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ABSTRACT

Background: The objective of this study is to find the occurrence and contributing risk factor of ventilator associated
pneumonia (VAP) in 2 months-5 years age group.

Methods: This was a prospective, observational, hospital-based study carried out in a tertiary care setting hospital.
All patients between 2 months-5 years age admitted in the ICU who had undergone MV were included in the study.
Inclusion criteria includes patients who developed pneumonia after the 48 hours of mechanical ventilation and those
patients were excluded who developed pneumonia within 48 hours of mechanical ventilation and having respiratory
system findings /involvement prior to the MV. After recruiting patients baseline clinical characteristics (age, sex,
diagnosis, duration of MV) were taken, monitored and diagnosed VAP using CDC guidelines until they were
discharged or deceased. The parameters such as fever, oxygenation, leucocytosis, other risk factors. chest X-ray and
ETA>105CFU/ML or microscopy (grain stain>| bacteria/>10 polymorphonuclear cells) were collected every 48
hours.

Results: This study was done in 133 patients while 42 patients (31.58%) developed VAP during their ICU stay. Early
onset VAP occurred in 34 (80.9%) while late onset VAP was observed in the remaining 8 (19.1%) patients. In ETA
culture CFU>10% Klebsiella (38%) was the predominant isolate followed by Pseudomonas (23%), Acinetobacter
(17%), Staphylococcus (13%) and Citrobacter (10%) are offending organism responsible for VAP in MV patient in
present study. On analysis (univariate) reintubation, altered sensorium at intubation and use of antacid are found
significantly associated risk factors with the development of VAP. Multivariate analysis revealed that reintubation
was an important risk factor for the development of the VAP.

Conclusions: The various risk factors can be minimized for better outcome of patients undergoing mechanical
ventilation. Risk factors such as reintubation, altered sensorium at intubation and use of antacid are associated with
VAP and also the physician treating must have knowledge and awareness about prevention of these risk factor to
improve the outcome of patients.
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INTRODUCTION

Pneumonia has been a major cause of mortality and
morbidity in children under 5 years age accounting for
5.8% prevalencel and 1.9 million deaths each year."? In
the modern era the increased rate of hospitalization due

any cause and exposure to hospital micro-flora leads to
hospital acquired infections (HAI). These infections are
those that manifest in patients more than 48 hours after
admission but that was not incubating at the time of
admission. These infections are directly related to the
procedures involved in  diagnostic/ therapeutic/
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interventions performed and also to the resident microbial
flora existing in the particular unit.®> And important one of
them is hospital acquired pneumonia (HAP). Hospital
acquired infections are a major concern especially in
critical care units worldwide and are associated with
higher mortality/ morbidity, increased duration and cost
of care. A smaller subset of these infection (pneumonia)
occurs in patients who undergo mechanical ventilation
(MV) via tracheal/ tracheostomy tube is called Ventilator
associated pneumonia (VAP).* The incidence of VAP is
7.6 cases per 1000 patient ventilator days and the
mortality rate among these ranges from 16-20%
according to the National nosocomial infection
surveillance program.>® In  mechanically ventilated
patients the most common infection that is occurring in
almost one third (28-32%) of all hospital acquired
pneumonias is VAP

The incidence varies could be explained because of the
difference in the wvarious diagnostic criteria used.
Development of VAP <96 hours of MV is classified as
early onset; more than 96 hours is termed as late onset.°
Intubation alone carries the highest weightage among all
risk factors.!! This increased occurrence of VAP is
attributed to either microbial colonization or aspiration of
the respiratory tract during/following intubation.?13

To diagnose VAP in patient undergoing mechanical
ventilation was led by center for disease control and
prevention (CDC).' Despite availability of newer drugs/
equipment’s the treatment of such nosocomial pneumonia
has proved to be difficult. Due to the difference in the
resident micro flora in among various clinical setup the
presentation and prognosis varies. This study is planned
to conclude the incidence and risk factor of VAP in order
to have better outcome of these patients.

METHODS

The present study was conducted in Department of
Pediatrics at a tertiary care center from September 2012-
August 2013. Following college ethical committee
approval, informed consent was taken from the patient’s
guardian.

The study was conducted in inpatient of Department of
Pediatrics aging from 2 months to 5 years. Written and
informed consent was obtained from the parents or legal
guardians prior to study.

Inclusion criteria

e Inclusion criteria includes patients who developed
pneumonia after the 48 hours of mechanical
ventilation.

Exclusion criteria

e Patients were excluded who developed pneumonia
within 48 hours of mechanical ventilation and having

respiratory system findings /involvement prior to the
MV.

After recruitment baseline clinical characteristics (age,
sex, established disease/diagnosis days after admission
and duration of MV) were taken and monitored for the
development of VAP (48hourly) by CDC established
criteria and treated till their final outcome (discharge or
death).On Microbiological assessment the presence of a
single colony on the blood agar after inoculating 0.01 ml
of 1/1000 times diluted EA was interpreted as more than
I0°CFU/ ml and the isolates were identified.'>® The
findings such as fever, O, saturation, Leukocytosis, other
risk factors, chest X-ray and ETA >10°CFU/ML or
microscopy (gram stain >1bacteria/ >10
polymorphonuclear cells ) were collected every 48
hourly.*® The diagnosis of VAP was established on
basis of clinical and microbiological criteria led by
cbc.#

Stastical analysis

Complete data was analyzed by using statistical software
(SPSS 16.0, SPSS Inc). Continuous variables were
compared using Student’s t test, to compare the risk
factors in patients with and without VAP the univariate
analysis was done using chi-square or Fisher’s test. On
logistic regression Odd ratios with their 95% confidence
intervals were obtained. All P values <0.05 were
considered statistically significant.

RESULTS

Over the period of 12months (September 2012 to August
2013) the total 156 patients were admitted in our ICU.
Out of which 23(14.74%) were excluded as per the norms
of this study and rest 133 (55.25%) were enrolled. Of the
133 patients, 42 (31.58%) developed VAP during their
ICU stay. Early onset VAP developed in 34 (80.9%),
while rest of 8 (19.1%) patients developed late onset
VAP. Ninety-two percent (39 out of 42) of VAP cases
occurred within the first week of MV. We found
incidence of VAP was 53.25 per 1,000 ventilator day in
present study. Of the 133 study patients, 82 were male (6
1.6 %) and 51 (38.4%) were female. The meantSD age
of patients receiving MV was 3.6 + 1.3 years (2 months
to 5 years). The age and sex wise distribution of the
patients with and without VAP is compared (Table 1).

Table 1: Age-sex wise distribution of cases.

Parameter AV/ANS Non VAP P
(n=42) (n=9I) value

Age

(MeanSD) 3.5£1.6 3.8+1.1 0.61

Male 29 (69.1%) | 53 (58.3%) | 0.54

Female 13 (30.9%) | 39 (41.7%)

The diagnosis of the patient included were snake
envenomation,  hepatitis ~ A/B,  typhoid, @ CNS
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infection/tubercular meningitis, and head trauma. The
most frequent diagnosis was CNS infection tubercular
meningitis (31.2%). Authors found that them exist no
significant difference among the diagnosis of the patients
with and without VAP (Table 2).

In ETA culture CFU>105 the Klebsiella (38%) was
predominant isolate followed by Pseudomonas (23%),
Acenitobactor (17%), Staphylococcus (13%) and
Citrobactor (10%) are offending organism responsible for
VAP in MV patient in present study. On analysis
(univariate) reintubation, altered sensorium at intubation
and use of antacid are found significantly associated risk
factors with the occurrence of VAP. Multivariate analysis

revealed that reintubation was an independent risk factor
for VAP (Table 3).

Table 2: Primary diagnosis of cases among study
group.

VAP Non VAP P

(n=42) (n=91) value
CNS infection (TBM) 7 (16.6%) @ 3 (14.3%) 0.69
Meningoencephalitis | 23 (54.8%) | 69 (75.8%) 0.44

Primary diagnosis

Hepatitis A/B 3 (7.2%) 3(32%) | -
Infection-typhoid 1 (2.3%) 1(1.1%) | -
Head trauma 5(11.9%) 2(2.1%) -
Snake envenomation | 3 (7.2%) 3(3.2%) | -

Table 3: Univariate analysis of the risk factor for VAP,

VAP (n=42) Non-VAP (n=91) RR (95% Confidence

Clinical features

GCS <8 at intubation 19 45.24
Continuous sedation 08 19.0
Given ryles tube feed 03 07.14
Given antisecretory drug 04 09.52
Re-intubation 13 30.9
Antacid given 11 26.19
Absent head elevation 02 04.76

DISCUSSION

Only clinical grounds are not sufficient enough to
correctly diagnose VAP because while ventilating many
febrile/raised WBC counts conditions occurs and
commonly gram-negative bacilli found indwelling the
respiratory tract without causing pneumonia. Authors
found the incidence of VAP is 31.58% which is
comparable to the observations of other studies. A study
from Greece done in 4 ICU setups had reported incidence
of 32%.% Studies from various country had reported
varying incidence of VAP, Boston studies observed
10.2% per 1000 ventilator days, Indian study by Gupta A
and coworkers reported 28.0% while studies from South
India reported 18.6%.1%2°

Based on duration of mechanical ventilation our
observation is that early onset VAP developed in 34
(80.9%), while late onset VAP in 8 (19.1%) patients.
Various studies observed that the early-onset subtype of
VAP were almost more than half of all VAP cases.?'??

Authors observed that during the first week ventilation
ninety-two per cent (39 out of 42) VAP cases occurred.
Similar findings were there in study by Apostolopoulon
et al, concluded that there was an increased risk of
developing VAP during the first two weeks of MV, the
higher incidence within initial days of MV can be
attributed to multiple risk factors.*

Internal)

21 231 | 195  (2.55-1.35)  0.06

28 308 063 (0.84-042)  <0.05
10 109 071  (1.10-0.32)  <0.05
07 077 12  (1.91-049)  <0.05
03 033 314 | (4.68-16)  0.064
03 033 3 (4.57-1.43)  0.07

08 088 063 | (1.02-0.24)  <0.05

In present study the primary diagnosis found significantly
associated with the development of VAP was CNS
infections; similar observation are there in study from
south india. Another study concluded intra-abdominal
diseases and multiple injury were significantly predispose
for VAP.

On evaluation risk factor associated with VAP
development authors found that on univariate analysis
Reintubation, altered Sensorium at intubation and use of
antacid are found significantly associated and on
multivariate analysis revealed that reintubation carries
highest weightage among all risk factor; Similar
conclusion was there in Patra PK et al, study similarly
Awasthi S et al, in same context concluded the
reintubation within 72 hours of extubating as a single
most important risk factor for the development of
VAP.2324 Sharma H et al, observed that the use of H,
blockers (ranitidine) was significantly related with VAP,
as they decrease the gastric acidity and thus facilitate the
microbial growth  which can lead to VAP on
aspiration.?® The association between altered sensorium at
the time of intubation (GCS<8) and development of VAP
was statistically significantly; could be explained in a
way that it reduces the protective mechanism thus
increases the risk of aspiration of the gastric contents
similar observation in the study form south india
concluded that patients suffering from neurological
disorders and CNS infections were significantly
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predisposed for the development of VAP.° Tullu et al,
conducted study in their study found that altered
sensorium did not increase the incidence of VAP while
the Shrinivasan’s study on multivariate analysis
concluded that use of sedative drugs (narcotic
medications) were associated with VAP and mortality
subsequently on comparison to non-sedated patients,?%:%7

The understanding about these risk factors is very
important as these can be reduced with appropriate
preventive steps/measure and thus can improve the
outcome of the patients. From various study the risk
factor associated with VAP were pointed out as
emergency intubation, reintubation, impaired
consciousness, tracheostomy, and nasogastric tube
insertion were found to be independent risk factors for
VAP3.Other risk factor like prolong MV (>5days) ,head
trauma, supine head position, use of antacid, burns,
steroid therapy were also observed as important risk
factors in various studies.*? So, by having the
knowledge about these risk factors helps us to reduce the
occurrence of VAP, cost and duration of hospital stay.

CONCLUSION

VAP as an important hospital acquired infections in
patients undergoing mechanical ventilation and is an
important outcome affecting entity. The physician
treating must have knowledge about various aspects of
mechanical ventilation and its prevention. The limitation
of this study is that the smaller sample size, but the
findings/factors pointed out in this study are important
risk factor which can be minimized to reduce occurrence
of VAP and subsequent outcome, so that the measure
meant for life saving does not become a threat to the life.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Ranganathan SC, Sonnaa SS. Pneumonia and other
respiratory infections. Pediat Clin North Am.
2009;5:135-56.

2. Williams BG, Gouws E, Boschi-Pinto C, Bryee J,
Dye C. Estimates of world wide distribution of
child deaths from acute respiratory infections.
Lancet Infect Dis.2002;2:25-32.

3. Niederman MS, Craven DE. Guidelines for the
management of adults with hospital-acquired,
ventilator associated, and healthcare-associated
pneumonia. Am J Respiratory Crit Care Med.
2005;171:388-416.

4. Alp E, Voss A. Ventilator associated pneumonia
and infection control. Ann Clin Microbiol
Antimicrob. 2006;5:7.

5.  Edwards JR, Peterson KD, Andrus ML, Tolson JS,
Goulding JS, Dudeck MA, et al. NHSN Facilities

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

National Healthcare Safety Network (NHSN)
Report, data summary for 2006, issued June 2007.
Am J Infect Control. 2007;35:290-301.

Heyland DK, Cook DJ, Griffith L, Keenan SP,
Brun-Buisson C. The attributable morbidity and
mortality of ventilator associated pneumonia in the
critically ill patient The Canadian Critical Trials
Group. Am J Respir Crit Care Med. 1999;159:1249-
56.

Bigham MT, Amato R, Bondurrant P, Fridriksson J,
Krawczeski CD, Raake J, et al. Ventilator-
associated pneumonia in the pediatric intensive care
unit: characterizing the problem and implementing a
sustainable solution. J Pediat. 2009;154(4):582-7.
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.

Gupta A, Agrawal A, Mehrotra S, Singh A, Malik
S, Khanna A. Incidence. risk stratification,
antibiogram of pathogens isolated and clinical
outcome of ventilator associated pneumonia. Indian
J Crit Care Med. 2011;15:96-101.

Joseph NM, Sistla S, Dutta TK, Badhe AS, Parija
SC. Ventilator-associated pneumonia in a tertiary
care hospital in India: incidence and risk factors. J
Infect Dev Ctries. 2009;3:771-7.

Rello J, Diaz E. Pneumonia in the intensive care
unit Crit Care Med. 2003;31:2544-51.

Erbay RH, Yalcin AN, Zencir M, Serin S, Atalay H.
Costs and risk factors for ventilator-associated
pneumonia in a Turkish university hospital's
intensive care unit: a case-control study. BMC Pulm
Med. 2004;4:3.

Safdar N, Crnich CJ, Maki DG. The pathogenesis of
ventilator-associated pneumonia: its relevance to
developing effective strategies for prevention.
Respir Care. 2005;50:725-39.

CDC Guidelines for Diagnosis of nosocomial
Pneumonia April 2013 CDC/NHSN Protocol
Corrections, Clarification. and Additions January;
2013:17-29.

Baselski VS, el-Torky M, Coalson JJ, Griffin JP.
The standardization of criteria for processing and
interpreting laboratory specimens in patients with
suspected ventilator associated pneumonia. Chest 1
992;10(2):571S-9S.

Mackie TJ, McCartney JE. Practical medical
microbiology. 14th ed. New York: Churchill
Livingstone; 1996.

Koenig SM, Truwit JD. Ventilator-associated
pneumonia: diagnosis, treatment, and
prevention. Clin Microbiol Rev. 2006;19:637-57.
Porzecanski |, Bowton DL. Diagnosis and treatment
of  ventilator-associated  pneumonia.  Chest.
2006;130:597-604.

Wu CL, Yang DI, Wang NY, Kuo HT, Chen PZ.
Quantitative culture of endotracheal aspirates in the
diagnosis of ventilator-associated pneumonia in

International Journal of Contemporary Pediatrics | March-April 2019 | Vol 6 | Issue 2 Page 851



20.

21.

22,

23.

24,

Rathor M et al. Int J Contemp Pediatr. 2019 Mar;6(2):848-852

patients  with  treatment  failure. Chest.
2002;122:662-8.

Bird D, Zambuto A, O'Donnell C, Silva J, Korn C,
Burke R, et al. Adherence to ventilator-associated
pneumonia bundle and incidence of ventilator-
associated pneumonia in the surgical intensive care

unit. Arch Surg. 2010;145:465-70.

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

Kollef MH. What is ventilator-associated

pneumonia and why is it important? Respir Care.
2005;50:714-21.

Patra PK, Jayashree M, Singhi S, Ray P, Saxena
AK. Nosocomial pneumonia in a pediatric intensive
care unit. Indian Pediat. 2007;44(7):511.

Awasthi S, Tahazzul M, Ambast A, Govil YC, Jain
A. Longer duration of mechanical ventilation was
found to be associated with ventilator-associated

25.

26.

217.

pneumonia in children aged 1 month to 12 years in
India. J Clinical Epidemiol. 2013;66(1):62-6.
Sharma H, Singh D, Pooni P, Mohan U. A study of
profile of ventilator-associated pneumonia in
children in Punjab. J Trop Pediat. 2009;55(6):393-5.
Tullu MS, Deshmukh CT, Baveja SM. Bacterial
nosocomial pneumonia in Paediatric Intensive Care
Unit. J Postgrad Medicine. 2000;46(1):18.
Srinivasan R, Song Y, Wiener-Kronish J, Flori H.
A pilot study of biological markers of host defense.
In: Pediatric ventilator-associated pneumonia [Vap].
AJRCCM- Conference; 2009:179.

Cite this article as: Rathor M, Sharma N. Ventilator
associated pneumonia: incidence and risk factors in a
tertiary care hospital. Int J Contemp Pediatr

2019;6:848-52.

International Journal of Contemporary Pediatrics | March-April 2019 | Vol 6 | Issue 2  Page 852



