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Ventilator-associated pneumonia (VAP) is the most commonly-acquired infection in patients in intensive care
units. We analyzed epidemiological and microbiological characteristics and the outcome, in a cohort of critically-
ill patients with confirmed diagnosis of VAP. All patients who had been on mechanical ventilation (MV) for more
than 48 hours were included in our study; material collection for microbiological analysis was done within the
first 24 hours after beginning treatment or after changing antibiotics. There were 55/265 (20.7%) VAP cases
diagnosed, at a rate of 21.6 episodes per 1,000 days of mechanical ventilation. Mean age of the patients was 66
years, with a mean APACHE 11 score of 26.7 + 7.0; male patients were more prevalent. The mortality rates in the
intensive care unit (ICU) and during the hospital stay were 71% and 80%, respectively. MV duration in patients
with VAP was 17 (range 3-43) days and among patients who had not developed VAP, 6 (2-32) days (p < 0.0001). 98.2%
of the samples were positive, with a high prevalence of Gram-negative bacteria, mainly Acinetobacter calcoaceticus.
Risk factors for death included age, MV duration and surgery. VAP incidence in this sample of critically-ill
patients was high, with a high mortality rate. Control and prevention strategies based on continuing education of
healthcare workers, developed by a multidisciplinary team, should be encouraged to minimize morbimortality of

this infection.
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Ventilator-associated pneumonia (VAP) isthe main cause
of nosocomial infection in an intensive-care setting. VAP
diagnosis is difficult, due both to the lack of well-defined
clinical criteria and the overlap of symptoms with those of
nosocomial pneumonia. American medical literature statesthat
the mean incidence rate of VAP is 7 cases per 1,000 days of
mechanical ventilation, ranging from 1 to over 20 cases per
1,000 days of mechanical ventilation [1,2]. VAPisthe main-
acquired infection during stay in an intensive care unit (ICU),
diagnosed in up to 60% of patients. Itsincidence variesfrom
23% to 28% in patients submitted to orotracheal intubation
and mechanical ventilation, when we examine patients who
do not have acute respiratory distress syndrome (ARDS) and
37% to 60% in patients with ARDS [3,4]. Mortality rates
associated with this condition are high, from 25% to 50%, and
may reach 70% if the pulmonary infection is caused by
multiresistant microorganisms|[5,6].

Some predisposing factors, such as age, level of
consciousness, trauma, burns, and the severity of the
underlying disease are associated with a high risk for
developing VAP; previous use of antibiotics and mechanical
ventilation duration are the main factors involved. The
highest rate of development of VAP occurs on about the
fifth day of mechanical ventilation, reaching an incidence
plateau after 15 days of mechanical ventilation, when the
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risk begins to fall, which explains the low rates of VAP
observed in chronically-mechanically-ventilated patients
[7].

Though an etiological investigation, composed of
guantitative cultures from VAP patients (bronchoal veolar
lavage fluid obtained through bronchoscopy with or without
aprotected catheter or smply collected by tracheal aspiration)
is important for the optimization of antibiotic use [8], this
recommendation is not universally accepted due to the lack
of objective studies that demonstrate the benefit of these
procedures[9]. There have been few trialsmadewith critical ly-
ill-patient popul ations concerning theimportance of such data
for clinical practice[10Q].

We examined the epidemiological and microbiological
characteristics and the outcome of critically-ill patients
submitted to mechanical ventilation for 48 hours or more and
who have clinical diagnosisof VAP,

Materials and Methods

Ours was an observational, prospective study of a
consecutive cohort of patientsin a 20-bed ICU of atertiary
teaching hospital, conducted during eight months (from
October 1, 2003to May 31, 2004), after approva fromthelocal
ethicsin research committee.

All patients in our hospital submitted to mechanical
ventilation for morethan 48 hourswereincluded in the study.
Clinical diagnosis of VAP was defined as the presence of a
new and/or progressive lung infiltrate in a chest X-ray,
associated with at least two of thefollowing criteria: (1) purulent
tracheal secretion; (2) white blood cell count > 12,000 or <
4,000/mm3 or bands count > 10%; (3) axillary temperature >
38°Cor <36°C; and (4) worsening of PaO,/FiO, ratio > 15%in
the previous 48 hours.
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Patients with alow-survival expectancy in 30 days, who
were diagnosed with acquired-immunodeficiency syndrome,
were under chemotherapy, were agranulocytopenic or who
were submitted to noninvasive-mechanical ventilation were
excluded from the study.

All patients included in the study were submitted to the
collection of demographic data and other variables useful to
calculate Acute Physiology and Chronic Health Evaluation 11
(APACHE 11) [11] and the Sequential Organ Failure
Assessment (SOFA) [12] scores, considering theworst scores
inthe previous 24 hours beforeinclusioninthe study. Sepsis-
consensus conference criteria 13] were used to define organic
dysfunction, and the worst results obtained 24 hours before
inclusion in the study, as well as results from the
microbiological examination were used to calculate the Clinical
Pulmonary Infection Score (CPIS) [14]. All patients were
followed up until discharge from the hospital.

All patientswere submitted to materia collectionfor culture
(bronchoalveolar lavage fluid, tracheal aspirate and blood
culture), within the first 24 hours after the beginning of
antibiotic treatment or after changing antibiotics. Preferentialy,
fluid material was collected through bronchoalveolar lavage
by bronchoscopy, due to the high sensibility and specificity
of diagnosis of thistype of material [15]. However, when it
was not possible to submit patients to bronchoscopy within
the first 24 hours after beginning a new antibiotic, material
collection was done through tracheal secretion aspiration.
Parameters used to define infection were: bronchoalveolar
lavage fluid by bronchoscopy > 10* colony-forming units
(CFU)/mL andtracheal secretion aspiration>10° CFU/mL [16].

All patients included in our study had been empirically
treated with antibiotics according to astandard protocol (Figure
1), elaborated by the ICU staff, together with the Infection
Control Group, in February 2003; antibiotic therapy was
considered adequate when the isolated microorganism was
found susceptible to the prescribed antibiotic based on
examination of the bronchoalveolar lavage fluid by
bronchoscopy or through tracheal -secretion aspiration.

The following routine-care procedures were maintained
for all patients submitted to mechanical ventilation: nurseand
physiotherapist assistance, use of a filter Heat-Moisture
Exchanger (HME), tracheal aspirationin aclosed system, ora
hygiene with chlorexidine, supraglotic aspiration and semi-
recumbent position. Systematic change of respiratory circuits
was not routinely performed.

Patients included in the study were compared to patients
without diagnosis of lung infection in relation to mechanical
ventilation duration; the similarity among groups was
analyzed through APACHE Il and SOFA scores. Data were
expressed as mean + standard deviation, median, and
interquartil interval or percentages. Quantitative variableswith
anormal distribution were analyzed with parametric methods
(Student-T test) and qualitative variables or irregularly-
distributed variables were analyzed with non-parametric
methods (Chi-square, Fisher exact and Mann Whitney tests).

Statistical significancewas considered when p < 0.05 (2-tailed).

The patientswere classified asclinical or surgical patients.
Antibiotic prophylaxis had been prescribed to all surgical
patients. Surgerieswere classified as elective or non-elective.

Results

During the study period, 496 patients were submitted to
mechanical ventilation; 265 of these patients were submitted
to mechanical ventilation for at least 48 hours, for atotal of
2,546 days of mechanical ventilation. In the subgroup of
patients submitted to mechanical ventilation for morethan 48
hours, therewere 55 cases of VAP (20.7%), with arate of 21.6
cases per 1,000 mechanical ventilation days.

The duration of mechanical ventilation in patients with
VAP was 3 to 43 days, with median of 17 days. In patients
without diagnosis of VAP, mechanical ventilation duration
was 2 to 32 days, with median of 6 days (p < 0.0001, Figure 2).
The main demographic characteristics of the patients who
developed VAP are presented in Table 2. Mean age was 66
years, with aprevaence of male patientsand | CU and hospital -
mortality rateswere 71% and 80%, respectively.

At diagnosis of VAP, patients had been in the hospital, in
the ICU and/or had been on mechanical ventilation for long
periods. Moreover, VAP patients had longer total hospital
and ICU stays, aswell aslengthier total mechanica ventilation
periods (Table 3).

Among 55 patientswith aclinical diagnosisof VAR, all but
one was found to be infected based on microbiological
analysisof bronchoal veolar lavage fluid or tracheal secretion,
with a high prevalence of Gram-negative rods, mainly
Acinetobacter calcoaceticus. Among blood cultures, only
58% showed growth of any microorganism (Table4).

Univariate analysis of patients with VAP demonstrated
the following risk factors for mortality: age, mechanical
ventilation duration and surgery. Clinical patients had
significantly lower mortality rates. Therewas higher mortality
among patientswith inadequate empirical antibiotic therapy;
however, this difference was not significant (Table5).

Outcome analysis of patientswith positive blood cultures
gaveno significant differences, with 28/44 (64%) deathsand
4/11 (36.4%) hospital discharges(p=0.09).

Clinical patients had both shorter ICU and hospital length
of stay before VAP diagnosis, and lower prevalence of
inadequate empirical antibiotic therapy than did surgical
patients; this was especially evident among patients
transferred from the emergency room. Thismay bethe reason
for the lower mortality rateinthisgroup of patients(Table6).

Discussion

VAPisthe most common nosocomial infection in patients
who need mechanical ventilation [1]; the cumulative risk of
developing pneumoniais 1% daily in these patients [9]. We
found a 21% VAP incidence of, with longer mechanical
ventilation duration in patients who developed infection,
compared to patients without infection.

www.bjid.com.br
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Figure 1. Standard protocol for empirical therapy of patients on mechanical ventilation (MV) who develop ventilator-associated
pneumonia (VAP) at the Hospital do Servidor Publico Estadual de Sao Paulo at the time of teh study.

VAP
EARLY INTERMEDIATE LATE

(<4 MV days)

(5 — 10 MV days)

)

l

m

/M S m/M S

(> 10 MV days)

Cefepime / Vancomycin Piperacillin / Vancomycin
Ciprofloxacin + Tazobactam +
Cefepime / Imipenem
Ciprofloxacin +/ -
+/ - Aminoglycoside
Aminoglycoside
v
Ceftriaxone
+
Clarithromycin
(*) > 4 days in hospital; m /M = mild / Moderate; S = severe

Table 2. Demographic data of ventilator-associated pneumonia
patients in the intensive care unit of the Hospital do Servidor
Publico Estadual de Sdo Paulo

Table 3. Time, in days, that the patients spent in the intensive
care unit (ICU), in the hospital and on mechanical ventilation

Periods Mean + Standard

Variables Characteristics deviation
Age (years) 66.1+12.7 Hospitalized before VAP diagnosis 18.7+16.1

o In the ICU before VAP diagnosis 8.2+5.1
Male (%) 69.1 X o
Surei . o On mechanical ventilation before 74+5.0

urgical patients (%) 509 . .

Clinical patients (%) 49.1 VAP dl?gnosw o .

p : Mechanical ventilation duration 18.7+8.5
APACHE II'score 26.7+70 In the ICU (total) 232+10.0
SOFAscore 9.2+33 In the Hospital (total) 4134247
CPIS score 9.0+1.8

VAP=ventilator-associated pneumonia.

www.bjid.com.br
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Table 4. Prevdence of microorganismsisolated from bronchoaveolar lavage fluid, tracheal secretion and blood culturesin patients
diagnosed with ventilator-associated pneumoniain theintensive care unit of the Hospital do Servidor Publico Estadua de S&o Paulo

Bronchoalveolar lavage

Tracheal aspirate (%) Blood cultures (%)

fluid (%) (N / total) (N/total) (N/total)
Total prevalence 49/50 (98) 46/50 (92) 32/55 (58)
Acinetobacter calcoaceticus 26/49 (53) 25/46 (%4) 9/32 (28)
Pseudomonas aeruginosa 13/49 (27) 11/46 (24) 5/32 (16)
Staphylococcus aureus 0/49 (0) 2146 (4.3 6/32 (19
Enterobacteria* 9/49 (18) 6/46 (13) 9/32 (28)

* Enterobacteria include: Klebsiella pneumoniae, Serratia marcences, Providencia stuart, Enterobacter sp. and Proteus sp.

Table 5. Univariate analysis of characteristics of ventilator-associated pneumonia (VAP) patients divided according to mortality

status

Variables Died (N =39) Alive (N =16) pvalue
Age (years) 69.4+9.5 58.1+16.1 0.002
APACHE I score 268+6.9 264+74 NS
SOFA score 9.0+34 95+33 NS
CPISscore 89+18 91+19 NS
Mechanical ventilation duration (days) 20.6+85 14.1+6.8 0.009
Mechanical ventilation duration before VAP diagnosis (days) 74+41 7.6+6.5 NS
ICU length of stay (days) 237+10.1 21.7+10.0 NS
Hospital length of stay (days) 40.7+24.9 426+24.9 NS
ICU length of stay before VAP diagnosis (days) 82+4.6 83+6.3 NS
Hospital length of stay before VAP diagnosis (days) 195+154 16.7+18.0 NS
Male (%) 64.1 8L3 NS
Clinical patients (%) 385 750 0.030
Surgical patients (%) 615 250 0.030
Elective surgical patients (%) 359 250 0641
Non-elective surgical patients (%) 256 00 004
Inadequate empirical antibiotic therapy (%) 359 188 NS
Need of changing antibiotic (%) 795 625 NS

NS=not significant; ICU=intensive care unit.

Table 6. Number of days that patients were in the hospital
until ventilator-associated pneumoniadiagnosis and number
of patientswith inadequate empirical antibiotic therapy

Variables Clinical Surgical Pvalue
patients  patients
(N=27) (N=28)
ICU length of stay” 6(5-12 7(@42-12) 005
Hospital length of stay” 11 (6-21) 18 (75-262) 0.006
Inadequate empirical 5 2 0.008
antibiotic therapy

* Median (25-75 percentile). |ICU=intensive care unit.

Figure 2. Number of days on mechanical ventilation for
patients with and without ventilator-associated pneumonia

(VAP) diagnosis.

Comparison of number of mechanical ventilation days between patients with and

without VAP diagnosis

50 -

40

DAYS

30 -

*P < 0.0001 (Wilcoxon
test)

VAP
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A European study [17] demonstrated that pneumoniais
the leading cause of acquired infection in the ICU, with a
prevalence of 46.9%. In the United States, another study with
VAP patientsfound a9.3% incidencerate[18].

VAPisthe most prevalent nosocomial infection; its high
incidence in our sample could be a consequence of various
factors, such as the severity of the underlying disease of
patientsincluded in the study (APACHE Il score above 16),
advanced age and prolonged mechanical ventilation duration.
Thesefactors, associated with the need for food administration
through a nasogastric tube and prolonged sedation [19] are
associated with a higher risk of developing VAP. In Brazil,
epidemiological dataon theincidence and prevalence of VAP
inan1CU setting arerare, but some studies have demonstrated
high prevalencerates (about 20% to 40%) [20,21].

In our study, |CU and hospital mortality rateswere 71 and
80%, respectively. The risk of death in patients with |CU-
acquired pneumoniais 2 to 10 timeshigher [22,23]. Although
some analyses indicate that VAP is a severe disease, it has
not yet been clearly demonstrated that pneumoniais afactor
responsible for increased mortality, due to the difficulty in
making the diagnosis, divergent clinical criteriaamong studies
and lack of a standard test that allows objective diagnosis of
this disease. However, necropsy data on 200 patients led to
the conclusion that nosocomial pneumoniaisresponsiblefor
60% of fatal infectionsin hospitals, being the leading cause
of death due to hospital-acquired infections [24].

In spite of the high mortality rate among VAP patients, we
observed that therisk factors associated with apoor prognosis
were age, mechanical ventilation duration and patients
submitted to surgical interventions, especially non-elective
surgeries. Clinical patientshad lower mortality rates, especialy
clinical patientstransferred to the | CU from theemergency room.

Advanced age clearly affectsthe outcome of VAP patients,
since older patients do not have significant functional reserves
and usually have an unfavorable outcome when they are
severely infectioned. Some studies have shown that advanced
age is an independent and important mortality factor in
patientswith severeinfections[25,26]. Moreover, the longer
the mechanical ventilation period, the longer the length of
stay in the hospital and concurrently, the greater both the
colonization rateand theincidence of resistant bacteria. There
are reports [27,28] of mortality rates of approximately 70%
when resistant bacteriawereinvolved in VAP,

The poor outcome in patients submitted to surgical
interventions, especially non-elective surgeries, may be
attributable to the fact that these surgeries can become
contaminated, since these patients normally do not have
adequate pre-surgical preparation. We found longer hospital
staysand ahigher prevalence of inadequate antibiotic therapy
inthisgroup of patients. On the other hand, clinical patients,
especially those who were transferred from the emergency
room, had shorter hospital stays and a lower prevalence of
inadequate empirical antibiotic therapy, leading to lower
mortality ratesin this subgroup of patients.

Inadequate empirical antibiotic therapy choice increased
mortality; however, this increase was not significant in our
study. Changes in empirical antibiotic therapy were more
common in patientswho did not survivetheir disease episode.
Many authors[22,29-32] have reported that initial inadequate
antibiotic therapy is associated with poor prognosis and
increased mortality rates, which ranged from 26% to 91%
[22,29-32]. In critically-ill patients, such asthoseincluded in
our study, inadequate antibiotic therapy may also result in
decreased treatment efficacy, as well as delays in the
administration of antibiotics.

Early introduction of broad-spectrum antibiotics, in
patients with clinical suspicion of nosocomial pneumonia,
decreases their bacterial load, minimizing risks and the
potential devastating consequencesof delaysin therapy [33].
Clinical information about risk factorsfor the devel opment of
VAP, including comorbiditiesand previous use of antibiotics,
may help to determine the best initial treatment choice.

Among the markers of disease severity, both APACHE I
and SOFA scores did not differentiate patients who later
survived from those who did not survive; consequently,
different from previous studies[19], the mortality ratesof our
VAP patientswere not influenced by the previous health status
of these patients. Consequently, pneumonia appears to be
crucia for these patients, asit provoked high mortality rates.

We found that clinical diagnostic criteriawere useful for
investigating VAP patients, once means CPI S scorewas 9.0. +
1.8. Though some authors consider CPIS scores higher than
6.0to give 100% specificity for VAPdiagnosis[14], wefound
mean values of CPI S scores markedly higher than 6.0. Besides
clinical diagnosis, 98% of the patientsincluded in our study
had confirmation of VAP through bacteriological culture of
bronchoalveolar lavagefluid, tracheal secretion and/or blood.

We suggest that clinical-radiological criteriamay be used
for theinitia clinical diagnosisof VAPand local knowledge of
the most prevalent microorganisms should be used to guide
empirical antibiotic therapy. Wunderink et a. [34] reported
that clinical findingswere good predictorsfor VAPdiagnosis,
based on eight studies.

Gram-negative rods were the most frequent
microorganismsin the cultures; Acinetobacter calcoaceticus
was the most common species. This bacterium has been
responsible for about 50% of the nosocomial infections
acquiredin our ICU; mechanical ventilation duration, timein
the ICU and in the hospital were positively correlated with
VAPdiagnosis. Consequently, timein the hospital before VAP
diagnosisisuseful for defining adequate empirical antibiotic
therapy choices, like mechanical ventilation duration and
previous use of antibiotic therapy [35].

Unexpectedly, we found a low prevalence of
Staphylococcus aureus in the respiratory secretions of the
patients; athough this microorganism was present in 19%
among patients who had positive blood cultures. Non-
fermenting Gram-negative bacteria can mask Gram-positive
bacterial growth [36]; consequently, Staphylococcus aureus

www.bjid.com.br
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can become an important causative agent of VAP, especially
in patientswho haverisk factorsfor VAPand are on mechanical
ventilation for extended periods.

One of the greatest challengesin treating VAP patientsis
to establish an early and precise diagnosis. In patients with
inadequate antibiotic therapy, delays in changing the
therapeutic regimen can interfere unfavorably in the outcome
of these patients[37]. When changes in antibiotics are based
on early etiological diagnosis, patient outcome can improve
[32]. The outcome of VAP depends on rapid identification of
the causative microorganism; consequently, awell-equipped
microbiology laboratory isessential.

Considering the high prevalence rates and high morbidity
and mortality ratesassociated with VAP, prevention strategies
arehighly recommended and necessary. SENIC (Study on the
Efficacy of Nosocomial Infection Control) concluded that
about athird of all nosocomial infections could be prevented
with adequate control and educational programs for health-
careworkers[38].

After our study, we changed the empirical therapy protocol
for VAPpatientsinthe | CU of our hospital, adjusting treatment
according to the susceptibility profile of the most-commonly-
i solated microorganisms, also taking into account mechanical
ventilation duration, previous use of antibioticsand risk factors
for acquisition of multi-resistant pathogens.

In conclusion, VAPincidenceinthiscohort of critically-ill
patients was high, and there was a high mortality rate; it was
evident that this is an important disease for this group of
patients. Advanced age, prolonged mechanical ventilation
duration and surgery were risk factors associated with high
mortality rates.

Though clinical diagnosis is adequate, bacterial
confirmation is recommended based on knowledge of local
epidemiological and susceptibility profiles. As inadequate
empirical antibiotic therapy iscommon, and frequent changes
are made from the initia antibiotic therapy, prevention and
control programs based on continuing medical education of
health care workers should be encouraged in order to minimize
themorbimortality ratesof VAPIn critically-ill patients.
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