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Abstract

Objectives To study the incidence, etiology and risk factors associated with ventilator associated pneumonia (VAP) in children.
Methods This prospective cohort study was conducted on patients admitted to the Pediatric Intensive Care Unit (PICU) of a
tertiary care institute of North India, from June 2012 through March 2014, who received mechanical ventilation for more than
24 h. All enrolled children were assessed daily for development of ventilator associated pneumonia (VAP) using the case
definition given by Centers for Disease Control and Prevention (CDC). Chest radiograph and microbiologic samplings were
performed in children suspected to have VAP. Risk factors associated with VAP were calculated by doing bivariate and multi-
variate analysis.

Results A total of 128 patients were screened and 86 were enrolled (median age 30 mo 95% CI 4.0-84.0; 72% boys). The most
common admitting diagnosis was sepsis (16%) followed by acyanotic congenital heart disease with pneumonia (14%) and the most
common indication for ventilation was respiratory failure (45.3%). The incidence of VAP according to CDC criteria was 38.4%, while
the incidence of microbiologically confirmed VAP was 24.4%. The incidence of ventilator associated tracheobronchitis (VAT) was
found to be 11.6%. Acinetobacter was the most frequently isolated organism (47%) followed by Pseudomonas (28%), Klebsiella
(15%), E. coli (5%) and Enterobacter (5%). Risk factors for VAP on bivariate analysis were use of proton pump inhibitor (PPI) (p =
0.027, OR 5.2, 95% CI 1.1-24.3), enteral feeding (» < 0.001, OR 6.5, 95% CI 2.1-19.4) and re-intubation (p = 0.024, OR 3.3 and 95%
CI 1.1-9.6). On multivariate analysis, use of PPI (»p =0.03, OR 8.47, 95% CI 1.19-60.33) and enteral feeding (p <0.001, OR 12.2,
95% CI 2.58-57.78) were identified as independent risk factors for VAP.

Conclusions Ventilator associated pneumonia is an important complication in children receiving mechanical ventilation in PICU and
Gram negative bacilli (Acinetobacter and Pseudomonas) being the important causative agents. Ventilator associated tracheobronchitis
is an emerging entity; recognition and treatment of same might prevent the development of VAP.
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Introduction in aseptic techniques, antibiotic therapy, and supportive care,

VAP continues to be a major cause of morbidity and mortality
Ventilator associated pneumonia (VAP) is one of the major ~ of ICU patients. The incidence continues to be high in spite of
causes of hospital acquired infections. Despite improvements  improved understanding of the risk factors of VAP. There is no
consensus on the preventive strategies akin to adults, in form
of bundle approach in children. In 2004, the National
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vary somewhat from those in adults. Inoculation of the for-
merly sterile lower respiratory tract typically occurs from as-
piration of secretions, colonization of the acro-digestive tract,
use of contaminated equipment, medications, presence of a
genetic syndrome, re-intubation, enteral feeding, transport
out of the pediatric intensive care unit (PICU) and duration
of mechanical ventilation [7]. Common etiological agents
causing VAP are Pseudomonas spp., Staphylococcus aureus,
and various Gram negative bacilli. The proportion of these
organisms varies between the PICUs [6, §].

The authors conducted a prospective cohort study in the pe-
diatric ICU of their tertiary care hospital, to determine the inci-
dence, evaluate the risk factors, and to document the etiological
agents of VAP in mechanically ventilated children.

Material and Methods

The study was carried out in the Pediatric Intensive Care Unit of
a tertiary care hospital in Northern India. The PICU is an 8-
bedded unit admitting more than 300 children in a year. It is
staffed by two consultants, 3 senior residents and 3 junior resi-
dents. The nurse to patient ratio is 1:1 to 1:2. The ventilators used
in the unit include Drager Evita 4, Maquet Servo I and Viasys
Avea. The unit uses heated wire humidifiers with reusable cir-
cuits. The circuits and humidifier are subjected to chemical dis-
infection. The circuits are changed every 72 h or earlier if there is
soiling of circuits with secretions.

The study protocol was approved by the Ethics committee of
the institute. All patients admitted from June 2012 through
March 2014 were enrolled unless they met any one of the fol-
lowing exclusion criteria: children with <24 h of PICU stay,
mechanically ventilated in emergency room or ward >12 h, me-
chanically ventilated for more than 12 h before shifting from
other hospital and refusal of consent by parents/ care givers.

Children were enrolled after obtaining written informed con-
sent from parents/legal guardians. A detailed history and exam-
ination were recorded, including demographic data (age at the
time of intubation, gender and admission diagnosis); potential
risk factors of VAP; use of medications (inhaled bronchodilators,
proton-pump inhibitors, infusions or doses of benzodiazepines,
infusions or doses of neuromuscular blocking agents; nutrition
method (total parenteral nutrition, gastric feeds via nasogastric
tube or gastric tube); route of mechanical ventilation
(nasotracheal, orotracheal, or tracheostomy); procedures (need
for re-intubation); laboratory data: maximum white cell count,
lowest PaO, from arterial source; chest radiograph data: devel-
opment of new infiltrate, consolidation or cavity; and culture
data: results of blood and non bronchoscopic bronchoalveolar
lavage (BAL). All patients were followed for development of
ventilator associated pneumonia until the time of transfer, or
death. Diagnosis of VAP was based on criteria given by
Centers for Disease Control and Prevention (CDC) [9].

Enrolled patients were monitored daily for parameters such as
heart rate, respiratory rate, temperature, presence of crepitations
on auscultation, character of airway secretion and PaO,/ FiO,
ratio. If participants satisfied two or more criteria for the diagno-
sis of VAP, they were subjected to investigations such as total and
differential leukocyte count, chest x-ray, tracheal aspirate and
non-bronchoscopic bronchoalveolar lavage. Tracheal aspirate
and non-bronchoscopic BAL samples were sent to
Bacteriology laboratory of the institute for culture. Culture re-
ports along with antibiotic sensitivity pattern of the isolates were
obtained. Non-bronchoscopic BAL were subjected to semi-
quantitative culture and culture reports with >10* colony forming
units/ mL were considered significant [9]. A diagnosis of VAP
was made if there was presence of radiological changes (new
infiltrates/ consolidation/ cavity) along with a positive non-
bronchoscopic BAL semi-quantitative culture report. Cases with
a positive non-bronchoscopic BAL semi-quantitative culture on-
ly in the absence of radiological changes of VAP were diagnosed
to have ventilator associated tracheobronchitis (VAT). Simplified
Clinical Pulmonary Infection Score (CPIS) (Table 1) was com-
puted daily for the enrolled patients. This consisted of compo-
nents such as temperature, blood leukocyte count, tracheal secre-
tions, PaO,/ FiO, ratio and chest radiograph findings.

Existing literature suggests an incidence of VAP in India be-
tween 17 and 30%. To estimate an incidence (P) of 25%, with
precision (D) of 10% and 95% confidence, sample size of 72 was
needed {n=(1.96)° X P (1-PyD* (P=0.25; D=0.10)}.

Incidence of VAP was calculated by the total episodes of
VAP divided by the total number of mechanically ventilated
children.

Etiological agents were calculated as simple frequen-
cy of individual agents in VAP. Statistical package Stata

Table 1 Simplified clinical pulmonary infection score

Component Value Points

>36.5 and <38.4
>38.5 and <38.9
>39.0 and <36.0
>4000 and < 11,000
<4000 or> 11,000
Tracheal Secretions Few

Moderate

Temperature °C

Blood Leukocytes per mm®

N — O = O N = O

Large

+

Purulent

>240 or presence of ARDS
<240 and absence of ARDS
No infiltrate

Patchy or diffuse infiltrate
Localized infiltrate

Oxygenation PaO,/FiO,, mmHg

Chest Radiograph

No= O N O

ARDS Acute respiratory distress syndrome
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11.0 (StataCorp, College Station, TX, USA) was used
for statistical analysis.

For identification of risk factors, all children enrolled in the
study were divided into two groups — those with VAP and
those without VAP. For each of the categorical variable, a
2 x 2 table was generated to compare the occurrence of that
variable in each of the two groups. Chi-square test was applied
for each of these 2 x 2 tables to compute the p-value and risk
estimate was done by calculating the odds ratio and 95% CI.
Using bivariate analysis, variables were compared between
VAP and non-VAP group. Variable found to be significant
on bivariate analysis were subjected to multivariate analysis.
To calculate optimal cut-off values for CPIS scores for iden-
tification of VAP, receiver operator characteristic (ROC) curve
was constructed. Most appropriate cut-off for clinical VAP
and microbiologic VAP were derived.

Results

One hundred and twenty eight children were screened for
inclusion. Among them 31 patients were excluded as they
met the exclusion criteria and parents of 11 refused consent.
Therefore, a total of 86 children were enrolled. Among these
62 (72%) were boys with a median (IQR) age of 30 mo (4-84
mo) and median weight and height were 9.5 kg and 79 cm,
respectively. Diagnosis at the time of enrolment included sep-
sis, acyanotic congenial heart disease, nephrotic syndrome,
acute febrile encephalopathy, Guillain Barré syndrome, lower
respiratory tract infection (LRTI) and dengue in decreasing
frequency (Table 2). Indications for need for mechanical ven-
tilation included: respiratory failure as judged by clinical and/
or arterial blood gas analysis, poor sensorium as judged by
Glasgow coma scale, shock, maintenance of a stable airway or
cardiorespiratory arrest (Table 3). Median duration of illness at
the time of enrolment in study was 4 d.

Among 86 enrolled patients 33 (38.4%) developed ventila-
tor associated pneumonia according to CDC criteria; 21
(24.4%) were microbiologically confirmed. Hence, the inci-
dence of ventilator associated pneumonia was 38.4% according
to CDC clinical criteria and 24.4% were microbiologically con-
firmed. Occurrence of VAP episodes using the CDC criteria
was 41 episodes per 1000 ventilator days, while that of micro-
biologically confirmed episodes was 27 episodes per 1000 ven-
tilator days. Average time to develop VAP was 10.5 d.

Non-bronchoscopic BAL yielded various bacterial etiolo-
gies, among which Acinetobacter was the most common (10/
21) 47% followed by Pseudomonas (6/21) 28% and
Klebsiella was positive in 3 cases (14%). One case each was
positive for Enterobacter and E. coli. Notably, none of the
isolates were gram-positive bacteria. Among the bacteria iso-
lated, Acinetobacter was uniformly sensitive to Colistin with
four isolates being sensitive exclusively to Colistin and
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Table 2  Diagnosis at the time of enrolment (n = 86)
Diagnosis Number (%)
Sepsis 14 (16)
Acyanotic congenital heart disease 12 (14)
Nephrotic syndrome 7(8.1)
Acute febrile encephalopathy 5(5.8)
Acute liver failure 5(5.8)
Hemolytic uremic syndrome 5(5.8)
Guillain Barré syndrome 4 (4.6)
Lower respiratory tract infection 4 (4.6)
Acute gastroenteritis 4 (4.6)
Dengue 334
Apparent life threatening events 3(3.4)
HIV encephalopathy 2(2.3)
Distal renal tubular acidosis 2(2.3)
Persistent pulmonary hypertension 2(2.3)
West syndrome 2(2.3)
Others* 12 (13.9)

*One case (1.2%) each of Malaria, Megaloblastic anemia, Neuro-enteric
cyst, Chronic kidney disease, Acid ingestion, Hypertensive encephalop-
athy, Diabetic ketoacidosis, Inborn error of metabolism, Necrotizing en-
terocolitis, Snake bite, Acute lymphoblastic leukemia, Congenital rubella
syndrome

HIV Human immunodeficiency virus

Tigecycline. Other isolated organisms were fairly sensitive
to most of the common antibiotics.

Risk factors of VAP identified by bivariate analysis were
the use of proton pump inhibitor (PPI) [In the group who
developed VAP, 19 (90.4%) received PPIs while of those
who did not develop VAP, 42 (64.6%) received PPI], enteral
feeding and change of endo-tracheal tube (p <0.05). Other
risk factors which were analyzed but found to be not signifi-
cant included, age (p =0.16), gender (p = 0.93), head end ele-
vation (p = 0.87), sedation (p = 0.38), neuromuscular blocking
agent (p=1.0) and use of aerosol (p =0.08) (Table 4). The
authors did not find relation between day of feeding and de-
velopment of VAP. On multivariate analysis, use of PPI (p =
0.03) and enteral feeding (p < 0.01) were found to be statisti-
cally significant (Table 5).

Table 3 Indications for

ventilation (n = 86) Indication for ventilation =~ Number (%)
Respiratory failure 39 (45.3)
Poor sensorium 22 (25.6)
Shock 10 (11.6)
Cardio-respiratory arrest 9 (10.5)
Airway protection 6 (7)
Total 86
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Table 4 Risk factors for

microbiologically confirmed Factors VAP group Non-VAP P value Odds ratio 95% Cl

VAP: bi-variate analysis N=21 N=65
Age in months; mean + SD 32.24+36.07 50.52+48.16 0.16 0.99 097-1.0
Boys 15 (71.4%) 47 (72.3%) 0.93 1.0 0.3-3.1
Use of PPI 19 (90.4%) 42 (64.6%) 0.027 52 1.1-24.3
Enteral feeding 15 (71.4%) 18 (27.7%) <0.001 6.5 2.1-19.4
Head end elevation 13 (61.9%) 39 (60%) 0.87 1.08 0.3-2.9
Sedation 18 (85.7%) 49 (75.3%) 0.38 1.9 0.5-7.5
Use of NMBA 3 (14.2%) 8 (12.3%) 1.0 1.1 0.2-4.9
Endotracheal tube change 9 (42%) 12 (18%) 0.024 33 1.1-9.6
Use of aerosol 5(23.8%) 6(9.2%) 0.082 3.0 0.8-11.3

VAP Ventilator associated pneumonia; PP/ Proton pump inhibitor; NMBA Neuromuscular blocking agents

Ten (11.62%) out of 86 patients fulfilled the CDC criteria
for VAT. Endo-tracheal aspirate was negative in all of them.
Four of these patients progressed to ventilator associated
pneumonia (3 CDC criteria positive VAP and 1 microbiolog-
ically proven VAP).

Simplified CPIS scoring was calculated and ROC curve was
constructed for both group of VAP patients, who were diagnosed
using CDC criteria and those microbiologically confirmed.

When CDC criteria were used to diagnose VAP, score of >4
was obtained as the cut-off with sensitivity of 88.89% and
specificity of 84.38%. The positive likelihood ratio was 5.6
and the negative likelihood ratio was 0.13. The area under the
curve was 0.95 which is graded excellent (Fig. S1). For diag-
nosis of microbiologically confirmed VAP, CPIS of >5 was
obtained as the cut-off with sensitivity of 70.0% and specific-
ity of 72.73%. The positive Likelihood Ratio was 2.5 and the
negative Likelihood Ratio was 0.4. The area under the curve
was 0.80 which is graded good (Fig. S2).

While assessing for outcome, 35.9% of patients in non-
VAP group expired but VAP group (CDC criteria) had a mor-
tality of 42.4%. Most common cause of death was septic
shock with multi-organ dysfunction. Remaining all patients
recovered.

Discussion

In this prospective cohort study, 86 mechanically ventilated
children admitted in a PICU of a single center were analyzed,
to determine the incidence of VAP, to evaluate the associated
risk factors, and to document the etiological agents for the
same. The incidence of ventilator associated pneumonia was
found to be 38.3% by CDC criteria while 24.4% were micro-
biologically confirmed VAP. The most common organism iso-
lated was Acinetobacter. Independent risk factors were found
to be enteral feeding and use of proton pump inhibitor.
Simplified Clinical Pulmonary Infection Score of >4 had a
good sensitivity and specificity for diagnosis of CDC defined

VAP. Incidence of ventilator associated tracheobronchitis
(VAT) was found to be 11.6%.

Studies documenting VAP in children are few, and inci-
dence varies according to geographic regions. Incidence rate
reported from developed countries has been in the range of
15—17% [2-5], while in developing countries it is 25-35% [7].
Srinivasan et al. from Boston had reported an incidence of
32% using CDC defined VAP in pediatric patients [10].
Elward et al. in their study from Missouri revealed a VAP rate
of 11.6 episodes per 1000 ventilator days [2]. While, the pres-
ent study has documented incidence rate to be 41 episodes per
1000 ventilator days. This is probably due to differences in the
patient profile, nutritional status and resource availability. The
present study results are similar to another Indian study done
by Awasthi et al. where the incidence of VAP was reported to
be 36.2% [11]. The inclusion criteria and the definition used in
this study were the same as in present study. Comparison of
incidence from various studies should be done with caution,
taking into account the profile of patients being studied and
also the criteria used for diagnosis. High incidence of VAP has
been reported for many a decades and it remains almost the
same. Study by Gupta et al. from Delhi, India, showed a de-
crease of VAP incidence from 20.2 to 14.6 episodes per 1000
ventilator days after an educational intervention [12].

In the present study, the incidence of Ventilator associated
tracheobronchitis (VAT) was estimated to be 11.62%. This was
based on CDC definition of clinical and radiological features.
Endotracheal aspirate (ETA) was negative for organisms in all
those suspected of VAT. The European Respiratory Society,
European Society of Clinical Microbiology and Infectious
Diseases, and European Society of Intensive Care Medicine

Table 5 Risk factors for development of VAP: multi-variate analysis
Factors P value Odds ratio 95% C1

Use of PPI 0.03 8.47 (1.19-60.33)
Enteral feeding 0.0001 12.22 (2.58-57.78)
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taskforce suggest a positive culture of respiratory secretions as a
mandatory item in the diagnosis of VAT. Though CDC definition
for VAT requires only one of the clinical criteria to be fulfilled,
the documentation of 11.62% was done in the presence of puru-
lent secretion as a mandatory criteria to avoid confusions in case
of ETA being sterile. Hence, this clinical definition could well be
adopted for VAT though ETA positivity is useful for making
decision about treating VAT. Craven et al. reported the incidence
of VAT to be 11% in adults [13], though they used microbiolog-
ical confirmation to be mandatory in the diagnosis of ventilator
associated tracheobronchitis. Simpson et al. reported a much
lower (3.4%) incidence of VAT in a mixed medical surgical
PICU [14].

Non-bronchoscopic bronchoalveolar lavage with quantita-
tive culture was used as the diagnostic modality for microbi-
ological documentation in the index study. According to
Centers for Disease Control and Prevention (CDC) criteria,
endotracheal aspirate (ETA) is used in the diagnosis of both
ventilator associated pneumonia and ventilator associated
tracheobronchitis. Either semi-quantitative culture showing
moderate to heavy growth or a quantitative culture showing
>10° cfu/ml is taken to be positive. CDC has also stated that in
the diagnosis of VAT, bronchoalveolar lavage is usually not
used or is <10* cfu/ml. In the present study, authors used
bronchoalveolar lavage for VAP and endotracheal aspirate
(ETA) for ventilator associated tracheobronchitis (VAT) [9].

The most common organisms responsible for VAP in the
present study were gram negative bacilli. Other studies have
also reported gram-negative bacteria as the most frequent iso-
lates (42—65%) [15, 16]. A review of all the available studies
has shown Acinetobacter to be emerging pathogen in Asian
countries including India [17]. This is in accordance to the
findings in the present study.

Independent risk factors identified in present study were use
of PPI and enteral feeding. Various studies have shown varying
results of male and female predisposition for the same. But this
could probably be due to the difference in the rates of admission
and enrolment. Study by Patria et al. had shown similar results
with enteral feeding and re-intubation as independent risk factors
for VAP [16]. Children enroled in present study received proton
pump inhibitor — pantoprazole as the stress ulcer prophylaxis
during their PICU stay. This clinically correlates to the possibility
of micro-aspiration in an alkaline environment leading to VAP.
Gopalareddy et al. used ETA for the presence of pepsin and have
shown that 70% of mechanically ventilated children are prone for
gastric aspiration [18]. The risk of VAP was greatly increased in
patients who underwent re-intubation. A similar high incidence
of VAP was found to be associated with re-intubation in other
studies as well [19]. Possible explanations could be increase in
duration of ventilation and aspiration of gastric contents during
the interval between extubation and re-intubation. This under-
lines the importance of proper weaning protocols in the preven-
tion of VAP and the associated mortality.

Simplified Clinical Pulmonary Infection Score (CPIS) has
been found to be fairly sensitive and specific in the bedside
diagnosis of VAP. The present study revealed a score of >4 to
have a good value for diagnosing VAP based on CDC criteria
and a score of >5 for microbiologically confirmed VAP.
Sachdev et al. found a value of 8 to be sensitive and specific
and they used microbiological positivity as the gold standard
[20], but no other pediatric studies have validated the same.
The greater difference in the cut-off value between the study
by Sachdev et al. and present study could be explained by the
fact that their study included children with a CPIS score of
more than 6. In the present study CPIS was not used for in-
clusion of children and so lower values were expected.

Conclusions

Some limitations were noted and must be acknowledged in
this study. The number of study subjects was less, thereby
limiting power of the analysis. Despite these limitations, the
present study conducted upon a robust methodology, reveals a
high incidence of VAP in children and simultaneously dis-
closes the commonest etiological organisms and risk factors
for VAP. This can possibly lead the way for implementation of
improved ways of prevention and treatment of VAP in chil-
dren in similar settings.
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