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ORIGINAL ARTICLE

Enteral nutritional therapy with pre,

pro and symbiotic and gastrointestinal

tract and inferior airway colonization

in mechanically ventilated patients

1erapia nutricional enteral associada a pré, prd e

simbidticos e colonizagdo do trato gastrintestinal e vias

aéreas inferiores de pacientes ventilados mecanicamente

ABSTRACT

Objectives: Sepsis is the main cause
of death in the intensive care unit. New
preventive measures for nosocomial in-
fections have been researched, such as
pre, pro and symbiotic usage, due to its
immunoregulatory properties. The ob-
jective was to evaluate the effect of ad-
ministration of pre, pro and symbiotic
on gastrointestinal and inferior airway
colonization and on nosocomial infec-
tions, particularly ventilator-associated
pneumonia.

Methods: Patients who were ad-
mitted to the intensive care unit at
Hospital Universitdrio Clementino
Fraga Filho between November 2004
and September 2006 and mechani-
cally ventilated were randomized in
one of four groups: control (n = 16),
prebiotic (n = 10), probiotic (n = 12)
or symbiotic (n = 11). Treatment was
administered for fourteen days. Out-
comes measured were: a) Coloniza-
tion of the gastrointestinal tract and
trachea; b) incidence of nosocomial
infections, particularly ventilator as-
sociated pneumonia; ¢) duration of
mechanical ventilation, length of stay
in the intensive care unit, duration of

hospitalization, mortality rates, and d)
development of organ dysfunction.

Results: Forty-nine patients were
evaluated. intensive care unit’s mortal-
ity was 34% and in-hospital mortality
was 53%, APACHE II median was 20
(13 -25). The groups were matched at
admission. There was no difference be-
tween the groups in relation to the inci-
dence of ventilator associated pneumo-
nia or nosocomial infection. There was
a non—signiﬁcant increase in the propor-
tion of enterobacteria in the trachea at
the seventh day in the pre and probiotic
groups compared to control. There was
a non-significant decrease in the num-
ber of bacteria found in the stomach in
the pre, pro and symbiotic group at day
7. No significant difference, in regards
to the remaining measured parameters,
could be found.

Conclusions: Probiotic therapy was
not efficient in the prevention of nosoco-
mial infection but there was a tendency
to reduction in tracheal colonization by
non-fermenting bacteria.

Keywords: Nutritional therapy; En-
teral nutrition; Gastrointestinal tract/
metabolism;  Pneumonia, ventilator-

associated; Probiotics/therapeutic use

INTRODUCTION

Sepsis and its complications are the main cause of death in intensive care
units (ICU). It is considered an extremely severe and high cost condition (5 to
16.7 billion dollars per year in the United States of America).! The increase of
sepsis cases over the years has led to increased consumption of antibiotics and,
as a consequence, to appearance of multiresistant bacterial strains.” Recently
new forms for prevention of nosocomial infections and antimicrobial treatment
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such as selective decontamination of the gastrointestinal
tract’ and use of pre, pro and symbiotics have been re-
searched as an alternative to use of antibiotics.

Probiotics have been studied in a wide range of situa-
tions: treatment of acute infectious diarrhea in childhood?,
prevention of Crohn disease recurrence’ and prevention
and treatment of diarrhea associated to use of antibiotics.®
However, for ICU patients, the major advantage of using
probiotics seems to be their possible capability of replac-
ing the pathogenic microbiota by commensal bacteria’
and their interaction with the immune system.?

Several studies were carried out in critically ill patients
with conflicting results.”'* There have been many expla-
nations for the differences found among results ranging
from selection of patients (with positive results in surgical
patients), start time of probiotics administration, to the
type of probiotic used. Because of such doubts, use of pro-
biotics in the intensive care has been subject to question-
ing, while waiting for randomized clinical trials."
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The objective of this study was to assess the effect of
administering pre, pro and symbiotics in gastrointestinal
and lower airways colonization of critically ill patients un-
der mechanical ventilation, also the incidence of nosoco-
mial infections.

METHODS

The study was designed in accordance with the
Guidelines and Standards Regulating Research Involv-
ing Human Beings (Resolution196/1996 of the National
Health Council and was approved by the Ethics Com-
mittee of Hospital Universitdrio Clementino Fraga Filho
(HUCFF).

By means of a prospective, controlled, randomized
and open study, 50 consecutive patients on mechanical
ventilation admitted at the ICU of HUCFF, randomly al-
located in four groups according to a table, were assessed.
Study protocol is described in figure 1.

Eligible patients ——,

Exclusion criteria:
Previous use of fibers
or probiotics;
pregnancy;
immunosuppression

age

Inclusion criteria:
enteral nutrition;
mechanical ventilation;
agreement to participate in the study;

Z 18 years

l

’ Control ‘ I Prebiotic |

Symbiotics |

and

LOS in

Endpoints

Colonization gastrointestinal tract

lower airways;

Incidence of nosocomial infections;

ICU and hospital

mechanical ventilation;

mortality

| Randomization |
| | I |
I Probiotic

|

‘ Statistical analysis

|

End of protocol:
discharge;
death;
contraindication to use the
gastrointestinal tract;
discontinuation of

mechanical ventilation

[ Conclusions

Figure 1 — Study design of intensive care

unit patients.

ICU - intensive care unit, LOS — lenght of stay
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Group 1 — Control: administration of normo-
caloric diet (lkcal/mL) polymer, iso-osmolar (315
mOsm/kg) and with 40 g/L of protein in an open
system through a nasoenteric tube placed in gastric
position.

Group 2 — Prebiotic: administration of the con-
trol diet adding a soybean polysaccharide (14g/L);

Group 3 — Probiotic: administration of control
diet adding to the probiotic lactobacillus johnsonii
Lal in a 10° UFC dose, two times a day;

Group 4 — Symbiotic: administration of the con-
trol diet, adding a soybean polysaccharide and the
probiotic in the mentioned doses.

Lactobacilli containers were stored for no longer
than one month in the ICU refrigerator, following
the validity date on the packaging. Containers were
taken out at the time of administration and their
content aspirated into a 10mL syringe, then admin-
istered to the patients by nasoenteric catheter.

Inclusion criteria were: use of enteral nutrition;
be under mechanical ventilation; age > 18 years; ac-
ceptance to participate in the study by relatives.

Exclusion criteria were: use of fibers or probiot-
ics in the last month; presence of clinically sig-
nificant immunosuppression (organ transplant,
chemotherapy, active hematologic neoplasia, use of
corticoids in a dose higher than or equivalent to 1
mg/kg of prednisone in the last three months, ac-
quired immunodeficiency syndrome (AIDS), use of
immunosuppressants) and pregnancy.

Criteria for study withdrawn were: impossibility
to use the gastrointestinal tract (defined as use of
enteral nutrition without reaching 50% of the total
energetic value (TEV) or use of parenteral nutri-
tion); discharge from the ICU, death; discontinua-
tion from mechanical ventilation.

As the primary endpoint, colonization of the
gastrointestinal tract and trachea by aerobic patho-
genic bacteria was assessed upon admission, 7th
and 14™ day of study. For this purpose, quantita-
tive cultures were collected for analysis of aerobic
and anaerobic facultative bacteria of the tracheal
secretion, gastric secretion and rectal swab, upon
admission, 7" and 14™ day of study. Culture sam-
ples were collected after a morning interruption of
the diet for about three hours, for routine nursing
procedures. However, it was not possible to collect
samples for microbiological analysis of all patients
at all times of the study for a number of reasons,
that is to say: removed from study due to discharge,
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death or discontinuation of mechanical ventila-
tion, impossibility for enteral nutrition, lack of an
adequate amount of gastric or tracheal secretion for
culture, among others.

As secondary endpoints, incidence of nosoco-
mial infections up to 30 days after admission to the
study was assessed, as well as number of days with
antibiotic therapy, number of days on mechanical
ventilation, length of stay (LOS) in ICU and hos-
pital, in addition to discharge from ICU and hos-
pital.

Furthermore, evolution of organ dysfunction in
the first 14 days of admission to the study was ana-
lyzed applying the Sequential Organ Failure Assess-
ment (SOFA) score and analysis of the delta SOFA
in the first 48 and 72 hours after admission to the
study.

Information on the frequency of nosocomial
infections developed in the ICU up to one month
after inclusion in the study and the causative patho-
gens was collected in addition to information about
use (type, time and doses) of antibiotic therapy. All
patients were evaluated according to their severity
by the Acute Physiology and Chronic Health Evalu-
ation II (APACHE II)"score and Simplified Acute
Physiology Score II (SAPS II)"® upon ICU admis-
sion and by applying the SOFA score on the 1°, 2",
7%, 10" and 14" day of ICU stay. Comorbidities
were assessed using the Charlson index. Infections
were determined according to the definitions of the
International Sepsis Forum'®, except for nosocomial
sinusitis.

All patients were using H, receptor blocker or
proton pump inhibitor during the entire study pe-
riod.

Calculation of the sample size was carried out
based upon a previous study with critically ill pa-
tients 2. It was estimated that 32 patients were need-
ed in each group to detect an 85% to 50% reduction
of gastric colonization with a significant level of 5%
and a power of 80%. For this purpose the statistical
software Epiinfo® version 3.4.1 was used.

Data were stored in electronic spreadsheets (Mi-
crosoft Excel®) and later analyzed with the statistical
package SPSS 13.0 (SPSS Inc.). Data were present-
ed as median and interquartile interval. Categori-
cal variables were analyzed by tables crossed with
the statistical chi-square test (with Yates continu-
ity correction whenever indicated) or the Fisher ex-
act test. Mann-Whitney test rank sum was used for
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comparison of two categorical and non-parametric
continuous variables and that of Kruskall-Wallis,
for three or more variables. For statistical signifi-
cance a p<0.05 value was adopted.

RESULTS

The study did not achieve the expected, planned
sample of 128 patients due to low inclusion rate.
From November 2004 to August 2006, 50 patients
were included in the study. One patient of the sym-
biotic group was excluded because of consent with-
drawal, therefore 49 patients were analyzed. Distri-
bution among the 4 groups was of 16 patients in the
control group (Group 1), 10 in the prebiotic (Group
2) 12 in the probiotic (Group 3) and 11 in the sym-
biotic (Group 4). Mean age was 59 years (46-71)
while distribution by gender was 31 (63.3%) males.
APACHE 1I score was 20 (13-25) points, SAPS 11
was 36 (27-54) points, SOFA on the first day (D1)
was 5 (2-8), on the second (D2) was 4 (3-7) and on
the third day (D3) 4 (2-7). There was no difference
between groups regarding admission characteristics.
There were no differences between groups regarding
measurement of the delta SOFA on day 1 to day 2
and from day 1 to day 3.

Median of the Charlson index was 3 (1-5) with
no difference between groups. The major cause for
admission was clinical (37 patients-76%), followed
by emergency surgery (7 patients -14%) and finally
elective surgeries (5 patients-10%). Hospital LOS
was essentially attributed to the neurological system
(19 patients-38%), followed by the respiratory (12
patients -24%) and, finally the cardiovascular (9 pa-
tients-18%). Demographic data is shown on table 1.

There was no difference between groups regarding
the proportion of enterobacteria e non-fermenting

Table 1 — Patient characteristics
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bacteria, in the collected samples of rectal swab, gas-
tric secretion and tracheal secretion at admission, 7
and 14® days. In the samples collected from the rectal
swab and gastric secretion a prevalence of enterobac-
teria was found which does not vary over time, while
the proportion of enterobacteria and non-ferment-
ing bacteria are balanced in the tracheal secretion
sample. Distribution of microbiological samples, on
the 7™ and 14™ days is shown on table 2. There was
a non-significant increase in the proportion of enter-
obacteria in relation to the non-fermenting on the 7%
day in the tracheal secretion in the pre and probiotic
groups. There was also a non-significant decrease of
bacteria isolation and a consequent proportional in-
crease of negative samples of gastric secretion on the
7™ day in pre, pro and symbiotic groups when com-
pared to the control group.

There were no differences between groups re-
garding the number of nosocomial infections (37
episodes) and of mechanical ventilation associated
pneumonias (VAP) 20 episodes) as well as time of
antibiotic therapy (median of 8 days) (0-11). Princi-
pal causes of infectious complications were VAP (20
patients- 35%), infection associated to the catheter
(7 patients - 13%) nosocomial sinusitis (4 patients
-7%) and primary bacteremia (4 patients -7%). No
changes were found between groups regarding num-
ber of bacteremias.

Length of stay in the UTI was 24 days (11 to
35) and hospital LOS was 41 days (28 to 60). Time
of mechanical ventilation was 20 days (10 — 31).
There was no difference between groups regarding
these parameters. In the ICU, mortality was 34%
and intra-hospital was 53%

No adverse effects related to use of Lactobacillus
johnsonii were detected nor any infectious episode/
bacteremia caused by this agent.

Control Prebiotic Probiotic Symbiotic p value
(n=16) (n =10) (n=12) (n=11)
Male gender 7 (43%) 6 (60%) 9 (75%) 9 (81%) 0.17
Age (years) 60 (32-76) 60 (43-71) 58 (47-71) 59 (52-69) 0.98
APACHE I1 20 (12-25) 21 (14-25) 17 (10-26) 18 (15-22) 0.72
SAPS II 34 (28-56) 47 (35-62) 32 (26-46) 43 (24-49) 0.50
Charlson 3 (2-6) 4 (2-6) 2 (0-4) 3 (1-4) 0.39

APACHE - Acute Physiology and Chronic Health Evaluation score, SAPS - Simplified Acute Physiology Score. Results are expressed in median

(interquartil), except for gender expressed in number (%)
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Table 2 - Colonization of the gastrointestinal tract and lower airways upon admission, seventh and fourteenth day
Admission Tracheal Secretion Gastric Secretion Rectal Swab
C Pre Pro Sym C Pre Pro Sym C Pre Pro Sym
Enterobacteria 1 5 4 4 10 1 5 7 17 8 11 10
Non fermenting 4 4 3 2 0 0 0 1 1 0 0 1
p value - NS NS NS - NS NS NS - NS NS NS
With no growth 4 1 3 2 5 6 4 1 1 1 1 2
One bacterial species 5 7 7 8 9 2 6 9 15 8 9 8
Muiltiple bacterial species 1 2 2 2 1 0 0 1 3 1 2 3
p-value - NS NS NS - NS NS NS - NS NS NS
Collected samples 10 10 12 12 15 8 10 11 19 10 12 13
Seventh Day Tracheal Secretion Gastric Secretion Rectal Swab
C Pre Pro Sym C Pre Pro Sym C Pre Pro Sym
Enterobacteria 3 5 4 0 4 6 5 1 9 8 6 3
Non fermenting 5 2 2 1 1 0 0 1 3 1 2 2
p value - NS NS NS - NS NS NS - NS NS NS
With no growth 1 0 1 2 1 2 4 2 1 1 0 0
One bacterial species 8 6 6 2 5 4 4 3 9 6 8 5
Multiple bacterial species 0 1 0 0 0 2 1 0 3 3 0 1
p value - NS NS NS - NS NS NS - NS NS NS
Collected samples 9 7 7 4 6 8 9 5 13 10 8 6
Fourteenth Day Tracheal Secretion Gastric Secretion Rectal Swab
C Pre Pro Sym C Pre Pro Sym C Pre Pro Sym
Enterobacteria 2 2 2 1 3 4 3 3 2 5 5 3
Non fermenting 1 2 0 2 0 0 0 0 0 1 0 0
p value - NS NS NS - NS NS NS - NS NS NS
With no growth 1 0 1 0 1 1 1 0 2 1 0 0
One bacterial species 3 4 2 3 3 4 2 3 2 4 3
Multiple bacterial species 0 0 0 0 0 1 1 1 0 2 1 0
p value - NS NS NS - NS NS NS - NS NS NS
Collected samples 4 4 3 3 4 6 3 4 4 7 5 3

C - control, Pre - prebiotic, Pro - probiotic, Sym - symbiotic, NS - not-significant. Numbers represent the absolute values of positive samples collected
in the gastrointestinal tract and in the lower airways from the different groups. P values refers to the comparison between the different groups and

control group

DISCUSSION

The current study disclosed a non-significant decrease
in isolation of bacteria of the gastric content in seven days
and a non-significant increase in the proportion of enter-
obacteria in relation to the non- fermenting on the 7* day
in tracheal secretion. Some factors may have contributed
for this finding. A study limitation was that the sample
planning of 32 patients in each group was not achieved,
jeopardizing conclusions reached by the work. As such,
this study did not have the power to reach the proposed
conclusions and was only capable of pointing out given
tendencies that may or may not be confirmed in larger
prospective studies.

Another issue seems to be survival of lactobacilli in

the gastrointestinal tract. Most probiotics marketed do
not seem able to survive to pH and osmolarity variations
in sufficient numbers to repopulate the digestive tract lu-
men. Miettinen et al. showed that, when various strains
of lactobacilli were given orally in a concentration of 10°
ufc/mL, only the strain L plantarum was retrieved upon
ileostomy of studied patients in a greater than 107 ufc/mL
concentration, although non-viable lactobacilli retained
their capacity to stimulate the immune system.".
Traditionally the gastrointestinal tract microbiota has
been analyzed by culture methods. However, it is known
that a large part of the gastrointestinal tract microbiota
is difficult to cultivate because the growth factors, physi-
ological state and interaction with other components of
the microbiota remain unknown. Previous studies suggest
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that 60% to 80% of the gastrointestinal tract microbiota
have not yet been identified'® and most of these studies
were carried out using molecular techniques for detection,
identification and classification of the bacteria based on
the nucleotide sequence of the 16S subunit of the rRNA."
The current study presented a limitation in the method
because it did not use molecular methods to characterize
microbial populations inside the digestive tract, as well as
to ensure presence and viability of the lactobacilli admin-
istered to patients. However, the viability and adherence
of the bacilli Lactobacillus johnsonii Lal to the intestinal
epithelium has already been described in healthy volun-
teers, which theoretically would enable their use as probi-
otic.” To date the same description in critically ill patients
does not exist.

Another issue to be addressed is probiotic capacity
to recolonize the gastrointestinal tract in the presence of
systemic antibiotic therapy. Data found in literature are
conflicting, Sullivan et al. studied 24 healthy volunteers
that used clindamicine for 7 days and were randomly al-
located to receive a combination of L acidophilus NCFB
1748, B lactis Bb 12 and L paracasei paracasei F19 (Arla
Foods, Stockholm, Sweden ) in a dose of 108 ufc/mL dur-
ing 14 days. These researchers found that the number of
bacterioids in the probiotic group was maintained, while
it decreased in the placebo group?, which was contested
by other authors.?? Manley et al. in a recent study showed
that the enterococcus resistant to vancomicine was eradi-
cated from the rectal swab of interned patients who had
ingested L. rhamnosus GG/, even if they were using sys-
temic antibiotic therapy.

It is noteworthy that the different species of probiotics
presented different characteristics regarding their viability
in the gastrointestinal tract, interaction with the micro-
biota, fiber fermentation and immunomodulating effect.
Viability of the L plantarum and of L johnsonii Lal has
been formerly discussed. Miiller et al. studied 712 strains
of lactobacilli and concluded that only four were able to
ferment the inulin fiber: L plantarum (various strains), L.
paracasei paracasei, L. brevis and Pediococcus pentosaceus
3. Various studies showed that L johnsonii Lal has anti-
bacterial* and immunomodulating® activities in healthy
volunteers, while their role in critically ill patients is not
well defined.

However, actions of probiotics are not restricted to
substitution of the pathogenic microbiota. Even without
a significant change in colonization of the gastrointestinal
tract, use of probiotics has an immune regulatory func-
tion'’which, ultimately may lead to prevention of nosoco-
mial infections in the critically ill patient.? Nevertheless,
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other studies were not able to show differences in relation
to nosocomial infection or time of antibiotic therapy.'® A
recent study carried out in a critically ill pediatric popula-
tion, not only failed to show a difference regarding the
number of infections, but also disclosed a non-significant
increase of their incidence in the group using probiotics.”
A possible explanation for this divergence is that the ma-
jority of positive studies, that is to say, those that showed
benefit, were performed with patients at postoperative of
major surgeries'> whereas negative studies were made with
clinical patients.” In surgical patients, time of wound and
therefore, the best timing for immunomodulation therapy
is well known, while this is not true with clinical patients.
Such a dichotomy was already perceived in other studies
with critically ill patients, for instance regarding glycemic
control in clinical and surgical patients.*

There is a great controversy in literature about the capa-
bility of commonly commercialized probiotics to replace
pathogenic microbiota of critically ill patients and to act
positively in the prevention of infection and multiple or-
gan dysfunction. Results of this study suggest a decreased
colonization of the lower airways by non-fermenting bac-
teria, which may lead to fewer nosocomial infections. For
this reason it is suggested that this study be expanded with
an analysis of the microbiota by molecular biology tech-
niques for diagnosis as well as with a larger number of
patients.

CONCLUSION

In critically ill patients submitted to mechanical venti-
lation, administration of pre, pro and symbiotics did not
efficiently reduce incidence of nosocomial infections, VAR,
LOS in ICU or hospital, or mortality. However, our data
point to a tendency of bacterial reduction in the stomach
and in the proportion of non-fermenting bacteria in the
tracheal secretion of patients who used symbiotics. Sub-
stitution of the microbiota may prove beneficial in pa-
tients with nosocomial infection. New clinical trials will
therefore be required to better define the role of probiotic
therapy in the prevention and treatment of nosocomial
infections.
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RESUMO

Objetivos: A sepse é a principal causa de morte nas unidades
de terapia intensiva. Recentemente, tém sido pesquisadas novas
formas de prevencio e tratamento de infec¢do nosocomial, tais
como o uso de pré e prd e simbidticos, devido as suas proprie-
dades imunomoduladoras. O objetivo deste estudo foi avaliar o
efeito da administragao de pré, pro e simbidticos sobre a coloni-
zagao de trato gastrintestinal e vias aéreas inferiores e sobre a in-
cidéncia de infec¢cdes nosocomiais, particularmente pneumonia
associada a ventilagio mecanica.

Métodos: Pacientes em ventilacio mecinica, internados na
unidade de terapia intensiva do Hospital Universitdrio Clemen-
tino Fraga Filho entre novembro de 2004 e agosto de 2006,
foram aleatorizados em quatro grupos: controle (n = 16), pre-
bidtico (n = 10), probidtico (n = 12) e simbidtico (n = 11). O
tratamento foi administrado por 14 dias. Foram avaliados: a)
colonizagio do trato gastrintestinal e traquéia; b) incidéncia de
infec¢des nosocomiais, principalmente pneumonia associada a
ventilagio mecénica; ¢) tempo de terapia antibidtica, ventilagao
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mecAnica, internagio e letalidade na terapia intensiva e hospita-
lar; d) incidéncia de disfungées orginicas.

Resultados: Foram avaliados 49 pacientes. A letalidade
na terapia intensiva foi de 34%, intra-hospitalar de 53% e a
mediana do APACHE II de 20 (13 - 25). Os grupos foram
compardveis na admissao. Houve aumento nio significativo
da propor¢ao de enterobactérias em relacio a de ndo fermen-
tadores no sétimo dia na secregdo traqueal nos grupos pré
e probidtico e diminui¢io nio-significativa do ndmero de
amostras no estdmago nos grupos pré, pré e simbidtico no
sétimo dia. Nao houve diferenca na incidéncia de pneumonia
associada a ventilacdo mecinica, infecgio nosocomial ou nos
demais parAmetros.

Conclusées: O uso de pré, pré e simbiéticos nao foi efi-
caz na prevengio de infecgbes nosocomiais, porém houve uma
tendéncia de reducio da colonizagio da secrecio traqueal por
bactérias ndo fermentadoras.

Descritores: Terapia nutricional; Nutri¢io enteral; Trato
gastrointestinal/metabolismo; Pneumonia associada a ventilagao
mecanica; Probidticos/uso terapéutico
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