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Abstract Ventilator-associated pneumonia (VAP) is the most common nosocomial infection in the intensive care unit and is 

associated with major morbidity and attributable mortality. Strategies to prevent VAP are likely to be successful only if 
based upon a sound understanding of pathogenesis and epidemiology. The major route for acquiring VAP is 
oropharyngeal colonization by the endogenous flora or by pathogens acquired exogenously from the intensive care unit 
environment, especially the hands or apparel of health-care workers, contaminated respiratory equipment, hospital water, 
or air. All children who are admitted in PICU and mechanically ventilated for more than 48 hours as per definition in 
inclusion criteria are investigated clinically, radiologically and bacteriologically to determine presence of pneumonia and 
isolate causative microorganism. The study also considered the presence of comorbid conditions like CP, CHD, 
hematological disorders, SEIZURE disorders. Hundred and five (70%) patients had abnormal initial findings in Chest X 
ray, fresh (>48 hours of M/V) infiltrates in chest x ray were seen in 67(44.75%) patients. In present study sixty four 
(42.7%) patients developed VAP with similar percentage of male and female patients. 
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INTRODUCTION 
The Roman physician Galen may have been the first to 
describe mechanical ventilation: “if you take a dead 
animal and blow air through its larynx (through a reed) 
your will fill its bronchi and watch its lungs attain the 
greatest distention. Vesalius too describes ventilation by 
inserting a reed or cane into the trachea of animals1. The 
iron lung, also known as the Drinker and Shaw tank, 
was developed in 1929 and was one of the first 
negative-pressure machines used for mechanical 
ventilation. The design of the modern positive-pressure 

ventilators were mainly based on technical 
developments by the military during World War II to 
supply oxygen to fighter pilots in high altitude. Such 
ventilators replaced the iron lungs as safe endotracheal 
tubes with high volume, low pressure cuffs were 
developed.2 The term nosocomial comes from the Greek 
word nosokomein meaning hospital, which is in turn 
derived from the Greek word nosos, meaning disease. 
Therefore a nosocomial infection is an infection 
associated with a hospital or a health care facility. 
Ventilator associated pneumonia (VAP) is defined as 
pneumonia occurring after 48 hours of endotracheal 
intubation and initiation of mechanical ventilation3. 
Categorization of VAP 

a. Early-onset VAP:Ventilator associated 
pneumonia occurring within 4 days of 
endotracheal intubation and initiation of 
mechanical ventilation 

b. Late-onset VAP: Ventilator associated 
pneumonia occurring after 4 days of  

endotracheal intubation and initiation of mechanical 
ventilation. This categorization helps to predict the 
implicated pathogens and guides us in the initial 
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empirical therapy with antibiotics. This is known as the 
epidemiological approach. Pneumonia acquired within 
48 hours after hospital admission as a consequence of 
emergency intubation, aspiration due to decreased level 
of consciousness, coma and cardiopulmonary 
resuscitation are excluded from definition of VAP4. 
Ventilator-associated pneumonia (VAP) is the most 
common nosocomial infection in the intensive care unit 
and is associated with major morbidity and attributable 
mortality. Strategies to prevent VAP are likely to be 
successful only if based upon a sound understanding of 
pathogenesis and epidemiology. The major route for 
acquiring VAP is oropharyngeal colonization by the 
endogenous flora or by pathogens acquired exogenously 
from the intensive care unit environment, especially the 
hands or apparel of health-care workers, contaminated 
respiratory equipment, hospital water, or air. The 
stomach represents a potential site of secondary 
colonization and reservoir of nosocomial Gram-negative 
bacilli. Endotracheal-tube biofilm formation may play a 
contributory role in sustaining tracheal colonization and 
also have an important role in late-onset VAP caused by 
resistant organisms. Aspiration of microbe-laden 
oropharyngeal, gastric, or tracheal secretions around the 
cuffed endotracheal tube into the normally sterile lower 
respiratory tract results in most cases of VAP. 5 

 

METHODOLOGY 
Methods of collection of data Sample Size: 150 
children aged between 1 month and 16 years Sampling 
procedure: Consecutive patients in pediatric intensive 
care unit on mechanical ventilator who developed 
pneumonia fulfilling inclusion criteria were studied. 
Selection Criteria 
Inclusion criteria: 

 The children aged between 1 month and 16 
years who are included in this study are those 
who are on mechanical ventilator for more than 
48 hours 

Exclusion Criteria: 
 Patients who developed respiratory infections 

in less than 48 hours of mechanical ventilation, 
those who are discharged from PICU in less 
than 48 hours or died within 48 hours are 
excluded. 

 Children of Parents who have not given consent 
Methods of Study 
All children who are admitted in PICU and 
mechanically ventilated for more than 48 hours as per 
definition in inclusion criteria are investigated 
clinically, radiologically and bacteriologically to 
determine presence of pneumonia and isolate causative 
microorganism. The study also considered the presence 

of comorbid conditions like CP, CHD, hematological 
disorders, SEIZURE disorders. Outcome variable in 
development of VAP depends on following factors like 
age, sex, clinical signs and symptoms, comorbid illness, 
organism isolated, use of medical devices like RT tube 
and duration of ventilation etc.  
 

RESULTS 
Table 1: Age distribution of patients studied 

Age in years No. of patients % 
0-1 40 26.7 
1-4 30 20.0 

4.1-10 41 27.3 
10.1-16 39 26.0 

Total 150 100.0 
Mean ± SD: 6.01±4.95 
Majority of studied patients were in the age group of 4 
to 10 years. 

 

Table 2: Sex distribution of patients studied 
Gender No. of patients % 
Female 72 48.0 
Male 78 52.0 
Total 150 100.0 

Almost equal number of male 78 (52%) and female 72 
(48), were study subjects 

 

Table 3: Fresh Fever (>48 hours of M/V) among the patients 
studied 

Fresh Fever Gender Total Female Male 
No 39(54.2%) 50(64.1%) 89(59.3%) 
Yes 33(45.8%) 28(35.9%) 61(40.7%) 

Total 72(100%) 78(100%) 150(100%) 
P=0.216 Sixty one (40.7%) of 150 of patients studied 
developed fresh fever after 48 hours of mechanical 
ventilation. 
 

Table 4: New Chest Findings (>48 hours of M/V) among the 
patients studied 

New Chest 
Findings 

Gender Total Female Male 
No 41(56.9%) 48(61.5%) 89(59.3%) 
Yes 31(43.1%) 30(38.5%) 61(40.7%) 

Total 72(100%) 78(100%) 150(100%) 
P=0.567 
Sixty one (40.7%) of total patients studied had New 
Chest Findings after 48 hours of mechanical ventilation. 

 

Table 5: Total WBC Count of patients studied 
Total WBC 

Count 
Gender Total Female Male 

Normal 11(15.3%) 17(21.8%) 28(18.7%) 
Increased 39(54.2%) 40(51.3%) 79(52.7%) 
Decreased 22(30.6%) 21(26.9%) 43(28.7%) 

Total 72(100%) 78(100%) 150(100%) 
P=0.582 
Seventy nine (52.7%) patients had rised Total WBC 
count at presentation. 
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Table 6: Repeat Total WBC Count Raising Trend (>48 hours of 
M/V) in patients studied 

Repeat Total Count 
Raising Trend 

Gender Total Female Male 
No 31(43.1%) 32(41%) 63(42%) 
Yes 41(56.9%) 46(59%) 87(58%) 

Total 72(100%) 78(100%) 150(100%) 
P=0.801 
Eighty seven (58%) patients had increasing trend in 
Total WBC count after 48 hours of mechanical 
ventilation. 
 

Table 7: Chest X-Ray Findings of patients studied 
X-Ray 

Findings 
Gender Total Female Male 

Normal 19(26.4%) 26(33.3%) 45(30%) 
Abnormal 53(73.6%) 52(66.7%) 105(70%) 

Total 72(100%) 78(100%) 150(100%) 
P=0.354 
Hundred and five (70%) patients had abnormal initial 
findings in Chest X ray. 
 

Table 8: Fresh (>48 hours of M/V) infiltrates in repeat Chest X-
ray 

Fresh infiltrates in 
repeat X-ray 

Gender Total Female Male 
No 37(51.4%) 46(59%) 83(55.3%) 
Yes 35(48.6%) 32(41%) 67(44.7%) 

Total 72(100%) 78(100%) 150(100%) 
   P=0.351 
Hundred and five (70%) patients had abnormal initial 
findings in Chest X ray, fresh (>48 hours of M/V) 
infiltrates in chest x ray were seen in 67(44.75%) 
patients. 

Table 9: Incidence of VAP in patients studied 
VAP Develop Gender Total 

Female Male 
No 39(54.2%) 47(60.3%) 86(57.3%) 
Yes 33(45.8%) 31(39.7%) 64(42.7%) 
Total 72(100%) 78(100%) 150(100%) 
P=0.451 
 In present study sixty four (42.7%) patients developed 
VAP with similar percentage of male and female 
patients. 
 
DISCUSSION 
We conducted a prospective, observational study to 
characterize risk factors and outcomes from VAP in 
mechanically ventilated pediatric patients. Diagnosis of 
VAP using clinical criteria alone is often not accurate 
because fever and leucocytosis occur in many febrile 
conditions and colonization of respiratory tract with 
gram negative bacilli is common in intubated patients 
even in absence of pneumonia. Also chest x-ray 
infiltrates in patients on mechanical ventilator may be 

due to causes other than pneumonia. Diagnostic 
bronchoscopy with protected brushing of specimen or 
BAL culture increase the specificity of diagnosis.6 

However invasive diagnostic testing is not needed 
routinely to manage suspected VAP and diagnostic 
bronchoscopy was not used routinely in the present 
study as it was not considered safe in critically ill 
patients. The frequency of VAP in children admitted to 
PICU was 42.7% in the present study. Surveillance 
studies from PICUs show that VAP occur in 3 - 32% of 
ventilated patients. The prevalence quoted from NICU 
and adult ICU reports is much higher 15-32%7 The most 
common organisms isolated in ET tip culture in VAP 
was Klebsiella followed by E. Coli and Gram negative 
non fermenters. The most common organisms isolated 
in blood culture in VAP patients was Klebsiella. The 
diiference in the results as compared to other previous 
studies conducted by RamyaSrinivasan et al8, Maha 
Almuneef et al9can be explained by the antibiotic 
policy, fumigation policy followed by hospital, 
difference in ICU set up and different group of 
population studied. Total mortality of VAP patients in 
our study was 64% while the study conducted by 
NoyalMariya Joseph et al10showed mortality in VAP of 
27% in India. This difference can be explained by 
different group of critically ill children in our study.  
 

Table 10: study in comparison with mean age 
Study Mean age in years 

Present study (n=150) (6.0+-4.9) yrs 
RamyaSrinivasan et al 8(n=58) 0.5 years 
MahaAlmuneef et al9(n=360) 2.5 years 

The mean age in our study is higher when compared to 
with that of Ramya Srinivasan et al study and Maha 
Almuneef et al study. The reason might be due to the 
difference in the sample size and more number of 
adolescent dengue patients landing in ARDS and going 
for mechanical ventilation in our study. 
 

Table 11: study in comparison with sex 

Study Percentage of 
males 

Percentage of 
females 

Present study (N =150) 52% 48% 
Muhammad Hamid  

et al11(N=92) 50% 50% 

Ramya Srinivasan  
et al8(N=58) 56.7% 43.3% 

Sex distribution of patients studied present study is in 
correlation with that of other previous studies 
Muhammad Hamid et al 62and RamyaSrinivasanet al3 
study as samples selected for the studies were random. 
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Table 12: study in comparison with incidence of vap 
Study Incidence of VAP 

Present study (N=150) 42% 
Ramya Srinivasan et al8(N=58) 31.7% 
Modi Payal P et al 12 (N=125) 46.4% 

Muhammad Hamid et al11(N=92) 17.6% 
Edward I. Broughton et al13(N=134) 27.7% 

In our study incidence of VAP was 42% is similar to 
other previous studies Ramya Srinivasan et al, Modi 
Payal et al but incidence is higher in compared to 
Muhammad Haid et al, and Edward I. Broughtonet al 
.Such large variation in incidence is due to case-mix 
differences, differences in the diagnostic criteria used, 
the variable sensitivity and specificity of the available 
diagnostic tests, lack of gold standard test for diagnosis 
of VAP, condition of ICU, nursing care, variability in 
the presence of hospital flora, Policy of Hospital for 
fumigation of ICU, care and maintenance of various 
equipments ( warmer, ventilator machine) and in 
different studies difference in age group (neonates, 
infants and children). 
 
CONCLUSION 
The incidence of VAP was 42.7% in present study. 
Major risk factors for development of VAP are age < 1 
year and >10 years, Severe RDS, positive blood culture, 
abnormal initial chest X- ray. 
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