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Abstract

Ventilator-associated pneumonia (VAP) is the most important and common infection affecting patients ventilated with mechanical ventilators in intensive care units (ICU). 
VAP is defined as incubation-free pneumonia at 48-72 hours after endotracheal intubation. This retrospective study included adult patients (> 18 years old) who were 
hospitalized in our hospital’s General ICU between January 2018 and December 2019. According to the culture results, the patients were divided into two groups as VAP 
developing and non-VAP. The patients were evaluated in terms of causative agents, antibiotic susceptibilities and risk factors. Differences were reflected as significant 
at p<0.05. VAP developed in 43.7% of 87 patients included in the study. The mortality rate in VAP patients was 76.9%(29/38). While the hospitalization days of VAP 
patients were 34.39 ± 25.55, it was 8.35 ± 5.63 in non-VAP patients. Five different microorganisms causing VAP were detected in ICU. Pseudomonas aeruginosa (25%) 
was isolated most frequently. It was observed that susceptibility rates and resistance rates of microorganisms isolated to common antibiotics were low. VAP is a condition 
that affects the morbidity and mortality status of patients followed in ICU. Strategies should be developed to limit exposure to invasive mechanical ventilation, shorten 
length of ICU stay and rational antibiotic use.
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Introduction

Patients in intensive care units (ICUs) are often at high risk of 
death not only because of their critical illness, but also secondary 
complications such as a hospital infection [1].

Ventilator-associated pneumonia (VAP) is the most important and 
common infection that affects patients ventilated by a mechanical 
ventilator in the ICU [2]. VAP is the most common ICU-borne 
infection and its incidence ranges from 11% to 57.14% [3-5].

VAP is defined as pneumonia that develops 48-72 hours after 
endotracheal intubation and does not appear to be hatching during 
admission [6]. VAP poses an important risk for patients hospitalized 
in ICU. Their prevention and control are crucial. Their prevention 
ensures improved healthcare quality and minimizes complications.

The development of VAP is related to health care and its primary 
sources are usually secretions secreted from the upper respiratory 
tract, contaminated materials or reflux of the gastrointestinal tract 
[7].

Our study aims to determine the incidence of VAP in adult 
patients in our hospital, to investigate risk factors, associated 
complications, causative microorganisms and their susceptibility 
to antibiotics. 

Materials and Methods

Study design and patients

This retrospective study included adult patients (> 18 years old) 
who were hospitalized in Istanbul Meltem Hospital Adult ICU 
between January 2018 and December 2019. Inclusion criteria 
were determined to be provided to the invasive mechanical 
ventilator longer than 48 hours and not to have pneumonia during 
intubation. The exclusion criteria were defined as having invasive 
mechanical ventilator support less than 48 hours, having symptoms 
of pneumonia during intubation and lack of information in their 
files.

In patients ventilated with a mechanical ventilator, if pneumonia 
occurred after 48 hours of endotracheal intubation, it was 
considered VAP. For the diagnosis of VAP, nosocomial pneumonia 
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criteria were used in line with the “Centers for Disease Control 
and Prevention (CDC)” recommendations [8].

Endotracheal aspirate was sent for microbiology from patients 
with fever>38.2 °C, abundant purulent tracheobronchial 
secretion,WBC count ≥12.000 / mm3 and at least two of the new 
pulmonary infiltration findings on chest radiographs. Samples 
were examined by gram staining. Tracheal aspirate culture 
results were evaluated. Antibiogram studies of patients with any 
microorganisms detected in their cultures were listed and their 
sensitivity to antibiotics was determined. Patients with pneumonia 
during intubation were excluded from the study. The patients 
included in the study were divided into two groups as patients who 
did not develop VAP when they were ventilated by mechanical 
ventilation and patients who developed VAP. Acute Physiologic 
Assessment and Control Health Evaluation (APACHE II) scoring 
system and demographic data of all patients were listed.

Age, gender, other comorbidities (diabetes mellitus, chronic 
obstructive pulmonary disease), clinical diagnosis during 
hospitalization, duration of intensive care, mechanical ventilation 
days, mortality status were evaluated to analyze predisposing 
factors and hospital morbidity. 

Statistical analysis

SPSS software version 23(SPSS, Chicago, IL, USA) was used 
for statistical analyses. The numbers, percentages, means and the 
standard deviation values were given as the descriptive statistics. 
Proportions were compared by using the Chi-square test. The 
level of significance was established by using the student t-test 
for normally distributed values and Mann Whitney U test for 
abnormally distributed values. Differences were reflected as 
significant at p<0.05.

Results

In this study, the data of 199 patients hospitalized in ICU were 
examined. Of these patients, 87 without pneumonia were included 
in the survey during intubation (Figure 1). The average age of 
the patients included in the study was (71.59 ± 14.38) years, 50 
of them were male and 37 were female. VAP developed in 38 
(43.7%) of the patients included in the study. 

The demographic characteristics of the patients according to 
whether VAP develops or not is presented in Table 1. There was 
no statistically significant difference between the two patient 
groups in terms of age, gender, primary diseases and APACHE II 
scores (p>0.05).

It was found that 76.9% (29/38) of the patients diagnosed with 
VAP died during ICU follow-up. 

Figure 1. Flowchart 

The mortality rate of 49 patients non-VAP was found to be 49% 
(24/49). Mortality rates were significantly higher in VAP patients 
( p<0.05). Patients who were followed up with a diagnosis of VAP 
had multiple concurrent diagnoses when they were admitted to the 
ICU. The distribution of these diagnoses is 27.9% (19) pneumonia, 
17.6% (12) neurological diseases, 17.6% (12) respiratory failure, 
10.3% (7) congestive heart failure, 8.8% (6) malignancy, 7.4% (5) 
chronic obstructive pulmonary disease, 5.9% (4) ischemic heart 
disease, 4.4% (3) septicemia. No significant difference was found 
between the two groups in terms of comorbidity (diabetes mellitus, 
chronic obstructive pulmonary disease) status of the patients 
(p>0.05).

When the two patient groups were compared according to the days 
of hospitalization, the length of ICU stay of patients with VAP was 
34.39±5.55 and the days of hospitalization of the group non-VAP 
were 8.35±5.63. The length of ICU stay time was significantly 
higher in patients who developed VAP (p<0.05).VAP development 
was observed in patients after intubation at an average of 10.87±7.10 
days. Five different types of microorganisms causing VAP were 
detected in the ICU. Pseudomonas aeruginosa (25%) was the most 
common of these. The distribution of infectious microorganisms 
is as shown in Table 2. According to the antibiogram, the 
susceptibility of these microorganisms to antibiotics is listed in 
Table 3 and the resistance states are listed in Table 4. Mortality 
rates of patients compared to isolated microorganisms were 
compared. All patients isolated from Klebsiella spp. were found to 
have died.Mortality rates were calculated as 80% for Enterobacter 
spp, 70.6% for Pseudomonas aeruginosa and 57.1% for Proteus 
spp. Since Staphylococcus aureus was isolated in only one patient, 
the mortality rate was not considered.
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Table 1. Demographic characteristics of the patients

non-VAP (n= 49) VAP (n= 38) p

Age (year) (mean±SD) 71.22±14.67 72.05±14.184 0.792

Gender (Male/Female) 28/21 22/16 0.559

Primary disease n % n %

0.761

Cardiac diseases 4 8.2 5 13.2

Malignancy 5 10.2 4 10.5

Neurological diseases 6 12.2 6 15.8

Septicemia 1 2.0 2 5.3

Respiratory diseases 33 67.3 21 55.3

Mortality (n-%) 24(49%) 29(76.3%) 0.008

APACHE II score (mean±SD) 24.86±8.18 26.13±6.85 0.372

Length of ICU stay (day) 8.25±5.633 34.39±25.55 0.000

VAP: Ventilator-associated pneumonia. ICU: Intensive care unit
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Discussion

Patients monitored at the ICU are prone to infections due to age, 
underlying diseases, invasive interventions, and sedation [9]. VAP 
is a common and severe complication and can lead to prolonged 
length of ICU stay, increased medical costs, and a higher risk 
of mortality [10]. The use of antibiotics in ICUs can effectively 
reduce VAP incidence by eliminating pathogenic bacteria, but can 
also lead to an increase in drug resistance [11].

In our study, the VAP incidence was determined as 43.70%. The 
reason for this height was evaluated as the majority of the patients 
followed in our unit were elderly palliative care patients. Because 
of these patients, the average age of the patients high and length 
of ICU stay was long in our unit. However, our study results are 
still compatible with the literature. In a study conducted on 220 
patients monitored in the ICU, the VAP rate was reported to be 

51.36%. In the same survey, it was stated that the development of 
VAP increased the duration of the mechanical ventilator, the length 
of ICU stay, the use of antibiotics and mortality [7]. In another 
study on 232 patients, the VAP rate was reported as 43.3% [12].

In literature scans, VAP incidence rates varied considerably 
according to the population included in the study. High VAP rates 
have been reported in cancer patients [13]. Higher rates of VAP 
develop in patients with major trauma injury patients, chronic 
obstructive pulmonary disease patients, Acute Respiratory Distress 
Syndrome and patients receiving Extracorporeal membrane 
oxygenation [14].

The long duration of mechanical ventilator is a significant risk 
factor in VAP development. While the prolongation of ICU stay 
increases the risk of VAP, every day due to mechanical ventilation 
increases the risk of VAP by 1-3% [15].

Table 2. Distribution of microorganisms isolated from endotracheal aspirate samples in patients developing VAP

Microorganism n %

Pseudomonas aeruginosa 17 25

Klebsiella spp. 8 11.8

Proteus spp 7 10.3

Enterobacter spp. 5 7.4

Staphylococcus aureus 1 1.5

Table 3. Sensitivity of VAP agent microorganisms to antibiotics

Antibiotics General Sensitivity (%)
Microorganisms

PAE (%) Klebsiella spp. (%) Proteus spp. (%) Enterobacter spp. (%) Staphylococcus aureus (%)

Colistin 39.47 23.53 25.00 71.43 60.00 100.00
Cefoxitin 39.47 29.41 12.50 85.71 60.00 -
Imipenem 31.58 41.18 25.00 42.86 - -
Sefaperazon-Sulbaktam 28.95 11.76 37.50 28.57 40.00 -
Tigecycline 31.58 17.65 25.00 42.86 60.00 -
Ciprofloxacin 26.32 23.53 25.00 28.57 40.00 -
Gentamicin 28.95 23.53 12.50 28.57 60.00 100.00
Amikacin 26.32 29.41 12.50 42.86 20.00 -
Piperacillin-Tazobactam 21.05 17.65 37.50 14.29 20.00 -
Ceftazidim 13.16 5.88 - 42.86 20.00 -

VAP: Ventilator-associated pneumonia,  PAE:Pseudomonas aeruginosa

Table 4. Resistance states of VAP agent microorganisms to antibiotics

Antibiotics General Sensitivity (%)
Microorganisms

PAE (%) Klebsiella spp. (%) Proteus spp. (%) Enterobacter spp. (%) Staphylococcus aureus (%)

Colistin 26.32 41.18 12.50 14.29 20.00 -
Cefoxitin 26.32 29.41 12.50 - 20.00 -
Imipenem 28.95 23.53 25.00 14.29 80.00 -
Sefaperazon-Sulbaktam 10.53 23.53 - - 20.00 -
Tigecycline 5.26 5.88 - 14.29 - -
Ciprofloxacin 55.26 70.59 50.00 28.57 60.00 -
Gentamicin 42.11 47.06 37.50 42.86 40.00 -
Amikacin 23.68 17.65 - 14.29 60.00 -
Piperacillin-Tazobactam 36.84 23.53 25.00 28.57 40.00 -
Ceftazidim 42.11 47.06 50.00 28.57 40.00 -

VAP: Ventilator-associated pneumonia,  PAE:Pseudomonas aeruginosa

doi: 10.5455/medscience.2020.06.114				    	                         Med Science 2020;9(3):635-9



638

In our study, a significant relationship was found between 
hospitalization time and VAP development. While the length of 
ICU stay was 8.25 ± 5.63 days in non-VAP patients; The patients 
who developed VAP were 34.39 ± 25.55 days. The length of ICU 
stay was significantly higher in patients who developed VAP.

It has been reported that the risk of developing VAP increases 
between the 5th and 9th days of mechanical ventilation, and the 
cumulative incidence is closely related to the total mechanical 
ventilation time [16]. In the patients included in our study, an 
average of 10.87 ± 7.10 days after the intubation procedure, 
infection was observed. Our results are compatible with the 
literature. We think that long-term ventilation with mechanical 
ventilator significantly increases the incidence of VAP. To avoid 
VAP formation, focus should be on preventing intubation and 
limiting exposure to invasive mechanical ventilation [17].

In a study evaluating 1735 patients who were mechanically 
ventilated for 48 hours or more, no risk of high VAP was detected in 
elderly patients by logistic regression analysis [18]. There are also 
studies in the literature where age is considered a risk factor for 
VAP development [19, 20]. In our study, no significant difference 
was found between the mean age of VAP patients and non-VAP 
patients. The reason for this was evaluated as the majority of 
patients followed up in our unit were geriatric age group patients.

In a meta-analysis in France, male gender was identified as an 
independent risk factor for VAP [21]. Many studies have also 
reported that there is no significant relationship between gender 
and VAP development [19, 22]. In our study, no significant 
association was found between gender and VAP development.

In the literature, it has been shown that more VAP develops in 
patients with a high APACHE II score. In the same study, it was 
stated that length of ICU stay and mortality rates were higher in 
these patients [23].

In our study, no significant relationship between the APACHE II 
score and VAP development was determined because the mean age 
of the patients in our unit was high.

There are important discussions about the extent to which VAP 
contributes to death in ICU patients. In many studies conducted in 
different patient populations in the ICU, no relationship was found 
between VAP and ICU mortality[13, 16, 24]. In contrast, VAP is 
directly associated with prolonged mechanical ventilation times 
and length of ICU stay [14]. In a study evaluating 606 patients, 
VAP development was found to be associated with high mortality 
and morbidity rates [19]. In our study, in accordance with the 
literature, the mortality rate was significantly higher in patients 
who developed VAP.

In our study, Pseudomonas aeruginosa (25%) was the most isolated 
microorganism in patients who developed VAP. This result was 
compatible with the literature. Pseudomonas aeruginosa has been 
shown to be the most common cause of nosocomial infection and 
is directly related to increased mortality due to pneumonia in ICUs 
[25].

Other microorganisms most frequently isolated from tracheal 
aspirate cultures in our unit are Klebsiella spp. (11.8%) and 
Proteus spp. (10.3%). When VAP factors are investigated in ICUs, 
we can face different factors in each unit. In a study conducted in 
the General ICU, Acinetobacter baumannii (31%), Pseudomonas 
aeruginosa (20.6%) and Klebsiella spp. (17.2%) were shown as 
the most frequently isolated VAP factors. [20]. In another study, 
Klebsiella spp. (22.71%) and Acinetobacter spp. (18.28%) were 
isolated as the most common VAP agents. [26]. In another study, 
Acinetobacter baumannii (24.5%), Escherichia coli (14.1%) and 
Pseudomonas aeruginosa (12.7%) were reported as the most VAP 
factors.

The relationship between the microorganisms isolated and mortality 
in our study is compatible with the literature. Pseudomonas 
pneumonia has been associated with high mortality rates, such as 
65% and 87% [15, 25]. In another study, Pseudomonas aeruginosa, 
Klebsiella spp, Enterobacter spp and Staphylococcus aureus have 
been associated with high mortality rates [27].

In our study, it was seen that the sensitivity rates of microorganisms 
isolated to common antibiotics were low and resistance rates 
were high. These situations and rates were compatible with the 
literatüre[12, 28]. The reason for this was evaluated as the failure 
to fully comply with the antibiotic policy set by the infection 
committee in our unit.

Study limitations

The small size of the sample, the fact that we were not able to 
obtain microbiological data in some patients although they were 
ventilated by a mechanical ventilator and there were signs of 
infection (we think this was due to insufficient tracheal aspirate in 
these patients) are the limitations of our study.

Conclusion

Today, although many measures and a wide variety of antibiotics 
have been developed to reduce hospital infections, VAP is still a 
condition affecting the morbidity and mortality status of patients 
who are being followed up in ICUs. VAP is associated with 
mechanical ventilator time, length of ICU stay, and antibiotic use. 
Strategies to limit exposure to invasive mechanical ventilation and 
to shorten the duration of intensive care hospitalization should be 
developed.

Infection control measures should be updated according to the 
conditions of the unit, strictly adhering to the antibiotic policy in 
the use of antibiotics to reduce the reported high resistance rates.

Conflict of interests
The authors declare that there is no conflict of interest.

Financial Disclosure
All authors declare no financial support. 

Ethical approval
Istanbul Yeni Yuzyil University Ethics Committee approved the study.(Date: 
12.05.2020 Number: 2020/0405)

References
1.	 Rodrigues AN, Fragoso L, Beserra FdM, et al. Determining impacts and factors 

in ventilator-associated pneumonia bundle. Rev Bras Enferm. 2016;69:1045-51.

doi: 10.5455/medscience.2020.06.114				    	                         Med Science 2020;9(3):635-9



639

doi: 10.5455/medscience.2020.06.114				    	                         Med Science 2020;9(3):635-9

2.	 Othman AA, Abdelazim MS. Ventilator-associated pneumonia in adult intensive 
care unit prevalence and complications. Egypt J Crit Care Med. 2017;5:61-3.

3.	 Ardehali SH, Fatemi A, Rezaei SF, et al. The effects of open and closed suction 
methods on occurrence of ventilator associated pneumonia; a comparative study. 
Arch Acad Emerg Med. 2020;8:8.

4.	 Tan M, Zhu J-C, Du J, et al. Effects of probiotics on serum levels of Th1/Th2 
cytokine and clinical outcomes in severe traumatic brain-injured patients: a 
prospective randomized pilot study. Critical care. 2011;15:290.

5.	 Mahmoodpoor A, Hamishehkar H, Asghari R, et al. Effect of a probiotic 
preparation on ventilator‐associated pneumonia in critically ill patients admitted 
to the intensive care unit: a prospective double‐blind randomized controlled trial. 
Nutr Clin Pract. 2019;34:156-62.

6.	 Kalil AC, Metersky ML, Klompas M, et al. Management of adults with hospital-
acquired and ventilator-associated pneumonia: 2016 clinical practice guidelines 
by the Infectious Diseases Society of America and the American Thoracic 
Society. Cli Infect Dis. 2016;63:61-111.

7.	 Tagrikulu H, Memis D, Inal MT, ve ark. Yogun bakim hastalarinda ventilatör 
iliskili pnömoni insidansinin arastirilmasi/investigation of ventilator associated 
pneumoniae in intensive care patients. Turkish J Intensive Care. 2016;14:28.

8.	 Garner JS, Jarvis WR, Emori TG, et al. CDC definitions for nosocomial infections, 
1988. Am J Infect Control. 1988;16:128-40.

9.	 Shaker M, Saad-eldeen S, Helmy H, et al. Description of clinical and 
microbiological characteristics of ventilator associated pneumonia patients at 
surgical intensive care unit. ZUMJ. 2019;26:38-45.

10.	 Wolfensberger A, Meier M-T, Clack L, et al. Preventing ventilator-associated 
pneumonia—a mixed-method study to find behavioral leverage for better 
protocol adherence. Infect Cont Hosp Epidemiol. 2018;39:1222-9.

11.	 Zeng J, Wang C-T, Zhang F-S, et al. Effect of probiotics on the incidence of 
ventilator-associated pneumonia in critically ill patients: a randomized controlled 
multicenter trial. Intens Care Med. 2016;42:1018-28.

12.	 Şahin AR, Yıldız BT, Aktemur A, et al. Evaluation of nosocomial infections in 
a neurological intensive care unit of a university hospital. J Contemp Med Sci. 
2019;9:43-7.

13.	 Stoclin A, Rotolo F, Hicheri Y, et al. Ventilator-associated pneumonia and 
bloodstream infections in intensive care unit cancer patients: a retrospective 
12-year study on 3388 prospectively monitored patients. Support Care Cancer. 
2020;28:193-200.

14.	 Papazian L, Klompas M, Luyt C-E. Ventilator-associated pneumonia in adults: a 
narrative review. Intens Care Med. 2020:1-19.

15.	 Chastre J, Fagon J-Y. Ventilator-associated pneumonia. Am J Respir Crit Care 
Med. 2002;165:867-903.

16.	 Forel J-M, Voillet F, Pulina D, et al. Ventilator-associated pneumonia and ICU 
mortality in severe ARDS patients ventilated according to a lung-protective 
strategy. Critical Care. 2012;16:65.

17.	 Legoff J, Zucman N, Lemiale V, et al. Clinical significance of upper airway 
virus detection in critically ill hematology patients. Am J Respir Crit Care Med. 
2019;199:518-28.

18.	 Blot S, Koulenti D, Dimopoulos G, et al. Prevalence, risk factors, and mortality 
for ventilator-associated pneumonia in middle-aged, old, and very old critically ill 
patients. Critic Care Med. 2014;42:601-9.

19.	 Öcal N, Öcal R, Özer S, et al. Prognostic value of unchangeable risk factors for 
and the radiologic scoring system in ventilator-associated pneumonia. J Crit 
Intensive Care. 2016;7:44.

20.	 Bilici A, Karahocagil MK, Yapıcı K, et al. Ventilator associated pneumonia: 
incidence, risk factors, and causative agents. Van Med J. 2012;19:170-6.

21.	 Dananché C, Vanhems P, Machut A, et al. Trends of incidence and risk factors 
of ventilator-associated pneumonia in elderly patients admitted to French ICUs 
between 2007 and 2014. Critic Care Med. 2018;46:869-77.

22.	 Kundakci A, Ozkalaycı O, Zeyneloglu P, et al. Risk factors for ventilator-
associated pneumonia in a surgical ICU. Critical Care. 2013;17:139.

23.	 Babbar P, Biswal M, Digamber B, et al. Healthcare associated infections in 
intensive care units: a pilot study in a tertiary care public hospital in India. J 
Prevent Infect Cont. 2019;5:1.

24.	 Li Y, Liu C, Xiao W, et al. Incidence, risk factors, and outcomes of ventilator-
associated pneumonia traumatic brain injury: a meta-analysis. Neurocritical Care. 
2019:1-14.

25.	 Yang X, Lai Y, Li C, et al. Molecular epidemiology of Pseudomonas aeruginosa 
isolated from lower respiratory tract of ICU patients. Brazilian J Biol. 2020 
(AHEAD).

26.	 Rathod A, Soni S, Patel K, et al. Prevalence of various bacterial pathogens 
causing ventilator associated pneumonia (vap) isolated from icu in tertiary care 
hospital. Natl J Integr Res Med. 2017;8.

27.	 Karasu D, Yılmaz C, Durmuş G, et al. Evaluation of healthcare-associated 
infections in critically ill patients receiving long-term treatment in the intensive 
care unit. Klimik J. 2016;29:71-6.

28.	 Sağmak-Tartar A, Özer AB, Ulu R, et al. Microbiological evaluation of the 
pathogens isolated from the endotracheal aspirate samples of the patients 
followed in the intensive care units: a one-year retrospective analysis. Klimik J. 
2018;31:56-60.


