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SUMMARY

In this prospective study, we aimed to identify the factors asso-
ciated with the development of ventilator- associated pneumo-
nia (VAP) and examine the etiology, and incidence of VAP. 
Between November 2007 and June 2008, 148 patients who 
required mechanical ventilation for longer than 48 hours were 
evaluated. VAP was observed in 54 patients (36 %). 
Mechanical ventilator and VAP utilization rates were 0.87 and 
22.88 in 1000 ventilator days, respectively. The most common 
three microorganisms cultured from tracheal aspirates were 
Pseudomonas aeruginosa (n=19), Acinetobacter species 
(n=11) and Staphylococcus aureus (n=10). Of the 21 risk fac-
tors evaluated, 7 factors identified were independently associ-
ated with VAP (p<0.05): shock, coma (p<0.0006), antibiotic 
usage for at least 1 month prior to admission (p<0.04), naso-
gastric tube insertion (p<0.01), invasive procedures such as 
bronchoscopy, tracheotomy (p<0.0001), reintubation 
(p<0.017), intubation more than 5 days (p<0.0001), and smo-
king (p<0.014). Intensive Care Unit (ICU) clinicians should 
be aware of the risk factors for VAP to minimize the risk of 
VAP. Also patient care should be individualized, and procedu-
res like bronchoscopy, and reintubation must be performed 
and followed up cautiously. Besides these, data about the 
potential microorganisms and resistance of antibiotics to them 
will guide the empirical therapy.  
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ÖZET

İstanbul'da bir eğitim ve araştırma hastanesi 
yoğun bakım ünitesinde ventilator ilişkili pnömoninin 

etyoloji, insidans ve risk faktörleri

Bu prospektif çalışmada, VAP gelişimi ile ilgili faktörlerin 
belirlenmesi ve VAP’ın etyoloji ve insidansının değerlendiril-
mesi amaçlanmıştır. Kasım 2007 ile Haziran 2008 tarihleri 
arasında 48 saatten daha uzun sure mekenik ventilator ihtiyacı 
olan 148 hasta değerlendirilmiştir. Mekanik ventilator kulla-
nım oranı 0,87 ve VAP hızı 1000 ventilatör gününde 22,88 di. 
Trakeal aspiratlardan en sık izole edilen üç mikroorganizma 
Pseudomonas aeruginosa (n=19), Acinetobacter species 
(n=11) ve Staphylococcus aureus (n=10) tu. Değerlendirilen 
21 risk faktöründen 7’si bağımsız olarak VAP ile ilişkiliydi 
(p<0.05): şok, koma (p<0.0006), başvurudan en az bir ay 
önce antibiyotik kullanmış olmak (p<0.04), nazogastrik tüp 
varlığı (p<0.01), bronkoskopi, trakeotomi gibi invaziv prose-
dürler (p<0.0001), reentübasyon (p<0.017), 5 günden uzun 
süreli entübasyon (p<0.0001), sigara kullanımı (p<0.014). 
Yoğun Bakım Ünitesi (YBÜ) klinisyenleri VAP riskini azaltmak 
için VAP’a sebep olabilecek risk faktörlerinin farkında olmalı, 
hasta bakımı kişiselleştirilmeli, bronkoskopi, reentübasyon 
gibi prosedürler dikkatle yapılmalı ve takip edilmelidir. 
Bunların yanısıra, potansiyel mikroorganizmalar ve antibiyo-
tik dirençleri hakkındaki bilgiler ampirik tedavide kılavuz ola-
caktır.

Anahtar kelimeler: Etyoloji, insidans, VAP, risk faktörleri, YBÜ

INTRODUCTION

VAP is associated with significant morbidity and 
mortality in ICU in Western and Asian countries 
(1-3). The mortality rate of VAP can reach 50 % and 
the incidence of VAP varies from 6 % to 52 % (4,5). 
Knowledge of the incidence of nosocomial infecti-

ons and their associated risk factors may be impor-
tant in manifestation of effective use of preventive 
measures (6,7). Early, aggressive and empirical the-
rapy with broad-spectrum antibiotics targeting at 
similar pathogens has been associated with a 
reduction in VAP mortality rates (8,9). 
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Despite improvements in the diagnosis, treatment 
and prevention of VAP, it remains an important 
cause of hospital morbidity and mortality (10). This 
study is established to determine the etiology and 
incidence of VAP and to identify the main risk fac-
tors for the development of VAP in our ICU popu-
lation. 

PATIENTS and METHODS

Goztepe Training and Research Hospital has 16 
beds in ICU run by the Anaesthesiology 
Department.  

Patients who stayed more than 48 hours in ICU 
were included in the study. Study patients were 
prospectively followed for the development of 
VAP during their stay in ICU. The second episodes 
of VAP were evaluated. VAP was diagnosed accor-
ding to the standard definitions of the CDC. An 
infectious disease physician followed all the pati-
ents and collected data. Information of each patient 
was recorded on two standardized forms. First 
form included age, gender, length of ICU stay, pri-
mary reason for ICU admission, underlying disea-
ses, second form included 21 risk factors as underl-
ying lung disease, shock-coma, origin (ethnicity?) 
of patients, antibiotic usage for at least 1 month 
prior to admission, diabetes mellitus, renal failure, 
immunosupression, sedative medication, corticos-
teroid therapy, H2 receptor blocker usage, naso-
gastric tube, history of invasive procedure such as 
bronchoscopy-tracheotomy, reintubation, intubati-
on more than 5 days, frequency of changing the 
location of the bed, abdominal surgery, cranial sur-
gery, thorax surgery, gastric aspiration, smoking, 
and frequency of exchanging the breathing circuit 
before 48 hours.

All the study patients were followed up for the pre-
sence of 21 risk factors. Mechanical ventilator uti-
lization rate: ventilator day/patient-day, VAP inci-
dence rate in 1000 days of ventilation was calcula-
ted as VAP/patient-day x 1000. Bacterial isolates 
were identified by infectious disease specialists. 

After the first step tests like the gram stain test, coa-
gulase and catalase tests (BBL Crystal Identification 
Systems, GP-E/NF, Becton Dickinson, USA) were 
used for identification of microorganisms. Antibiotic 
susceptibilities were assessed by means of Kirby-
Bauer disc diffusion method according to the stan-
dards of Clinical and Laboratory Standards Institute 
(CLSI). 

Graphpad 4.0 and SPSS 11.0 were used in statisti-
cal analysis. For the comparisons among groups 
chi-square and Fischer’s chi-square, for the signifi-
cance of the groups 1/1, ½ and 2/2 univariate 
analysis and for multiple comparisons Tukey’s 
range test were used. p<0.05 was accepted as sta-
tistically significant.

RESULTS

In a 7 month-study period (November 2007-June 
2008) a total of 276 patients were admitted to the 
ICU. 148 patients who required mechanical venti-
lation for longer than 48 hours were evaluated. Of 
148 patients 85 were men (57.4 %), and 63 were 
women (42.6 %). VAP occurred in 54 patients (36 %). 
Mean age of VAP (+) and VAP (-) patients were 
47.48±24.09, and 42.9±26.49 years, respectively. 
Length of stay of VAP (+) group was 28.25±27.72 
days and 8.36±7.14 days in VAP (-) group. 
Mortality rates were 51.9 % (n=28) in VAP (+) and 
34 % (n=32) in VAP (-) patients.  

Mechanical ventilator utilization rate was 0.87, 
VAP rate in 1000 ventilator days was 22.88. VAP 
developed within a mean of 10.32 days. There 
were 65 episodes of VAP in 54 patients. Of 65 epi-
sodes, 11 of them had multiple microorganisms 
(16.9 %). The most common three organisms cul-
tured from tracheal aspirates were Pseudomonas 
aeruginosa (n=19), Acinetobacter species (n=11) 
and Staphylococcus aureus (n=10). The resistance 
of Pseudomonas aeruginosa to various antibiotics 
were as follows; imipenem 42.1 %, ciprofloxacin 
26.3 %, piperacillin-tazobactam 26.3 %, ceftazidi-
me 52.6 %. The rate of resistance of Acinetobacter 
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species to imipenem was 27.3 % and the rate of 
resistance of Staphylococcu aureus to oxacilline 
was 80 %. Within the first five days Pseudomonas 
aeruginosa (n=6), Escherichia coli (n=5), 
Staphylococcus aureus (n=2) and in the following 
days Pseudomonas aeruginosa (n=13), Acinetobacter 
species (n=9), Staphylococcus aureus (n=8) were 
isolated. The risk factors significantly correlated 
with the development of VAP were shock-coma, 
antibiotic usage for at least 1 month prior to admis-
sion, nasogastric tube, bronchoscopy-tracheotomy, 
reintubation, intubation more than 5 days, and 
smoking (Table 1). There was no significance cor-
relation between VAP and the other 14 risk factors 
(Table 2). 

DISCUSSION

VAP has been noted as the most common nosoco-

mial infection and represents a major threat to all 
ICU patients. The incidence of VAP in our study 
was high, 22.8 VAPS/1000 ventilator-days, compa-
red with rates based on NNIS (5.4), and INICC 
(10.4) data (11,12). Higher rates of VAP observed in 
our group may be due to increased frequency of 
mechanical ventilation performed compared to 
other studies. Mechanical ventilator utilization rate 
was recorded as 0.87 in the study group, 0.37 and 
0.26 in NNIS and INICC data, respectively. Most 
of the ICU population in the study consisted of tra-
umatic brain injury and multiple trauma patients. 
In the analysis of NNIS data, it was observed that 
with the increase number of trauma patients, mec-
hanical ventilation requirement and in neurointen-
sive care units VAP incidence were increased (11). 
In the study of Giard et al the most frequently iso-
lated VAP pathogens were Staphylococcus aureus 
(20.4 %) and Pseudomonas aeruginosa (17.8 %) 
(13). In this study as in the study of Magnason et al 
gram- negative bacilli were the mostly isolated 
pathogens and Staphylococcu aureus ranked the 
third in dominancy (14). Katherason et al have also 
cultured gram negative bacilli such as Klebsiella 
pneumoniae, Acinetobacter species and Pseudomonas 
aeruginosa (1).

In a study published in Brazil imipenem resistant 
Pseudomonas aeruginosa  (52.0 %),  and 
Acinetobacter baumannii (11.0 %), and oxacillin 
resistant Staphylococcus aureus (65.4 %) were iso-
lated in respective percentages (15). The resistance 
rates determined in this study group differed lar-
gely from the results of the study of Rocha et al 
from Brazil. In Rocha’s study imipenem resistance 
of Pseudomonas aeroginosa was lower, but of 
Acinetobacter species was two- fold higher, oxaci-
lin resistance of Staphylococcus aureus was also 
very high. There is a two- year- interval between 
this and Rocha’s studies and in these two years 
there has been a great variance in resistance range 
of VAP microorganisms in the world.  

Early and late-onset VAP have been compared in 
two studies and it has been concluded that late-

Table 1. Variables independently associated with ventilator-
associated pneumonia.

Variable

Shock-coma
Antibiotic usage
Nasogastric tube 
Bronchoscopy/tracheotomy 
Reintubation 
Intubation more than 5 days
Smoking

VAP 
(n=54)

45
13
50
24
22
36
25

P

0.0006
0.04
0.01

0.0001
0.017
0.0001
0.014

Non VAP 
(n= 94)

52
11
72
10
21
24
25

Table 1. Variables independently associated with ventilator-
associated pneumonia.

Variable

COPD*
Origin of patient
Diabetes mellitus
Renal failure
Immunosupression
Sedative medication
Corticosteroid therapy
H2 receptor blocker usage
Changing the location of the bed
Abdominal surgery 
Cranial surgery
Thorax surgery
Gastric aspiration
Exchanging the breathing circuit

VAP 
(n=54)

11
23
4
3
2
43
19
44
18
10
17
1
3
15

P

0.101
0.17
0.57
0.40
0.32
0.26
0.21
0.92
0.07
0.58
0.35
0.61
0.13
0.76

Non VAP 
(n= 94)

31
51
13
3
8
67
24
76
19
21
23
3
1
24

*COPD: Chronic Obstructive Pulmonary Disease 
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onset VAP has been associated with longer mecha-
nical ventilation duration and pathogens isolated 
were more resistant (13,16). In our patients with 
early-onset VAP, Escherichia coli was the second 
pathogen and with late VAP, Acinotobacter species 
was isolated with a high resistance potential. 

In this study, the the most frequently isolated pat-
hogen microorganisms of early and late-onset VAP 
maintained its first and third row, but the second 
row changed. The limitation of this study is that 
the antibiotic resistance of microorganisms isolated 
in early and late-onset VAP was not given. 
However, detection of microorganisms with a 
potential for higher resistance rates such as 
Acinetobacter species which is the second com-
mon cause in late-onset VAP and has a higher 
resistance profile as indicated in other studies sup-
ports the above-mentioned studies.

The top risk factors associated with VAP were the 
consciousness of the patient (shock-coma), invasi-
ve procedures (bronchoscopy, tracheotomy) and 
intubation of more than 5 days. Apostolopoulou 
and Ibrahim have also reported bronchoscopy and 
tracheotomy as risk factors for VAP (17,18). 
Bronchoscopy being a risk factor may force the 
microorganisms colonized in upper airway to mig-
rate to lower respiratory tract or the patient to 
whom bronchoscopy is performed already has ate-
lectasia and intensive secretions. Detailed investi-
gations may be needed for this difference. 
Tracheotomy and leakage around the endotracheal 
tube cuff and resultant pooled secretions might 
lead to VAP (19). 

In a study from Malaysia it was stated that a shor-
ter period of mechanical ventilation had signifi-
cantly reduced the incidence of VAP and every one 
day had increased the rate of the development of 
VAP by about 4 % (1). In this study, it is possible to 
see the significant difference in the duration of 
hospital stay between VAP (+) and VAP (-) groups 
of patients. 

Antibiotic usage for at least one month prior to 
admission, enteral nutrition via nasogastric tube 
and reintubation are the critical risk factors associ-
ated with VAP similar to the ones reported in the 
literature (5,18,20-23). A remarkable difference of this 
study from the literature is that the presence of 
chronic obstructive pulmonary disease and antacid 
medication were independent risk factors for VAP, 
which may be related to a few number of chronic 
obstructive pulmonary disease patients. Magnason 
et al also reported that antacids were not risk fac-
tors for VAP and colonized microorganisms in 
trachea and stomach were of distinct strains and 
assumption of the migration of microorganisms 
from stomach to trachea was not supported (14). 

This study is the first one which identified smo-
king history as an independent risk factor for VAP.

CONCLUSION

Determination of risk factors, causative organisms 
and patterns of resistance will ensure the reduction 
of VAP rate and initiation of fast and effective anti-
biotic therapy which is the most important factors 
effecting improved survival. The continuity of such 
studies would be appropriate for the consideration 
of possible changes in risk factors, variety of mic-
roorganisms and antibiotic resistance over time. 

REFERENCES

1.	 Gopal Katherason S, Naing L, Jaalam K, Ismail S. 
Baseline assessment of intensive care-acquired nosocomi-
al infection surveillance in three adult intensive care units 
in Malaysia. J Infec Dev Ctries 2008;2:364-8.

2.	 Vincent JL, Bihari DJ, Suter PM, Bruining HA, White 
J, Nicolas-Chanoin MH, et al. The prevalence of nosoco-
mial infection in intensive care units in European 
Prevalence of infection in intensive care unit (EPIC) 
Study. EPIC International Advisory Committee. JAMA 
1995;274:639-44.

	 http://dx.doi.org/10.1001/jama.274.8.639
3.	 Vincent JL, Sakar Y, Sprung CL, Ranier VM, Reinhart 

K, Gerlach H, et al. Sepsis in European intensive care units: 
results of SOAP study. Crit Care Med 2006;34:344-53.

	 http://dx.doi.org/10.1097/01.CCM.0000194725.48928.3A
	 PMid:16424713
4.	 Fagon JY, Chastre J, Vuagnat A, Troillet JL, Novora A, 

Gilbert C. Nosocomial pneumonia and mortality among 
patients in intensive care units. JAMA 1996;275:866-69.



98

Göztepe Tıp Dergisi 27(3):94-98, 2012

	 http://dx.doi.org/10.1001/jama.1996.03530350048033
5.	 Kollef MH. Ventilator-associated pneumonia: a multivari-

ate analysis. JAMA 1993;270;1965-70.
	 http://dx.doi.org/10.1001/jama.1993.03510160083034
6.	 Rello J, Sa-Borges M, Correa H, Leal SR, Baraibar J. 

Variations in etiology of ventilator-associated pneumonia 
across four treatment sites: implications for antimicrobial 
prescribing practices. Am J Re Spir Crit Care Med 
1999;160:608-13.

	 PMid:10430736
7.	 Richards MJ, Edwards JR, Culver DH, Gaynes RP. 

Nosocomial infections in medical intensive care units in 
the United States. National Nosocomial Infections 
Surveillance System. Crit Care Med 1999;27:887-92.

	 http://dx.doi.org/10.1097/00003246-199905000-00020
	 PMid:10362409
8.	 Rello J, Gallego M, Mariscl D, Sonora R, Valles J. The 

value of routine microbial investigation in ventilator-
associated pneumonia. Am J Respir Care Med 
1997;156:196-200.

9.	 Kollef MH, Ward S. The influence of mini-BAL cultures 
on patient outcomes: implications fort he antibiotic mana-
gement of ventilator-associated pneumonia in the ICU. 
Chest 2002;113:112-20.

10.	Mc Eachern R, Campbell GD. Hospital-acquired pneu-
monia: epidemiology, etiology and treatment. Infect Dis 
Clin North Am 1998;12:761-79.

	 http://dx.doi.org/10.1016/S0891-5520(05)70209-9
11.	 National Nosocomial Infections Surveillance (NNIS) 

System Report. Data summary from January 1992 thro-
ugh June 2004, issued October 2004. Am J Infect Control 
2004;32:470-85.

	 http://dx.doi.org/10.1016/j.ajic.2004.10.001
12.	Mehta A, Rosenthal VD, Mehta Y, Chakravarthy M, 

Todi SK, Sen N, et al. Device associated nosocomial infec-
tion rates in intensive care units of seven Indian cities. 
Finding of the International Nosocomial Infection Control 
Consortium (INICC). J Hosp Infect 2007;67:168-74.

	 http://dx.doi.org/10.1016/j.jhin.2007.07.008
	 PMid:17905477
13.	Giard M, Lepape M, Allaouchiche B, Guerin C, Lehot 

JJ, Robert MO et al. Early-and late-onset ventilator-
associated pneumonia acquired in the intensive care unit: 
comparison of risk factors. J Crit Care 2008;23:27-33.

	 http://dx.doi.org/10.1016/j.jcrc.2007.08.005
	 PMid:18359418
14.	Magnason S, Kristinsson KG, Stefansson T, 

Erlendsdottır H, Jonsdottır K, et al. Risk factors and 
outcome in ICU-acquired infections. Acta Anaesthesiol 
Scand 2008;52:1238-45.

	 http://dx.doi.org/10.1111/j.1399-6576.2008.01763.x

	 PMid:18823463
15.	Rocha L, Vilela C, Cezario R, Almeida A, Filho P. 

Ventilator-associated pneumonia in an adult clinical-
surgical intensive care unit of a Brazilian University 
Hospital: Incidence, risk factors, etiology, and antibiotic 
resistance. Braz J Infect Dis 2008;2:80-5.

	 http://dx.doi.org/10.1590/S1413-86702008000100017
16.	Ibrahim EH, Ward S, Sherman G, Kollef MH. A com-

parative analysis of patients with early-onset vs. late-onset 
nosocomial pneumonia in the ICU setting. Chest 
2000;117:1434-42.

	 http://dx.doi.org/10.1378/chest.117.5.1434
	 PMid:10807834
17.	Apostolopoulou E, Bakakos P, Katostaras T, 

Gregorakos L. Incidence and risk factors for ventilator-
associated pneumonia in 4 multidisciplinary intensive care 
units in Athens, Greece. Respir Care 2003;48:681-8.

	 PMid:12841859
18.	Ibrahim EH, Tracy L, Hill C, Fraser VJ, Kollef MH. 

The occurrence of ventilator-associated pneumonia in a 
community hospital: risk factors and clinical outcomes. 
Chest 2001;120:555-61.

	 http://dx.doi.org/10.1378/chest.120.2.555
	 PMid:11502658
19.	Rello J, Sonora R, Jubery P, Artigas A, Rue M, Valles 

J. Pneumonia in intubated patients: role of respiratory air-
way care. Am J Respir Crit Care Med 1996;154:111-5.

	 PMid:8680665
20.	Torres A, Aznar R, Gatell JM, Jimenez P, Gonzalez J, 

Ferrer A, et al. Incidence, risk, and prognosis factors of 
nosocomial pneumonia in mechanically ventilated pati-
ents. Am Rev Respir Dis 1990;142:523-8.

	 http://dx.doi.org/10.1164/ajrccm/142.3.523
21.	Craven DF, Kunches LM, Kilinsky V, Lichtenberg DA, 

Make BJ, McCabe WR. Risk factors for pneumonia and 
fatality in patients receiving continuous mechanical venti-
lation. Am Rev Respir Dis 1986;133:792-6.

	 PMid:3706887
22.	Kollef MH, von Harz B, Prentice D, Shapiro SD, Silver 

P, St John R, et al. Patient transport from intensive care 
increases the risk of developing ventilator-associated pne-
umonia. Chest 1997;112:765-73.

	 http://dx.doi.org/10.1378/chest.112.3.765
	 PMid:9315813
23.	Talon D, Mulin B, Rouget C, Bailly P, Thouverez M, 

Viel JF. Risks and routes for ventilator-associated pneu-
monia with Pseudomonas aeruginosa. Am J Respir Crit 
Care Med 1998;157:978-84.

	 PMid:9517620


