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Ventilator-Associated Pneumonia in an Adult Clinical-Surgical Intensive Care Unit of a Brazilian
University Hospital: Incidence, Risk Factors, Etiology, and Antibiotic Resistance

Laura de Andrade da Rocha!, Carolina Assis Pereira Vilela!, Renata Cristina Cezario', Alair Benedito Almeida’ and Paulo Gontijo Filho!
'Institute of Biomedical Science, Federal University of Uberlandia; *Intensive Care Unit of Clinical Hospital of Federal University of

Uberlandia; Uberlandia, MG, Brazil

The objective of this study was to evaluate clinical characteristics, etiology, and resistance to antimicrobial agents,
among patients with ventilator-associated pneumonia (VAP). A case study vs. patients control under mechanical
ventilation and hospitalized into clinical-surgical adults ICU of HC-UFU was performed from March/2005 to March/
2006. Patients under ventilation for over 48 h were included in the study including 84 with diagnosis of VAP, and 191
without VAP (control group). Laboratory diagnosis was carried out through quantitative microbiological evaluation
of tracheal aspirate. The identification of pathogens was performed by classical microbiological tests, and the
antibiotics sensitivity spectrum was determined through the CLSI technique. VAP incidence rate over 1,000 days of
ventilation was 24.59. The mean (+ SD) duration of mechanical ventilation prior to VAP diagnosis was 23.2 + 17.2
days. By multivariate analysis the risk factors predisposing for VAP were: mechanical ventilation time and mechanical
ventilation > seven days, tracheostomy and use of > three antibiotics. Mortality rate was high (32.1 %) but lower
than that of the control group (46.5%). Major pathogens were identified in most of patients (95.2%) and included:
Pseudomonas aeruginosa (29 %), Staphylococcus aureus (26 %), Enterobacter/Klebsiella/Serratia (19 %) and Acinetobacter
spp. (18%), with expressive frequencies of P. aeruginosa (52%), S. aureus (65.4%) and Enterobacteriaceae (43.7%)
resistant to imipenem, oxacillin and 3/4 generation cephalosporins, respectively. In conclusion, our observation
showed VAPs caused by multiresistant microorganisms, the prescription of > three antibiotics, and mortality with
unacceptably high rates. The practice of de-escalation therapy appears to be urgently needed in order to improve the

situation.
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Pneumonia is the most common infection in the intensive
care unit where it accounts for 31% and 47% of nosocomial
infections in Europe and US hospitals, respectively [1,2]. The
development of nosocomial pneumonia after 48 h or later
among intubated and mechanically ventilated patients is
known as ventilator-associated pneumonia (VAP) [3]. Hospital-
acquired pneumonia (HAP) is the leading cause of mortality
attributed to nosocomial infections [4]. Approximately 60% of
all deaths in patients with nosocomial infections are associated
with HAP/VAP, and the reported hospital mortality rates for
HAP/VAP range from 20% to 70% [5]. Attributable mortality
in patients with VAP can account for up to 50% of all deaths
[6,7]. Additionally, the occurrence of VAP prolongs the duration
of hospital stay by six to 30 days and incurs additional medical
expenses ranging from $5,000 to $40,000 per case [3,5,7].

The initial choice of antimicrobial regimen appears to be
of critical importance in determining the eventual clinical
outcomes in patients with VAP, particularly hospital mortality.
Early, aggressive, empirical therapy with broad-spectrum
agents targeted at likely pathogens has been associated with
a reduction in VAP mortality rates [8-10], with significantly
higher VAP-attributable mortality rate among patients with
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initially inadequate antimicrobial coverage compared with
adequate empirical regimens [9,10].

The concept of de-escalation therapy is emerging as an
effective strategy for the management of VAP and other serious
infections [11,12]. This concept entails the early implementation
of broad-spectrum empirical coverage followed by a regimen
driven by microbiological documentation. This strategy, while
ensuring a high likelihood of adequate initial coverage, at the
same time avoids the long-term use of unnecessary antibiotic,
thereby minimizing resistance concerns [13] limiting the
selective pressure of antimicrobial agents onward the
microorganism [14].

There is evidence that rates of VAP are higher in countries
with limited resources [15], although lack of specificity in the
definition of pneumonia makes it difficult to be confident of
this assertion. By the way, in contrast to US data, respiratory
tract infections have been found to be the most frequent
nosocomial infection in Brazil [16]. A major important barrier
in the field of infection control is the rarity of microbiology
support and/or the fact that the physicians lose confidence in
microbiology data and as a consequence it is common to start
antibiotics without even asking for specific cultures [16].

The objective of this study was to determine the incidence
and risk factors for VAP, and to evaluate the pathogens
associated and their resistance profile in ICU patients at a
Brazilian university hospital.

Material and methods
Patients. Hospital and ICU

Uberlandia Federal University Hospital is a 500-bed
teaching hospital. The hospital has an adult ICU with 15 beds
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for medical and surgical patients.

Design

A case-control study was performed. Two hundred and
seventy-five patients were eligible for inclusion in the study
(80 cases and 191 controls), meeting the following criteria:
hospitalized, intubated and receiving mechanical ventilation
> 48 hours, and > 15 years of age, from March 2005 to March
2006.

Definitions

Pneumonia was considered ventilator associated when
its onset occurred after 48 hours of mechanical ventilation
and it was diagnosed when new, persistent pulmonary
infiltrates appeared on chest radiographs and, at least two of
following criteria were also required: (1) fever of > 38°C, (2)
leukocytosis of 10,000lmm? or greater, and (3) purulent
respiratory secretions. In cases of clinically suspected
pneumonia, endotracheal aspirate (EA) was performed early
in the morning; and the diagnosis of VAP was established
with a positive quantitative culture (cut-off point > 10° CFU/
mL).

To analyze the predisposing factors for development of
VAP, the following variables were evaluated: age, gender,
underlying diseases (diabetes mellitus, COPD and infection
on admission), diagnosis at hospitalization, total ICU stay,
antibiotical and corticosteroid therapy, length of mechanical
ventilation, tracheostomy, and presence of a central venous
catheter.

Statistical Analysis

Univariate analysis was used to compare variables for the
outcome groups of interest. Continuous variables were
compared using Student’s ¢ test for normally distributed
variables. The y? statistic or Fisher’s exact test was used to
compare categorical variables. Multivariate analysis was
performed using multiple logistic regression with stepwise
approach for entering new terms into the BioEstat model with
0.05 as the limit for their acceptance or removal [17]. All p-
value lower than 0.05 were considered significant.

The study was approved by the UFU Ethical Committee
because it required access to and use of protected information,
but, as most of the eligible patients were sedated for mechanical
ventilation and because of the purely observational nature of
the study, informed consent was waived.

Results

During the study period, 275 patients were admitted to the
ICU in mechanical ventilation. The VAP patients and control
group demographics are shown in Table 1. Amongst all patients
requiring MV, 84 (30.5%) developed VAP, and 80 (95.2%) of
them had just one VAP episode with positive cultures.

Late onset VAP occurring after four days was found in 67
cases (79.7%), while early onset VAP occurred in 17 cases
(20.3%). The device-related incidence rate for VAP was 24.59/

1,000 ventilation days.

The patients with VAP were statistically more likely to
receive treatment with corticosteroids and to require
tracheostomy and central vascular catheterization than
controls. Univariate analysis also indicated that stay in ICU >
seven days and ventilation > seven days were significantly
associated with VAP.

There was no statistically significant difference in hospital
mortality among patients with and without VAP (32.1% vs.
46.5%, respectively. p = 0.12) as well as when the age was
taken in consideration (47.8 + 17.4 years vs. 48.2 + 18.7 years,
p = 0.86). On the other hand, patients with VAP had a
significantly longer duration of mechanical ventilation (23.2
+16.9 days vs. 9.2 + 6.7 days, p < 0.001) compared to patients
without VAP.

Multivariate analysis (Table 2) showed that length of MV
(OR = 1.10; 95% IC = 1.04-1.17; p = 0.001), mechanical
ventilation = seven days (OR =7.86; 95% CI = 1.64-37.61;p=
0.01), tracheostomy (OR =3.09; 95% CI=1.28-7.45;p=0.012),
and use of > 3 antibiotics (OR =4.57;95% CI=2.13-9.82; p<
0.001) were independent risk factors for the development o
VAP.

The use of antibiotics is shown in Table 3. The univariate
analysis of prescription of the several classes showed
significant differences in terms of vancomicin use (OR =3.337;
95% IC = 1.84-6.21; p < 0.001), fourth generation
cephalosporins (OR = 2.4; 95% IC = 1.31-4.71; p < 0.05),
aminoglycosides (OR =5.32; 95% IC =2.49-11.49; p <0.001)
and carbapenens (OR =3.40; 95% IC = 1.83-6.35; p< 0.001),
besides the use of > 3 antibiotics of different classes (OR =
4.25;95% 1C=2.22-8.17;p<0.001).

The etiological agents of the VAPs are presented in tables
4 and 5. In 62 of the VAPs, one organism was identified, in 16
of the VAPs two different pathogens were found and in only
two cases, three agents were recovered. Pseudomonas
aeruginosa, (29 cases, 29.0%), Staphylococcus aureus (28
cases, 28.0%), Klebsiella-Enterobacter-Serratia group (19
cases, 19.0%) and Acinetobacter spp. (18 cases, 18.0 %) were
the leading etiologies of VAPs. Infection was monomicrobial
in 75.0% of patients and polymicrobial in 25.0% of VAPs.

Invitro sensitivity data from both Gram-positive and Gram-
negative isolates are shown in Tables 4 and 5. It was found a
high rate of multiresistant organisms, with highlight for
imipenem-resistant P. aeruginosa (52.0%), oxacillin-resistant
S. aureus (65.4%) and third/fourth generation cephalosporin-
resistant Klebsiella-Enterobacter-Serratia (43.7%).

Discussion

In spite of mechanical ventilation being an essential feature
of modern intensive care unit, it is associated with a substantial
risk for VAP, which is the most common nosocomial infection
in ICU, with an incidence rate ranging from 7% to more than
40% [18], and high health care costs [18] besides being the
number one cause of death from nosocomial infection in the
United States [19,20].
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Table 1. Risk factors for VAPs in patients under MV interned in adult the ICU of HC-UFU, in the period from March/05 to March/
06: case-control study

Patients
VAP Non-VAP OR 95% CI p-value
n=84) n=191)

Gender

Male 54 (64.2) 117 (61.2) 1.14 0.65-2.01 0.73

Female 30 (35.8) 74 (38.7) 0.88 0.50-1.55 0.73
Age (years) 47.8x17.4 482+ 18.7 0.86
Age =70 years 11 (13.0) 30 (15.7) 0.81 0.36-1.79 047
Hospital stay (days) 24.7+16.9 9.2+6.7 0.001
Hospital stay > 7 days 83 (98.8) 110 (57.5) 61.12 8.93-1206.4 0.001
Cause of ICU admission

Clinical 39 (46.4) 93 (48.6) 091 0.53-1.58 0.82

Surgical 19 (22.6) 5 (28.2) 0.74 0.39-1.41 040

Trauma 26 (30.9) 44 (23.2) 1.50 0.81-2.76 0.20
Comorbidities

Diabetes 12 (14.2) 22 (11.5) 1.28 0.56-2.89 0.65

COPD 4 (1.1) 12 (6.2) 0.75 0.20-2.60 042
Use of corticoids 27 (32.1) 32 (16.7) 2.35 1.24-4.45 0.006
Time of MV (days) 232 +17.2 7.6+£54 0.001
Invasive procedures
MYV =7 days 8 (97.6) 87 (45.5) 49.01 11.40-236.71 0.001

cVvC 82 (97.6) 160 (83.7) 794 1.79-49.25 0.002

VP 78 (92.8) 172 (90.0) 144 0.52-4.20 0.60

Tracheostomy 50 (59.5) 20 (104) 12.57 6.37-25.06 0.001
Total mortality 27 (32.1) 89 (46.5) 0.63 0.36-1.12 0.12

Values are expressed as mean = SD and number of patients (%). VAP - ventilator-associated pneumonia, ICU - intensive care unit,
COPD - chronic obstructive pulmonary disease, MV- mechanical ventilation, CVC - central vascular catheter; VP- vesical probe.

Table 2. Multivariate analysis of risk factors for VAPs in patients under MV interned in the adult ICU of HC-UFU, from March/
05 to March/06

B SE Wald x2 p value Exp(B) 95% CI of Exp (B)
MYV Time 0.102 0.032 10.373 0.001 1.107 1.041-1.178
MV >7 days 2063 0.798 6.680 0.010 7.869 1.646-37.613
Tracheostomy 1.128 0449 6.309 0012 3.091 1.281-7.454
Use > 3 antibiotics 1.521 0.390 15.246 0.000 4577 2.133-9.822
Constant -5.027 0.760 43,799 0.000 0.007 —

B: beta; SE: standard error; Wald &% chi-square; df: freedom degree; Exp: exponent; CI: confidence interval.

Table 3. Prescription of antibiotics according to different classes by patient interned in the adult ICU of HC-UFU, in the period
from March/05 to March/06

Patients
VAP Non-VAP OR 959% CI p value
84 (%) 135 (%)

Vancomycin 54 (64.3) 47 (34.8) 3.37 1.84-6.21 0.001
Penicillins 39 46.4) 41 (30.3) 1.99 1.09-3.64 0.02
Cephalosporins

34G 21 (25) 41 (30.3) 0.76 0.39-1.48 048

40G 63 (75) 74 (54.8) 247 1.314.71 0.004
Aminoglycosides 32 (38.1) 14 (10.3) 532 2.49-11.49 0.001
Carbapenems 44 (65.5) 33 (244) 340 1.83-6.35 0.001
Others” 55 (65.5) 71 (52.5) 1.71 0.94-3.12 0.08
Using 2> 3 antibiotics &4 (76.2) 58 (42.9) 425 2.22-8.17 0.001

“ Clindamycin, ciprofloxacin, levofloxacin, metronidazole, trimethoprim — sulfamethoxazole.
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Table 4. Etiology and resistance of Gram-negative bacteria associated to VAP in patients admitted in the adult ICU of HC-UFU,

from March/2005 to March/2006

Microorganism Antibiotic*

N (%) mMP RU AMI CEF PPT AMX/CLA
Pseudomonas aeruginosa 29 (29) 13/25 (52) 1224 (50) 1223 (52.2) 14/21 (66.7) 6/18 (33.3) NT
Acinetobacter spp. 18 (18) 2/18 (11.2)  13/16 (81.3) 14/15 (93.3) 14/17 (82.3) 9/15 (60) NT
Citrobacter freundii 22 02 (0) 02 0 02 (0) 02 0 NT 02 0)
Enterobacteriaceae ¥ 19 (19) 2/15 (133)  8/14 (57.1) 5/15 (33.3) 7116 43.7) NT 7/12 (58.3)
Burkholderia cepacea 1(1) 0/1 (0) o1 ©) 1/1 (100) 1/1 (100) 0/1 (0) NT

IMP — imipenem, FLU - fluoroquinolones , AMI — aminoglycosides, CEF - 3" and 4" generation cephalosporins, PPT — piperacillin + tazobactam , AMX/
CLA - amoxicillin + clavulanic acid. NT — not tested. * n° of resistant samples / n° of tested samples (%). ¥ Klebsiella spp., Enterobacter spp., Serratia spp.

Table 5. Etiology and resistance of Gram-positive bacteria associated to VAP in patients interned in the adult ICU of HC-UFU,

from March/2005 to March/2006

Microorganism Antibiotic*

N (%) OXA CLIN RIF U Gl
Staphylococcus aureus 28 (28) 17/26 (65.4) 15/25 (60) 13/24 (54.2) 12/23 (52.2) 0/23 (0)
Other Gram +™ 33 2/2 (100) 1/2 (50) 172 (50) 0/2 (0) 0/1 (0)

OXA - oxacillin, CLIN - clindamycin, RIF — rifampicin, FLU — fluoroquinolones, GLI — glycopeptides. **S. pneumoniae, S. coagulase.

# n° of resistant samples/ n° of tested samples (%).

Importantly, VAPs are easier to compare if they are
presented as incidence density related with endotracheal tube
[21]. The incidence of VAP in our study was high, 24.7 VAPs/
1,000 ventilator days, considering that rates more commonly
range between 10 and 15 cases/1,000ventilator days [22], 13.5
according with NNIS data [23], and were 9.5 and 11.4, 12.7 and
9.4, respectively, episodes per 1.000 device days according to
reports of multi-centered studies from Richards et al. (2000)[24],
Gastmeier et al.(1997)[25] and Legras et al. (1998)[26] when
just clinical-surgical units were analyzed. There are scarce
studies assessing VAP importance in Brazil [27]. Recently,
Guimardes and Rocco (2006) [28], in an observational study
carried out within an ICU of a university hospital in Rio de
Janeiro aiming to obtain VAP prevalence, similarly found a
high frequency, 35.7 cases\1,000 days of mechanical
ventilation.

Although the development of VAP is associated with the
same risk factors as other nosocomial infections, there are
some predisposing factors that are specific to pulmonary
infection [29], mainly endotracheal intubation and mechanical
ventilation [30,31]. Risk factors predisposing to VAP are
determined in part by the duration of exposure to the ICU
environment and the presence of host factors and treatment
related factors that predispose to the development of VAP [3],
by increasing the likelihood for colonization of the
aerodigestive tract with pathogenic bacteria (e.g., prior
antibiotic exposure, age > 60 years, chronic obstructive
pulmonary disease) and predisposing to the aspiration of
contaminated secretions (e.g., supine positioning, coma, head
trauma, etc.) [3,32].

In this study, a multivariate analysis took into account
several variables that could be risk factors for VAP and the

stepwise logistic regression showed that length of MV,
mechanical ventilation = 7 days, tracheostomy and use of >3
antibiotics were independently risk factors for the
development of VAP. Otherwise, the univariate analysis
showed: duration of MV, length of stay in hospital, steroid
treatment, tracheostomy and use of = 3 antibiotics were
significantly associated with VAP cases.

The early and accurate diagnosis of VAP is difficult, but,
because of the increasing problem of multiresistant pathogens
in many ICUs, it constitutes an urgent challenge as well as a
rational basis for an optimal antibiotic treatment. Late onset
VAP occurring after four days of hospitalization, as
predominant in this study (79.7 %), are more likely to be caused
by multidrug-resistant pathogens associated with increased
hospital mortality and morbidity [33-35]. Risk factors for
antimicrobial-resistant VAP include besides prior use of
antibiotics, prolonged hospitalization, and the presence of
invasive devices such as endotracheal tubes and intravascular
catheters and inadequate infection control practices [36].

The distribution of identified pathogens was similar to
that observed in NNIS system data from 1992 to 1997 and in
other studies [37, 38], including high frequencies of P.
aeruginosa and S. aureus. In spite of this, frequencies found
of imipenem-resistant P. aeruginosa (52.0%), oxacillin-
resistant S. aureus (65.4%), imipenem-resistant A. baumannii
(11.0%) and third/fourth generation cephalosporin-resistant
Klebsiella-Enterobacter-Serratia (43.7%) isolates were high
when compared with Latin American and US data [39, 40].

Mortality by VAP remains significant in ICUs [38]; a
Brazilian study [41] showed that 50% of all nosocomial
pneumonias are associated with mechanical ventilation, high
morbidity, high hospital costs, and high mortality rates [28].
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In our casuistic mortality was very high (32.1%), but inferior
to that recently reported by Guimaraes and Rocco (43%) [29],
however, just like the Rio de Janeiro investigation, mortality
rate was not different amongst groups (with and without VAP).

Antibiotic de-escalation, which consists of the initial
institution of empirical broad-spectrum antibiotics followed
by antibiotic stream lining driven by microbiological
documentation, is thought to provide maximum benefit for
the individual patient, while reducing the selective pressure
for resistance [42]. It should rely on a correct choice of
empirical antibiotics, on appropriate microbiological
investigation and on a balanced interpretation of
microbiological and clinical data [43,44]. Results reached by
our investigation, such as: VAP high frequencies, use of > 3
antibiotics, empirical antibiotic therapy, multiresistant bacteria,
and mortality rate, suggest the need of a urgent review of
nosocomial infection preventive and control measures, as well
as the prescription of antibiotics being used in the unit and
the evaluation of adopting an antibiotics de-escalonation
technique.

In conclusion, VAP poses a therapeutic challenge in an
ICU setting. Our observation confirms that treatment for VAP
in our institution includes usually = 3 antibiotics, and that the
cases of multiresistant organisms associated and mortality
rates are unacceptably high. The practice of de-escalation
therapy appears to be urgently needed in order to improve
the situation.
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