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Abstract. A prospective observational study was conducted in aneonatal intensive care unit to iden-
tify factors associated with the devel opment of ventilator-associated pneumonia (VAP) in 170 infants
aged | essthan 30 dayswho required mechanical ventilation for longer than 48 hours. VAP occurred in
85 infants (50 cases per 100 mechanically-ventilated infants) or 70.3 cases per 1,000 ventilator days.
Stepwise logistic regression analysisidentified 3 factors independently associated with VAP: umbili-
cal catheterization [adjusted oddsratio (AOR)=2.5; 95% confidenceinterval (Cl)=1.3t04.7; p=0.007];
respiratory distress syndrome (AOR=2.0; 95% CI=1.0 to 3.9; p=0.03); and insertion of orogastric
tube (AOR=3.0; 95% CI=1.3 to 7.2; p=0.01). Infants with VAP had longer duration on ventilator
(14.2 days vs 5.9 days, p<0.001) and longer hospital stay (28.2 days vs 13.8 days; p<0.001). Organ-
isms were isolated in 42 specimens (49.4%) from endotracheal aspirate culture and in 17 specimens
(20.0%) from hemoculture; Pseudomonas aeruginosa, Klebsiella pneumoniae and Acinetobacter spp
were predominant. Polymicrobial infection was found in 11 specimens (12.9%) from endotracheal
aspirate culture. Leukocytosis and blood gas values could not predict the presence of VAP. The mor-
tality of infantswith VAP (29.4%) did not differ significantly from that of infantswithout VAP (30.6%)
(p=0.87). Certain clinical interventions might potentially affect the incidence of VAP and outcome

associated with VAP.

INTRODUCTION

Ventilator-associated pneumonia (VAP) is a
potentialy lethal and common problem among
mechanically-ventilated patientsin intensive care
units. In addition to its high mortality rate com-
pared to other nosocomial infections, VAPisasso-
ciated with prolonged hospitalization and consid-
erable medical costs (Vincent et al, 1995; Fagon
et al, 1996; Papazian et al, 1996; Bowton et al,
1999; Chastre and Fagon, 2002). Many factorspre-
dispose to acquiring VAP; infants mechanicaly
ventilated in the neonatal intensive care unit
(NICU) are at aparticularly high risk of develop-
ing VAP because of poor host factors, severe un-
derlying diseases, prolonged use of mechanical
ventilation, inadequate pulmonary toilet and ex-
tensive use of invasive devices and procedures;
gram-negative and gram-positive bacteria are the
most common causative organisms (Goldman et
al, 1983; Craven et al,1990; Cook et al, 1998;
Grohskopf et al, 2002). Littledataare availableon
VAP in the NICU and no exact number for infec-
tion ratesis available (Stover et al, 2001).

Theobjectiveistofind theincidence of VAP
and identify factors associated with the develop-
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ment of VAP and its outcomein anewborn inten-
sive care unit.

MATERIALSAND METHODS

A prospective observational study was con-
ducted in the newborn intensive care unit of
Prachomklao Hospital, Petchaburi, Thailand, be-
tween August 1994 and August 2001. Infantsaged
less than 30 days who required mechanical ven-
tilation for longer than 48 hours were eval uated.
Those with pneumonia, severe birth asphyxia or
congenital anomalieswere excluded from analy-
sis. The diagnostic criteria for VAP were modi-
fied from the CDC's definition for nosocomia
pneumonia for patients younger than 12 months
(Garner et al, 1988). Chest radiography was per-
formed when VAP was suspected, if production
of respiratory secretions increased, new onset of
purulent tracheal sputum, or change in character
of sputum was present. If the radiograph showed
new or progressive infiltrate, cavitation, consoli-
dation, or pleural effusion, then endotracheal as-
pirate culture and hemoculture were performed.
With endotracheal aspirate, the catheter was
blindly wedged into a distal bronchus and aspi-
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rated secretionswererecovered. No fluid wasin-
stilled during any of the procedures. Qualitative
cultures were performed. The main outcomes
measured were VAP and mortality. The study was
approved by the Hospital Review Board.

Statistical analyses were conducted with
STATA version 7.0. Theinfluence of multiplerisk
factorswas assessed by performing linear regres-
sionanalysisonclinical settingsand interventions
to compareinfantswith and without VAP, Differ-
enceswere considered significant when ap-value
<0.05 was obtained.

RESULTS

Baseline characteristics of the infants

A total of 170 infants was entered into the
study. The admissions were mainly due to pre-
maturity, respiratory distress syndrome, and birth
asphyxia. Most were admitted on the first day of

life. Baseline demographicinformation oninfants
who developed VAP, and those without, showed
no difference in sex, gestational age, birth as-
phyxia, hypoglycemia, hyperbilirubinemia, or
prematurity (Table 1).

Rates of VAP

VAPoccurredin 85infants, arate of 50 cases
per 100 mechanically-ventilated infants, or 70.3
cases per 1,000 ventilator days. The mean dura-
tion of mechanical ventilation prior to the diag-
nosis of VAP was 9 days (range 2-36 days).

The mean birth weight of infants with VAP
was significantly lower than that of infants with-
out VAP (1,898 vs 2,214 g; p=0.01). Eighty per-
cent of infants who got VAP weighed less than
2,500 g (Table 2). Infants with VAP had longer
duration on ventilator (14.2 days vs 5.9 days;
p<0.001) and longer hospital stay (28.2 days vs
13.8 days; p<0.001).

Factors associated with VAP
Significant clinical parameters, ie sex, birth

Table 1 asphyxia, hypoglycemia, hyperbilirubinemia, pre-
Baseline demographic information of infants maturity, umbilical catheterization, respiratory
with and without VAP, distress syndrome, insertion of orogastric tube,
: hematocrit, leukocyte count, percentage of neu-
Varigble VAP~ Non-VAP p-value trophils, pH, pCO,, pO,, were assessed (Table 3).
(N=85)  (N=85) Stepwise logistic regression analysisidentified 3
Male 57 58 0.77 factorsto beindependently associated with VAP:
Gestational age (wk)  33.8 35.1 0.07 umbilical catheterization [adjusted odds ratio
Birth asphyxia 35 34 0.71 (AOR)=2.5; 95% Cl=1.3to 4.7; p=0.007]; respi-
Hypoglycemia 15 12 0.81 ratory distress syndrome (AOR=2.0; 95% CI=1.0
Hyperbilirubinemia 55 41 0.14 to 3.9; p=0.03); and insertion of orogastric tube
Prematurity 61 53 0.60 (AOR=3.0; 95% CI=1.3 to 7.2; p=0.01).
Table 2
Clinical outcomes of infants with and without VAP,
Variable VAP Non-VAP p-value
Mean birth weight (g) 1,898 2,214 0.01
<1,500 g N(%) 34 (40.0) 22 (25.9) 0.05
1,501-2,500 g N(%) 34 (40.0) 34 (40.0) 1.00
>2,500 g N(%) 17 (20.0) 29 (34.1) 0.04
Duration of mechanical ventilation (day) 14.2 5.9 <0.001
Hospital stay (day) 28.2 13.8 <0.001
Mortality rate (%) 294 30.6 0.87
<1,500 g N(%) 16 (64.0) 7(26.9) 0.26
1,501-2,500 g N(%) 5 (20.0) 9(34.6) 0.23
>2,500 g N(%) 4(16.0) 10 (38.5) 0.44
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Table 3
Adjusted odds ratio on clinical parameters
Parameter Adjusted odds ratio 95% ClI p-value
Sex 0.9 0.4-1.8 0.77
Birth asphyxia 11 0.6-2.3 0.71
Hypoglycemia 11 0.4-2.8 0.81
Hyperbilirubinemia 17 0.8-34 0.14
Prematurity 0.8 0.4-1.8 0.60
Umbilical catheterization 25 1.3-4.7 0.007
Respiratory distress syndrome 20 1.0-39 0.03
Orogastric tube 30 13-7.2 0.01
Hematocrit 1.0 0.9-1.0 0.78
L eukocyte count 1.0 0.9-1.0 0.73
Percentage of neutrophils 0.9 0.9-1.0 0.33
pH 0.3 0.0-5.0 0.66
pCQO, 0.9 0.9-1.0 0.95
po, 0.9 0.9-1.0 0.17
Table4
Organisms from endotracheal aspirate culture and hemoculture.
Organism Endotracheal aspirate Hemoculture
N=42 (%) N=17 (%)
Pseudomonas aeruginosa 21(38.2) 1(5.9
Klebsiella pneumoniae 15 (27.3) 3(17.6)
Acinetobacter spp 14 (25.4) 7(41.2)
Enterobacter spp 3(5.5) 4(23.5)
Coagul ase-negative staphylococcus 2(3.6) 2(11.8)
Polymicrobials 11 (12.9) -

Hematocrit, leukocytosis, percentage of neu-
trophils, and blood gas values (pH, pCO,, pO,)
did not differ in the two groups.

Distribution of pathogens

Gram-negative organisms were the major
cause of VAPIn this study. Microorganisms were
isolated in 42 specimens (49.4%) from endotra-
cheal aspirate culture, where Pseudomonas
aeruginosa, Klebsiella pneumoniae and Acineto-
bacter spp were predominant, andin 17 specimens
(20.0%) from hemoculture, where Acinetobacter
spp, Enterobacter spp and Klebsiella pneumoniae
were predominant (Table 4). Polymicrobial infec-
tion was found in 11 specimens (12.9%) from en-
dotracheal aspirate culture. Coagul ase-negative
staphylococcuswasthe only gram-positive organ-
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ism that accounted for the etiology of VAP. Most
of the bacterial isolates had significant antimicro-
bial resistance.

Complications

There were significant complicationsin in-
fants with and without VAP (Table 5).

Infant mortality

Twenty-fiveinfants with VAP and 26 infants
without VAP died. The mortality of infants with
VAP (29.4%) did not differ significantly from that
of infants without VAP (30.6%) (p=0.87) (Table
2). The mortality rate increased in infants with a
birth weight lessthan 1,500 g. Among infantswho
died, thosewith VAPhad longer duration on aven-
tilator (13.1vs4.0days, p<0.001). Organismswere
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Table5
Complications of infants with and without VAP.
Complication VAP Non-VAP
(N=85) (N=85)

Pneumothorax 0 5 (5.9%)
Intraventricular hemorrhage 0 1(1.2%)
Gastrointestinal bleeding 0 1(1.2%)
Pulmonary hemorrhage 1(1.2%) 0
Convulsion 3(3.5%) 0
Necrotizing enterocolitis 1 (1.2%) 2 (2.4%)
Apnea 2(24%) 1(1.2%)

Table 6

Organisms causing mortality.

Organism Numbers (%)
Pseudomonas aeruginosa 3(33.3)
Klebsiella pneumoniae 2(22.2)
Acinetobacter spp 2(22.2)
Enterobacter spp 2(22.2)

recovered from 9 infants, of which Pseudomonas
aeruginosa accounted for 33.3% of deaths (Table
6).

DISCUSSION

Few data are available on VAP rates in the
NICU and reported ratesvary for each study, Sto-
ver et al (2001) reported an overall rate of 0.9 per
1,000 ventilator days in infants of weight more
than 2,500 g, to 3.5 per 1,000 in those of weight
less than 1,000 g. Cordero et al (2002) found an
overall rate of 18.9% among low birthweight in-
fants. Therewasastrong correl ation between VAP
and duration of ventilator use (Gayneset al, 1991,
Drews et al, 1995). Other potential risk factors
for VAPhave been examined in severa large stud-
ies; theresultshave differed between study popu-
lations (Craven et al, 1990; Cook et al, 1998;
Elward et al, 2002).

Clinical interventions for monitoring and
therapeutic purposes can increase infants’ risk of
VAP, Placement of the enteral tube might enhance
nasopharyngeal and gastric colonization with
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gram-negative bacilli that could be aspirated into
the lower airway, initiating VAP (Atherton and
white, 1978; Penn et al, 1981; Pingleton et al,
1986), while umbilical catheterization induced
colonization as well as bloodstream dissemina-
tion of organisms (Drews et al, 1995; Gaynes et
al, 1996; Stover et al, 2001). Infants with respi-
ratory distress syndrome underwent prolonged use
of mechanical ventilatory support, which poten-
tiated exposureto contaminated respiratory equip-
ment and contact with comtaminated or colonized
hands of healthcare workers in the NICU (Cra-
ven et al, 1986).

There was a limitation in the sampling pro-
cedures used to obtain microbiologic specimens
from the small respiratory tract in our study, in
that invasive techniques to distinguish infection
from colonization are not practical or feasibleand
may be harmful in small infants. They can im-
pair blood-gas exchange, delay treatment, and
lead to sepsis. The role of the protected-speci-
men brush (PSB) or bronchoalveolar lavage
(BAL) in devising a therapeutic strategy supe-
rior to one based only on clinical evaluation has
not been evaluated in infants (Chastre et al, 1994,
Niedermann et al, 1994; Sanchez-Nieto et al,
1998). Percutaneous transthoracic aspirationis a
definitive diagnostic procedure but is not com-
monly performed (Dorca et al, 1995). Endotra-
cheal aspirate is the simplest means of obtaining
respiratory secretionsfrom infantsreceiving me-
chanical ventilation. Further study is needed to
focus on practical issues to develop more reli-
able and less invasive diagnostic techniques and
tools, and to search for safer and more cost-ef-
fective procedures in newborn infants (Papazian
et al, 1995).

Gram-negative bacilli comprised nearly the
whole isolates from cultures of specimens ob-
tained from endotracheal aspirate and blood.
Aerobic gram-negative bacilli are implicated in
awide spectrum of nosocomial infections in the
ICU. Their emergence as significant pathogens
seems to be related partly to the widespread use
of broad-spectrum antibiotics, and partly to their
ability to develop resistance rapidly to the major
groups of antibiotics (Johanson et al, 1969;
Schaberg et al, 1991; Trouillet et al, 1998; Wa-
terer et al, 2001). Coagulase-negative staphylo-
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coccus was the only gram-positive organism that
accounted for the etiology of VAP and was asso-
ciated with umbilical or central intravenous cath-
eters (Freeman et al, 1990; Gaynes et al, 1996;
Avila-Figueroaet al, 1998). Multiresistant strains
of Acinetobacter, Klebsiellaand Pseudomonasare
difficult totreat and areimplicated in awide spec-
trum of nosocomial infections, predominantly in
the ICU (Bergogne-Berezin, 1995; Towner,
1997).

VAP was the most common nosocomial in-
fection contributing to death (Fagon et al, 1993;
1996). Mortality depended on birthweight, dura-
tion on ventilator and virulence of pathogen; those
with lower birthweight and longer duration on
ventilator were at higher risk (Hemming et al,
1976; Goldman et al, 1983). VAP caused by
Pseudomonas aeruginosa had a higher rate of
mortality (Taylor et al, 1995; Cunha, 2001). Fagon
et al (1996) suggesting that in addition to the se-
verity of underlying medical conditionsand noso-
comia bacteremia, VAP independently contrib-
utesto ICU patient mortality.

Since some clinical interventions increase
the development of VAP, clinical guidelines for
the treatment of VAP should be developed
(Ibrahimet al, 2001), pediatricians should under-
stand its epidemiology and participate in control
measures, by reducing the risk of cross-contami-
nation during mechanical ventilation, preventing
colonization and aspiration, and caring for enteral
tubes and umbilical cathetersin sick infants.
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