAP [15].
PFGE (Pulsed Field Gel Electrophoresis) typing
showed a close relationship between bacterial
strains colonizing the mucosa of the digestive tract
and pharynx and strains isolated from bron−
choalveolar lavage in mechanically ventilated
patients. A few other authors take a different
stance [4].

Although the role of the stomach as a reservoir
of microorganisms causing VAP is still debated,
the results of the present authors’ own studies out−
lined here demonstrate an essential role of retro−
grade colonization in the etiology of pneumonia in
mechanically ventilated patients. Fully sympto−
matic pneumonia was diagnosed in 11 patients. In
9 of these cases the same pathogens were isolated
from the lower respiratory tract, the nasopharyn−
geal cavity, and gastric contents. Bacteriological
analysis of the contents of the stomach and the
nasopharyngeal cavity has been the subject of nu−
merous studies concerning the pathogenesis of
ventilator−associated pneumonia. Palmer et al.
evaluated the effect of colonization of the stomach
by potentially pathogenic microorganisms (PPMOs)
on the development of VAP [4]. PPMOs include
all Gram−negative rods, as well as Enterococcus
spp. and Staphylococcus aureus. The following
pathogens were isolated from gastric contents and
the nasopharyngeal cavity: Pseudomonas aerugi−
nosa, Klebsiella spp., Serratia marcescens, Pro−
teus mirabilis, Providencia stuartii, Escherichia
coli, and Acinetobacter spp. [4]. The study by
Jarosz−Cencora et al. identified the presence of
Escherichia coli, Citrobacter spp., Klebsiella spp.,
Pseudomonas aeruginosa, Proteus mirabilis,
Staphylococcus aureus, Enterococcus faecalis,
Streptococcus spp., Enterobacter spp., Acineto−
bacter spp., Veillonella, Peptostreptococcus, and
Candida spp. strains [16]. In a prospective study
based on DNA analysis, Garrouste−Orgeas et al.
isolated Acinetobacter baumanii, Klebsiella pneu−
moniae, Enterobacteriaceae, Pseudomonadaceae,
Staphylococcus ureus, and Enterococcus spp. from
the gastric contents and the nasopharyngeal cavity
[17].

In the present authors’ own study conducted in
patients with diagnosed VAP, the following poten−
tially pathogenic microorganisms were identified

in gastric contents: P. aeruginosa, P. mirabilis, E. coli,
A. Baumanii, E. faecalis, and MSSA. The etiology
of ventilator−associated pneumonia is dominated by
Enterobacteriaceae, Pseudomonas aeruginosa,
Staphylococcus aureus, Haemophilis influenzae,
Streptococcus pneumoniae, and Acinetobacter bau−
manii.

Patients treated in intensive therapy units are
a high−risk group for infection. They are subjected
to a large number of invasive medical procedures
and adverse effects of drugs. Each unit has its own
specific features, together with representative pa−
thogenic flora; hence the list of isolated pathogens
is different in each individual case discussed. In
a BAL procedure, Kollef et al. isolated the follow−
ing microorganisms: Pseudomonas aeruginosa,
Enterobacter spp., Cytomegalovirus, Morganella
morganii, Acinetobacter baumanii, Stenotro−
phomonas maltofilia, Herpes simplex, Alcaligenes
xylosoxidans, MRSA (Methicillin−Resistant Sta−
phylococcus aureus), Serratia marcescens, MSSA
(Methicillin−Sensitive Staphylococcus aureus),
Citrobacter freundii, Klebsiella spp., Proteus
mirabilis, Streptococcus pneumoniae, Haemo−
philus influenzae, and Escherichia coli [18]. In his
study focused on patients with head injuries, Ewig
distinguished two groups of pathogens: Strepto−
coccus pneumoniae, Staphylococcus aureus, and
Haemophilus influezae. Patients in the other group
were colonized by the Gram−negative enteric rods
Pseudomonas aeruginosa [19].

Torres evaluated histopathological and micro−
biological aspects of VAP [20]. A total of 25 pa−
tients who died with clinically suspected VAP
were analyzed. A total of 375 (postmortem) pul−
monary biopsies were performed and later subject−
ed to bacteriological and histological tests. Forty
percent of the isolated cultures were mixed. It is
interesting to note that in 80% of analyzed cases
the pathogenic microorganisms isolated from the
right and left lung were not identical. The isolated
microorganisms were 40% Gram−negative rods
(72% of which was Pseudomonas spp.), 38%
Staphylococcus aureus, and 22% fungi (45% of
which was Candida albicans). Jarosz−Cencora et
al. analyzed the bacterial flora of patients treated at
an intensive therapy unit in Krakow. A total of
121 microbial strains were isolated, including (by
frequency of diagnosis): E. coli, Citrobacter spp.,
Klebsiella spp., Pseudomonas aeruginosa, Pro−
teus mirabilis, other Gram−negative rods, S. aure−
us, E. faecalis, Streptococcus spp., Enterobacter
spp., and Acinetobacter spp. [16].

In the present authors’ own studies conducted
on the material harvested from the lower respira−
tory tract by PSB, the most common pathogens
included MSSA and the Gram−negative rods Aci−

Pulmonary Complications of Enteral Feeding 371



netobacter baumanii, Proteus mirabilis, Pseudo−
monas aeruginosa, and Enterobacter spp. Among
11 patients with radiologically and bacteriologi−
cally confirmed VAP, Gram−negative rods were
isolated from 8 patients: Pseudomonas aeruginosa
from 3 patients, Proteus mirabilis from 3 patients,
and Acinetobacter baumanii from 2 patients.
MSSA were isolated from 6 patients and Entero−
coccus faecalis from 2 patients. The results of the
present authors’ own studies confirm the role of
stomach colonization with potentially pathogenic

flora in the etiology of ventilator−associated pneu−
monia.

The authors conclude that enteral nutrition of
mechanically ventilated patients is related to the
bacterial colonization of the stomach, dominated
by Gram−negative bacteria. Intermittent enteral
feeding is a factor limiting bacterial colonization
by reducing the pH value of the gastric contents
during the night break. It does not, however, pro−
duce a statistically significant reduction of the risk
of ventilator−associated pneumonia.
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