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The Incidence and Risk Factors of Ventilator-Associated Pneumonia in ICU
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Abstract- Considering the importance of ventilator-associated pneumonia (VAP) and the high mortality rate
among patients diagnosed with VAP, the aim of the current study was to evaluate the incidence of VAP, and
its related risk factors in patients admitted to the intensive care unit (ICU). A total of 197 patients undergoing
mechanical ventilation in the ICU diagnosed with VAP was enrolled in this study. Among these patients, 59
(53.6%) cases were male, and 51 (46.4%) were female with the mean age of 69.86±14.62 years. The most
common cause of ICU admission was CVA, followed by colorectal cancer, lung cancer, sepsis, and cirrhosis.
Our results showed that 110 individuals (55.8%) were diagnosed with VAP. The most common bacteria were
Klebsiella, which was found in 20.3% of cases. (47.7%) of patients had diabetes, 21.8% had chronic kidney
disease, and 51.8% had cardiovascular disease. 32.7% of patients were bedridden before intubation. The
mortality rate due to VAP was estimated at about 20%. In conclusion, the incidence of VAP in ICU is
relatively high (55.8%), with a mortality rate of 20%. Among the risk factors, the presence of diabetes,
bedridden, reduction in consciousness, and the time duration of mechanical ventilation are relative to this type
of infection.
© 2020Tehran University of Medical Sciences. All rights reserved.
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Introduction
It has been observed that the incidence of VentilatorAssociated Pneumonia (VAP) varies from 10 to 25% of
all patients admitted to ICU. In addition, VAP is
significantly associated with increased mechanical
ventilation duration, length of hospital stay, intensive
care unit, and increased hospital treatment costs (1).
Besides, previous studies have demonstrated that the
likelihood of deaths in patients diagnosed with VAP
might be increased by up to 30%, which is 6-21 times
higher in the intubated patients (2).
VAP occurred when an infection factor such as
bacterial, viral, and fungal pathogens enter the sterile
area of the lower respiratory tract or lung parenchyma. It
has been well documented that VAP is usually caused
by Pseudomonas aeruginosa, Klebsiella pneumonia, and
Acinetobacter baumannii. Also, Staphylococcus aureus
accounts for approximately 20% of patients diagnosed
with VAP (3-5). On the other hand, the overgrowth of
gram-negative bacteria in the upper gastrointestinal tract
might be one of the causes of VAP. In addition, the
elderly males, history of sinusitis, low pressure of air-

filled endotracheal tube, long duration of intubation, and
etc. are considered as the risk factors of VAP (6). Based
on the previous studies, the diagnosis of VAP includes a
combination of new or persistent infiltrates on chest
radiographic studies and the two of the following
factors, including high temperature (greater than 38.3),
leukocytosis, or purulent tracheal secretions (7).
It has been shown that the current preventive
approaches for VAP are mainly directed at colonization
and aspiration, such as avoiding intubation (8), oral care
(9), assessing for early weaning and mobility (10-12),
and prophylactic probiotics and antibiotics (13).
Recently it was shown that the usage of broad-spectrum
antibiotics had been increased in patients diagnosed with
VAP due to increasing the incidence of multidrugresistant (MDR) infections (14). Although prevention
efforts might decrease the incidence of VAP,
unfortunately, only a few preventive strategies have
been indicated to be effective in managing VAP, while
many others should be further evaluated in large
randomized trials before becoming the clinical
recommendations (15). In this regard, reducing the
incidence of VAP remains a critical element of the
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management for individuals admitted to intensive care
units and needing mechanical ventilation. Based on the
importance of VAP and the high mortality rate in
patients requiring mechanical ventilation, this study
aimed to investigate the incidence of VAP and its related
factors and identify common organisms in intubated
individuals admitted to ICU.

Material and Methods
The current descriptive and retrospective study was
evaluated the incidence of VAP and its related factors in
197 individuals undergoing mechanical ventilation for
more than 48 hours in ICUs of Imam Reza Hospital.
Patients were enrolled in this study based on the
inclusion criteria in following (16-18):
1. Patients who underwent at least 48 hours of
mechanical ventilation.
2. Patients diagnosed with VAP based on the
following criteria:
a. New or developing abnormalities in
radiographic studies.
b. Body temperature higher than 38 degrees
centigrade.
c. Leukocytosis (≥12,000), or leukopenia
(<4,000).
d. Purulent discharge.
On the other hand, individuals with cardiac or lung
transplantations, massive hemoptysis, and patients with
hemodynamic changes were excluded from this study.
In addition, we excluded individuals with the age of
lower than 18 and patients who had been transferred
from another hospital while undergoing mechanical
ventilation.
The chi-square analyses were used to analyze the
data in the current study by using SPSS version 24.
P<0.05 was a critical criterion for statistical
significance.

Results
In our study, 336 individuals were admitted to the
ICU. Of these, 207 individuals underwent mechanical
ventilation. Finally, 197 patients were enrolled in this
study based on the inclusion criteria. The mean age of
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individuals was 69.86±14.62, with a maximum of 96year-old. The mean hospitalization time 23.21±15.06,
with a minimum of 4 and a maximum of 90 days. In
addition, we evaluated the APACHEE II score after
admission. The mean APACHEE II score was
20.34±2.82, with a maximum of 25 and a minimum of
12. In this study, we evaluated the cause of ICU
admission. The most prevalent cause of ICU admission
was a cerebrovascular accident (CVA) and followed by
colorectal cancer, lung cancer, sepsis, and cirrhosis.
Our results showed that 110 (55.8%) individuals
were diagnosed with VAP based on the VAP criteria.
Based on the result of bacterial culture, the most
prevalent cause of VAP was Klebsiella (20.3%) and
followed by Citrobacter (16.8%), Acinetobacter
(14.2%), and Enterobacter (4.6%).
Chi-square analysis between gender and the
prevalence of VAP showed that VAP had not any
association with gender (P=0.83, Table 1). Also, our
analysis showed that diabetes was significantly
associated with the prevalence of VAP (P=0.001, Table
1). In addition, our analysis failed to show any
association between chronic kidney disease and the
prevalence of VAP by using the Chi-square test (P=0.7,
Table 1). Based on our results, the prevalence of VAP
had not any association with cardiovascular diseases
(P=0.88, Table 1). In this study, we observed that the
bedridden condition is a strong risk factor for VAP
(P=0.014, Table 1). Both chronic lung diseases and loss
of consciousness are associated with the prevalence of
VAP
(P=0.012
and
P=0.048,
respectively).
Malignancies, central venous catheter, past history of
corticosteroid and H2 blocker usage, past history of
antibiotic usage, long sedation treatment, and past
history of trauma were not associated with the
prevalence of VAP (P=0.693, P=0.768, P=0.17,
P=0.668, P=0.876, P=0.972, and P=0.77, respectively).
Finally, our results showed that patients who underwent
ventilation for more than two days were significantly
associated with the prevalence of VAP (P=0.0001); also,
the prevalence of VAP was significantly associated with
a mortality rate (P=0.009).
On the other hand, Table 2 shows the results of our
bacterial culture analysis and the resistance of each type
to their reference antibiotics.
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Table 1. Evaluation of the risk factors of VAP
Diagnosed with VAP
Yes
No

Items
Genders
History of CVD
History of
diabetes
History of CKD
Bedridden
condition
History of
malignancy
History of CVC
History of
Corticosteroid
History of H2
Blocker
History of
antibiotics
Long sedation
treatment
History of trauma
History of CLD
History of LOC
Duration of
ventilation
Death

Antibiotics
Tetracycline
Amikacin
Ceftriaxone
Ciprofloxacin
Ceftazidime
Cefoxitin
Nalidixic acid
Imipenem
Erythromycin
Cefotaxime
Gentamycin

Male
Female
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
More than 2
days
Less than 2
days
Positive
Negative

P

59 (53.6%)
51 (46.4%)
46 (52.9%)
41 (47.1%)
47 (42.7%)
63 (57.3%)
24 (21.8%)
86 (78.2%)
36 (32.7%)
72 (82.8%)
50 (45.5%)
60 (54.5%)
66 (60%)
44 (40%)
22 (20%)
88 (80%)
102 (92.7%)
8 (7.3%)
77 (70%)
33 (30%)
9 (8.2%)
101 (91.8%)
3 (2.7%)
107 (97.3%)
25 (22.7%)
85 (77.3%)
71 (64.5%)
39 (35.5%)

48 (55.2%)
39 (44.8%)
57 (51.8%)
53 (48.2%)
18 (20.7%)
69 (57.3%)
21 (24.1%)
66 (75.9%)
15 (17.2%)
74 (67.3%)
42 (48.3%)
45 (51.7%)
54 (62.1%)
33 (37.9%)
11 (12.6%)
76 (87.4%)
82 (94.3%)
5 (5.7%)
60 (69%)
27 (31%)
7 (8%)
80 (92%)
3 (3.4%)
84 (96.6%)
8 (9.2%)
79 (90.8%)
44 (50.6%)
43 (49.4%)

107 (97.3%)

72 (82.8%)

3 (2.7%)

15 (17.2%)

22 (20%)
88 (80%)

6 (6.9%)
81 (93.1%)

0.83
0.883
0.001*
0.7
0.014*
0.693
0.768
0.17
0.668
0.876
0.972
0.77
0.012*
0.04*

0.0001*

Table 2. Antibiogram of culture in individuals diagnosed with VAP
Acinetobacter
Klebsiella
Citrobacter
19.2
Resistance
80.8
Sensitivity
18.5
40
78.8
Resistance
81.5
60
21.2
Sensitivity
78.6
90.6
Resistance
21.4
9.4
Sensitivity
28.6
Resistance
71.4
Sensitivity
21.4
12.5
Resistance
78.6
87.5
Sensitivity
25
Resistance
75
Sensitivity
14.3
77.5
Resistance
85.7
22.5
Sensitivity
67.9
92.5
78.1
Resistance
32.1
7.5
21.9
Sensitivity
15.4
Resistance
84.6
Sensitivity
84.4
Resistance
15.6
Sensitivity
Resistance
Sensitivity

0.009*

Enterobacter
33.3
66.7
11.1
88.9
88.9
11.1
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Discussion
In this study, we observed the high prevalence of
VAP in patients undergoing mechanical ventilation in
ICU. In addition, we showed a high mortality rate due to
VAP. Besides, we indicated that diabetes, bedridden
condition, chronic lung disease, history of loss of
consciousness, and long duration of intubation might be
the risk factors of VAP in ICU.
In the current report, among 197 intubated patients,
110 individuals (55.8%) were diagnosed with VAP.
Afkhamzadeh et al., (19) were evaluated the prevalence
of VAP in 2011. The results of the recently mentioned
study showed that the prevalence of VAP estimated
about 32.2% in ICU. While Naderi et al., (20) showed
that the prevalence of VAP in individuals with a past
history of hospital-acquired pneumonia was 66.5%.
Besides, numerous studies have estimated the
prevalence rate of VAP in India (35.9%), the
Netherlands (45.9%), and Singapore (73%) (21,22).
These variations might be due to numerous approaches
in the diagnosis of VAP and the variations of the target
population. In addition, the severity of underlying
diseases and the cause of the admission or indication of
intubation could play a key role in the rate of
prevalence. Moreover, most studies have focused on the
prevention approaches to reduce the prevalence rate of
VAP (23,24).
In the current study, the mean age of patients was
69.86±14.62, and the mean hospitalization time was
23.21±15.06 days. Among individuals diagnosed with
VAP, 97.3% was intubated for more than two days. In
addition, the most prevalent cause of VAP was
Klebsiella and followed by Citrobacter, Acinetobacter,
and Enterobacter, respectively. Raad et al., in 2010
showed that the most prevalent pathogen of VAP was
methicillin-resistant Staphylococcus aureus (MRSA)
and
followed
by
Pseudomonas
Aeruginosa,
Acinetobacter Baumannii, Klebsiella, Enterobacter, and
Candida Albicans (25). However, Nadi et al., (26)
indicated that the gram-negative bacteria were the most
common cause of VAP. In line with the previously
mentioned study, in another study, the most prevalent
cause of VAP was the gram-negative bacteria.
In the current study, the VAP was not associated
with gender, history of CVD, history of CKD, history of
malignancies, history of drug usages such as
corticosteroid, antibiotic, and H2 blockers, and the
duration of sedation treatment. While, we observed that
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diabetes, bedridden condition, chronic lung disease,
history of loss of consciousness, and long duration of
intubation were the risk factors of VAP. Previous studies
showed that the history of H2 blocker treatment could
increase the prevalence of VAP due to the high growth
rate of bacteria in alkaline environments (27,28).
However, we did not observe any association between
the history of the H2 blocker and the prevalence of
VAP. Therefore, based on the result of the current study
using an H2 blocker not only could prevent the peptic
ulcer in intubated individuals but also could not be a risk
factor for VAP. Finally, we observed a high mortality
rate among individuals diagnosed with VAP. In line
with our results, past studies showed that VAP is a
critical and life-threatening condition (29).
In this study, we concluded that the most prevalent
pathogenesis of VAP was a gram-negative bacterium.
Also, based on our results, diabetic patients, individuals
with a history of loss of consciousness, bedridden
individuals, and individuals diagnosed with chronic lung
disease are at risk of VAP after undergoing mechanical
ventilation. In addition, we observed that the long
duration of mechanical ventilation is strongly associated
with VAP. Therefore, decreasing the time duration of
mechanical ventilation could decrease the prevalence of
VAP. Finally, using the H2 blocker was not associated
with VAP; thus, these agents are safe to use for
preventing the peptic ulcer in intubated individuals.

References
1.

2.

3.

4.

5.

Warren DK, Shukla SJ, Olsen MA, Kollef MH,
Hollenbeak CS, Cox MJ, et al. Outcome and attributable
cost of ventilator-associated pneumonia among intensive
care unit patients in a suburban medical center. Crit Care
Med 2003;31:1312-7.
Dasgupta S, Das S, Chawan NS, Hazra A. Nosocomial
infections in the intensive care unit: Incidence, risk
factors, outcome and associated pathogens in a public
tertiary teaching hospital of Eastern India. Indian J Crit
Care Med 2015;19:14-20.
Jones RN. Microbial etiologies of hospital-acquired
bacterial pneumonia and ventilator-associated bacterial
pneumonia. Clin Infect Dis 2010;51:S81-S7.
Trouillet J-L, Chastre J, Vuagnat A, Joly-Guillou M-L,
Combaux D, Dombret M-C, et al. Ventilator-associated
pneumonia caused by potentially drug-resistant bacteria.
Am J Respir Crit Care Med 1998;157:531-9.
Lawal O, Muhamadali H, Ahmed WM, White IR, Nijsen

M. Noorifard, et al.

6.

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

TM, Goodacre R, et al. Headspace volatile organic
compounds from bacteria implicated in ventilatorassociated pneumonia analysed by TD-GC/MS. J Breath
Res 2018;12:026002.
Gruson D, Hilbert G, Vargas F, Valentino R, Bebear C,
Allery A, et al. Rotation and restricted use of antibiotics
in a medical intensive care unit: impact on the incidence
of ventilator-associated pneumonia caused by antibioticresistant gram-negative bacteria. Am J Respir Crit Care
Med 2000;162:837-43.
Hunter JD. Ventilator associated pneumonia. Bmj
2012;344:e3325.
Carron M, Rossi S, Carollo C, Ori C. Comparison of
invasive and noninvasive positive pressure ventilation
delivered by means of a helmet for weaning of patients
from mechanical ventilation. J Crit Care 2014;29:580-5.
Nicolosi LN, del Carmen Rubio M, Martinez CD,
González NN, Cruz ME. Effect of oral hygiene and
0.12% chlorhexidine gluconate oral rinse in preventing
ventilator-associated pneumonia after cardiovascular
surgery. Respir Care 2014;59:504-9.
Balas MC, Vasilevskis EE, Olsen KM, Schmid KK,
Shostrom V, Cohen MZ, et al. Effectiveness and safety of
the awakening and breathing coordination, delirium
monitoring/management, and early exercise/mobility
(ABCDE) bundle. Crit Care Med 2014;42:1024-36.
Klompas M, Anderson D, Trick W, Babcock H, Kerlin
MP, Li L, et al. The preventability of ventilator-associated
events. The CDC prevention epicenters wake up and
breathe collaborative. Am J Respir Crit Care Med
2015;191:292-301.
Najafi A, Mojtahedzadeh M, Ahmadi A, Ramezani M,
Shariatmoharari R, Hazrati E. Rapidly changing
tachyarrhythmia in acute stroke. Basic Clin Neurosci
2013;4:169-71.
Wong T, Schlichting AB, Stoltze AJ, Fuller BM, Peacock
A, Harland KK, et al. No decrease in early ventilatorassociated pneumonia after early use of chlorhexidine.
Am J Crit Care 2016;25:173-7.
Ekren PK, Ranzani OT, Ceccato A, Li Bassi G, Muñoz
Conejero E, Ferrer M, et al. Evaluation of the 2016
Infectious Diseases Society of America/American
Thoracic Society guideline criteria for risk of multidrugresistant pathogens in patients with hospital-acquired and
ventilator-associated pneumonia in the ICU. Am J Respir
Crit Care Med 2018;197:826-30.
Bassi GL, Senussi T, Xiol EA. Prevention of ventilatorassociated pneumonia. Curr Opin Infect Dis 2017;30:21420.
Society AT, America IDSo. Guidelines for the
management of adults with hospital-acquired, ventilator-

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

associated, and healthcare-associated pneumonia. Am J
Respir Crit Care Med 2005;171:388-416.
Sadasivan P, George L, Krishnakumar K. Ventilator
Associated Pneumonia-Diagnosis and Prevention
Strategies in Critically ILL Patients: A. 2018.
Sadeghi K, Hamishehkar H, Najmeddin F, Ahmadi A,
Hazrati E, Honarmand H, et al. High-dose amikacin for
achieving serum target levels in critically ill elderly
patients. Infect Drug Resist 2018;11:223-8.
Afkhamzadeh A, Lahoorpour F, Delpisheh A, Janmardi
R. Incidence of ventilator-associated pneumonia (VAP)
and bacterial resistance pattern in adult patients
hospitalised at the intensive care unit of Besat Hospital in
Sanandaj. Sci J Kurdistan Univ Med Sci 2011;16:20-6.
Naderi H, Sheybani F, Sarvghad M, Nooghabi MJ. Can
procalcitonin add to the prognostic power of the severity
scoring system in adults with pneumonia? Tanaffos
2015;14:95-106.
Eggimann P, Pittet D. Infection control in the ICU. Chest
2001;120:2059-93.
Gastmeier P, Geffers C. Prevention of ventilatorassociated pneumonia: analysis of studies published since
2004. J Hosp Infect 2007;67:1-8.
Álvarez-Lerma F, Palomar-Martínez M, Sánchez-García
M, Martínez-Alonso M, Álvarez-Rodríguez J, Lorente L,
et al. Prevention of ventilator-associated pneumonia: the
multimodal approach of the Spanish ICU “Pneumonia
Zero” Program. Crit Care Med 2018;46:181-8.
Aminjan HH, Abtahi SR, Hazrati E, Chamanara M, Jalili
M, Paknejad B. Targeting of oxidative stress and
inflammation through ROS/NF-kappaB pathway in
phosphine-induced hepatotoxicity mitigation. Life Sci
2019;232:116607.
Raad II, Mohamed JA, Reitzel RA, Jiang Y, Dvorak TL,
Ghannoum MA, et al. The prevention of biofilm
colonization by multidrug-resistant pathogens that cause
ventilator-associated pneumonia with antimicrobialcoated endotracheal tubes. Biomaterials 2011;32:2689-94.
Nadi E, Nekouii B, Mobin A, Nekouii A, Moghim Beigi
A. Frequency of Nosocomial Pneumonia in ICUs of
Hospitals of Hamadan University of Medical Sciences. J
Isfahan Med Sch 2011;29:1161-8.
Kalin G, Alp E, Coskun R, Demiraslan H, Gündogan K,
Doganay M. Use of high-dose IV and aerosolized colistin
for the treatment of multidrug-resistant Acinetobacter
baumannii ventilator-associated pneumonia: do we really
need this treatment? J Infect Chemother 2012;18:872-7.
Grindlinger GA, Cairo SB, Duperre CB. Pneumonia
prevention in intubated patients given sucralfate versus
proton-pump inhibitors and/or histamine II receptor
blockers. J Surg Res 2016;206:398-404.

Acta Medica Iranica, Vol. 58, No. 9 (2020) 443

The incidence and risk factors of ventilator-associated pneumonia

29. Ismail R, Zahran E. The effect of nurses training on
ventilator-associated pneumonia (VAP) prevention
bundle on VAP incidence rate at a critical care unit. J
Nurs Educ Pract 2015;5:42-8.

444 Acta Medica Iranica, Vol. 58, No. 9 (2020)

