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ABSTRACT
Introduction: Ventilator associated pneumonia (VAP) is defined as nosocomial pneumonia in 
patients who have mechanical ventilation (MV) for more than 48 hours. The diagnosis of VAP 
is based on radiological-microbiological examinations. In the United States, the Centers for 
Disease Control and Prevention (CDC) and the National Health Care Network (NHSN) have an 
incidence of VAP of 5.8% per 1,000 days on mechanical ventilator. Aim: In this study, we had 
an aim to determine the occurrence of ventilator-associated pneumonia (VAP) in patients with 
MV who were hospitalized in the intensive care unit. Method: The study was retrospective, 
clinical, conducted in the period from 01.01.2016. until 31.12.2016. In a one-year period, 
719 patients of both sex, aged 14 to 91, were hospitalized in the intensive care unit of the 
Clinic for Anesthesia and Resuscitation of the University Clinical Center in Sarajevo. The study 
included 250 patients of both sex who had respiratory support with mechanical ventilator. 
No patient was excluded from the study. As a confirmation of VAP, we used microbiologi-
cal reports from the patient history documentation. The results were presented statistically 
through tables and graphs, numerically, by a percentage, and by a mean value with standard 
deviation. Results: Out of the 719 hospitalized patients, 250 or 34.8% underwent controlled 
ventilation. In 103 or 41.2% of patients some form of pneumonia was confirmed microbiolog-
ically. An average patient age on controlled ventilation was 60.4 ± 16.8 years. The mean age 
of a female patients who were on controlled ventilation was 63.2 ± 16.7, higher than that of 
male patients, which was 57.8 ± 16.6 years. The most frequent patients were over 60 years 
of age (52.8%). The shortest hospitalization of patients on controlled mechanical ventilation 
was 1 day and the longest was 120 days. Average duration of mechanical ventilation was 6.9 ± 
10.5 days. Conclusion: VAP is a relatively common complication in patients with MV that can 
increase morbidity and mortality, as well as treatment costs. It is more frequent in females and 
in the elderly. Medical staff should provide normal maintenance of respiratory functions to a 
patient who is on MV, which will reduce the risk of VAP.
Keywords: hospital or nosocomial infection, pneumonia ventilator ventilation, intensive care 
unit, controlled mechanical ventilation.

1. INTRODUCTION
Ventilator-induced pneumonia (VAP) is a type of intrahospital infection

that occurs after intubation of a patient and initiation of mechanical ven-
tilation (MV). The incidence of VAP is 25-30% of the total number of crit-
ically ill in Intensive Care Units. It is accompanied by a high mortality rate 
(25-75%), increased cost and duration of treatment, and great attention is 
paid to non-pharmacological and pharmacological measures to prevent its 
occurrence (1). Early diagnosis has a crucial role, and an antibiotic choice 
depends on it. MV is performed in patients who for any reason are not able 
to provide spontaneous breathing to exchange gas in the body. Patients on 
MV are exposed to the possibility of more frequent occurrence of VAP (2). 
In recent decades, the causes of VAP are often resistant strains of bacteria, 
among which the leading role is played by Acinetobacter boumani, Klebsiella 
pneumoniae and Pseudomonas aeruginosa (3). The patient connected to the 
MV lung apparatus (ventilator) should be provided with normal maintenance 
of respiratory function while reducing the risk of developing VAP (4).

2. AIM
The aim of the study was to analyze characteristics of the patients with ven-

tilator-associated pneumonia during one-year period (2016).
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3.	 MATERIAL AND METHODS
The study was a clinical, and retrospective, conduct-

ed during the period from 01.01.2016 to 31.12.2016., in 
ICU at Clinic for Anesthesia and Resuscitation, Clini-
cal Center of the University of Sarajevo (KCUS). During 
that period, 719 patients were hospitalized. The inclu-
sion criterion was administration of MV. The study in-
cluded 250 patients who were mechanically ventilated. 
The study included patients 14 to 91 years old, of both 
gender. The following variables were collected: age, sex, 
duration of MV, type of microorganism from endotra-
cheal tube swabs, cannulas and broncholalveolar lavage 
fluid. None of the patients was excluded from the.

Statistical data processing was done using the com-
puter program Excel (Microsoft Office Excel 2003) and 
SPSS 13 for Windows, a computer program for statistical 
analysis. The data were statistically processed so that the 
following values ​​were determined: mean and standard 
deviation, minimum and maximum value. The results 
were presented in the form of tables and graphs. For cat-
egory variables, the results were presented as absolute 
numbers and the percentage frequency of individual 
categories. The Hi-square test was used to analyze the 
category variables. The significance of the difference for 
continuous variables was tested by an independent Stu-
dent t-test. Values ​​of p <0.05 were considered statistical-
ly significant.

4.	 RESULTS
Out of 719 (100%) hospitalized patients, 250 (34.8%) 

were on mechanical ventilation (MV), with 121 (48.4%) 
patients being female, while 129 (51.6%) were male. No 
statistically significant difference was found in the sexu-
al representation of patients who underwent MV (χ2 = 
0.128; p = 0.720).

The mean age of patients on MV was 60.4 ± 16.8 
years. The youngest male patient was 14 and the oldest 
87 years old. The youngest patient was 19 and the oldest 
91 years old. The mean age of female patients who were 
on MV was higher (63.2 ± 16.7 years) compared to the 
age of male patients (57.8 ± 16.6 years). A statistically 
significant difference (p = 0.011) was found in the age of 
patients with MV in relation to gender. The mean dura-
tion of MV patients included in our study was 6.9 ± 10.5 
days. Mechanical ventilation in male patients lasted the 
shortest 1 and the longest 45 days, while in female pa-
tients the shortest duration of MV was 1 and the longest 
120 days.

Analyzing the duration of MV, we found that it lasted 
longer in female patients (7.9 ± 13.2 days) compared to 
male patients (5.9 ± 6.9 days). There was no statistically 
significant difference (p = 0.138) in the duration of MV 
in different gender patients (Table 1).

Out of total number of patients on the MV the age 
group of up to 30 years old had the smallest number of 
patients, a total of 19 or 7.6%; in the group of patients 
older than 30 years and up to 60 years old there were 
99 (39.6%) patients, while in the age group of over 60 
years old there was the largest number of patients, 132 
or 52.8%.

A statistically significant difference was found in the 
prevalence of patients who underwent mechanical ven-
tilation in different age groups (χ2 = 53.59; p <0.0005) 
(Figure 1).

In the age group up to 30 years, there were 6 (31.6%) 
female patients and 13 (68.4%) of male patients. In the 
group of patients aged 30 to 60 years, there were 42 
(42.4%) female patients and 57 of (57.6%) male patients. 
73 (55.3%) female patients and 59 (44.7%) of male pa-
tients belonged to the age group of over 60 years old 
(Figure 1).

Analyzing the point prevalence of VAP, we found that 
pneumonia was present in 103 (41.2%) patients.. Of the 
total number of patients on MV with confirmed pneu-
monia, 53 (51.5%) patients were female, while 50 (48.5%) 
patients were male. Although higher, the prevalence of 
female patients with confirmed pneumonia did not dif-
fer statistically significantly from that of male patients 
(χ2 = 0.0194; p = 0.889).

The mean age of patients on MV in whom pneumonia 
was confirmed was 59.6 ± 16.8 years, with a minimum 
age of 19 and a maximum age of 90, while the mean age 
of patients on MV in whom pneumonia was not con-
firmed was 60.9 ± 16.9 years, with a minimum age of 
14 and a maximum age of 91 . There was no statistically 
significant difference (p = 0.554) between the age of pa-
tients with MV in whom pneumonia was confirmed and 
those in whom it was not. The mean duration of MV 
in patients with confirmed pneumonia was 12.1 ± 14.4 
days and was statistically significantly higher (p <0.0005) 
compared to the average duration of MV patients in 
whom pneumonia was not confirmed, which was 3.2 ± 
3.3 days.

Female patients
(n=121;48.4%)

Male patients
 (n=129;51.6%) p

Age
(years)

63.2 ± 16.7 57.8 ± 16.6 0.011

Min. Max. Min. Max.
19 91 14 87

Length of controlled 
mechanical ventilation
(days)

7.9 ± 13.2 5.9 ± 6.9 NS

Min. Max. Min. Max.
1 120 1 45

Table 1. Age and duration of controlled mechanical ventilation in 
relation to the gender of patients. p- probability, NS – non significant

Figure 1. Percentage representation of patients on MV based on age 
groups and gender
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Female patients with confirmed pneumonia who were 
on MV had a mean age greater than the age of male 
patients, but the difference found was not statistical-
ly significant [60.8 ± 17.1 years vs. 58.4 ± 16.5 years; p 
= 0.458]. The youngest patient on MV with confirmed 
pneumonia was 19 and the oldest was 90 years old, while 
the youngest patient was 20 and the oldest was 85 years 
old.

The duration of MV in patients with female pneumo-
nia was 14.0 ± 18.1 days and was higher, but not statisti-
cally significant (p = 0.163), compared to the duration of 
MV in male patients (10.1 ± 8.7 days).

Shortest mechanical ventilation in female patients 
with pneumonia lasted for 1 day and the longest for 120 
days, while in male patients with pneumonia the short-
est duration of MV was 2 and the longest was 45 days. 
Out of the total number of patients with pneumonia 
who were on MV, 9 or 8.7% of patients belonged to age 
group of up to 30 years old; in the group of patients old-
er than 30 and up to 60 years old there were 41 (39.8%) 
of patients, while in the age group over 60 years there 
was the largest number of patients, 53 or 51.5%. The 
difference in the prevalence of patients with confirmed 
pneumonia who underwent MV in different age groups 
was statistically significant (χ2 = 18.87; p <0.0001). Tube 
smear analysis in patients with confirmed pneumonia 
who were on MV showed that the tube smear in 7 (6.8%) 
patients was sterile, while in 96 (93.2%) patients it was 
positive.

The most common causative agent isolated from tube 
swabs that was confirmed in 57 (59.4%) of patients with 
pneumonia who were on MV was Acinetobacter bau-
mannii. Frequency of other isolates from various sam-
ples is shown in the Table 2, .

Analysis of cannula swab in patients with confirmed 
pneumonia who were on MV showed that cannula swab 
in 89 (86.4%) patients was sterile, while in 14 (13.6%) pa-
tients it was positive.

5.	 DISCUSSION
The causes of VAP are usually bacteria. The primary 

route of pathogen entry into the trachea is through the 
tube or by passage of bacteria around the cuff of endo-
tracheal tube. The diagnosis of VAP in our study was 
made by microbiological processing of a sample taken 
from the patient’s airway. Laboratory-confirmed diag-
nosis of VAP was considered to be the isolation of bac-
teria from a sample of material obtained by tube swab, 
tracheal cannula, or bronchoaspiration. In our material, 
the most common causes of VAP were Acinetobacter, 
Klebsiella and Pseudomonas, alone or in combination 
with other bacteria. No statistically significant difference 
was found in the gender representation of patients who 
were on MV. It is known that the length of mechanical 
ventilation is directly related to the incidence of pneu-
monia. The mean duration of MV in patients included in 
our study was 6.9 ± 10.5 days. According to the results of 
our study, among the patients who underwent MV, there 
were (48.4%) female patients, while (51.6%) patients 
were male. We compared our results with those of other 
authors who had similar clinical trials. A similar result 
was found in the study by Sharpe et al. (4) with pro-
longed MV the incidence of VAP increases. The mean 
duration of MV in patients with confirmed pneumonia 
was 12.1 ± 14.4 days and it was statistically significantly 
higher than in patients without pneumonia (3.2 ± 3.3). 
No statistically significant difference in the duration of 
mechanical ventilation of patients of different sexes was 
found. The mean age of our patients on MV was 60.4 
± 16.8 years. A statistically significant difference was 
found in the prevalence of patients who underwent MV 
in different age groups. Most patients were in the group 
over 60 years with a percentage of 52.8%. In a study by 
Sharpe et al. the mean age of the subjects was 51.5 ± 
19.5 years (4). Pawar et al. reported significant risk fac-
tors for VAP: coma, tracheostomy, reintubation, chronic 
obstructive pulmonary disease (COPD), steroid use, and 
enteral feeding. The most common isolated pathogens 
were Pseudomonas aerug., E. coli, Klebsiella pneumo-
niae, staphylococci, and Acinetobacter with a mortality 
rate of 16% (5). In a study by Gadani et al. the mortality 
rate of VAP patients was 29.72% (6). Rakshit et al. re-
ported that half of the patients developed VAP due to 
Pseudomonas aeruginosa (7). In this study, significant 
risk factors for the development of VAP were impaired 
consciousness, re-intubation, emergency intubation, 
and existing co-morbidities. Joseph et al reported VAP 
incidence rates of 30.67 and 15.87 per 1000 days of ven-
tilation in two different JINJs (8). Rello and co-workers 
studied the onset of VAP in the first 48 hours after in-
tubation and pointed to an association between failure 
in attempts to disengage from MV and the incidence 
of VAP. They confirmed that frequent system changes 
during mechanical ventilation, types of humidifiers and 

Isolated microorganisms
Swab of 

tube
%

Swab of 
cannilla

%

Bronchoalve-
olar fluid

%
Acinetobacter baumanni 59.4 28.6 43.1
Klebsiella pneumoni 10.4 7.1 7.8
Pseudomonas aeruginosa 9.4 35.7 15.7
Meticillin Resistent Staphylococus 
Aureus (MRSA) 9.4 - 11.8

Acinetobacter boumanni + Klebsi-
ella pneumoniae 4.2 - 7.8

Acinetobacter boumani.+MRSA 3.1 7.1 -
Acinetobacter boumanni + Pseudo-
monas aeruginosa 2.1 7.1 5.9

Klebsiella pneumoniae + MRSA 1.0 - -
Pseudomonas aeruginosa + MRSA 1.0 - 2.0
Pseudomonas aeru.+Klebsiella 
pneum.+MRSA - - 3.9

Acinetobacter b.+Pseudomonas 
aeru.+Klebsiella pn. - - 2.0

Pseudomonas aeruginosa+Klebsiel-
la pneumonie - 14.3 -

Total 100 100 100

Table 2. Types and percentage of isolated pathogens of tube, cannula 
and bronchoalveolar fluid swabs of patients on MV causatives of VAP 
infection.
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methods of their application, are all associated with a 
more frequent incidence of VAP (9-11).

From the above data, we notice that the most common 
pathogen isolated from all microbiological analyzes is 
Acinetobacter baumanii. Acinetobacter baumanii as 
a multidrug-resistant form is sensitive only to Colistin 
(12). It is clear from everything that Acinetobacter bau-
mannii is a growing worldwide health problem (13). Se-
vere infections caused by A. baumannii and P. aerugino-
sa are also often treated with combination therapy, but 
unlike K. pneumoniae there is no convincing evidence 
that this achieves a better effect compared to monother-
apy. The biggest benefit of combination therapy is that 
the antibiotic to which the pathogen is sensitive is more 
likely to be affected. The effect of combination therapy 
in the form of improved survival has been demonstrat-
ed in infections caused by K. pneumoniae, whereas for 
Acinetobacter and Pseudomonas there is insufficient ev-
idence that any combination is better than monotherapy 
(14, 15). MV leads to the formation of VAP, but there is 
probably the possibility of ingestion of microorganisms 
indirectly through contamination by the action of health 
workers.

We can see that the results vary from study to study, so 
we cannot say with certainty whether the parameters of 
microbiological analysis and all isolated causes are good 
indicators that pneumonia will develop, but we call them 
potential causes of pneumonia. Additional research and 
analysis that will include more parameters and variables 
in the study should certainly be conducted on this topic.

Future research on this topic, which would include an 
even larger number of respondents over a longer period 
of research, would certainly give a more complete pic-
ture of it.

6.	 CONCLUSION
VAP is a relatively common complication in patients 

with MV that can increase morbidity and mortality as 
well as treatment costs. It is more common in females 
and the elderly. The most common causative agent iso-
lated from tube swabs, cannulas, bronchoalveolar lavage 
fluid is Acinetobacter baumanii.
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