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Abstract

Background: Ventilator Associated Pneumonia (VAP) is the second leading cause of Healthcare
Associated Infection in the PICU. However, there are no specific criteria for diagnosing VAP in
pediatric patients. This study evaluates the sensitivity and specificity of CDC pediatric VAP definition
to adult Ventilator Associated Event (VAE) criteria in diagnosing VAP in pediatric patients, the risk
factors and common organisms causing VAP.
Methods: A retrospective study evaluated patients aged 1 month to 12 years admitted to the PICU
tertiary hospital Cipto Mangunkusumo from January 2019  to  June  2019, who   received   mechanical
ventilation for ≥ 2 days.
Results: From 103 patients, 18 (13.85%) and 9 (8.74%) patients developed VAP according to VAE and
CDC respectively. The specificity of VAE and CDC criteria reached 100% and 96.9% respectively with
45% and 22.5% in sensitivity. Logistic regression analysis found that duration of mechanical ventilator
>5 days (OR 7.519; 95% CI:2.26,25; P=0.001), re-intubation within 72 hours after extubation (OR
4.057; 95% CI:1.36,12.09; P=0.009), usage of vasoactive drugs (OR 4.364; 95% CI:0.94,20.27;
P=0.044) and proton pump inhibitor (OR 5.00; 95% CI:1.52,16.47; P=0.005) as the risk factors for
VAP. Pseudomonas aeruginosa, klebsiella pneumonia and acinetobacter are the most common
organisms found in the VAP group.
Conclusion: VAE has higher sensitivity and specificity compared to CDC’s new criteria to diagnose
VAP   in   pediatric  patients.   However,   the   new  CDC  criteria   have   high   specificity   and  will   help
physicians in limited facilities diagnose VAP in immunocompetent pediatric patients without the need
to conduct invasive examinations like BAL examinations.

Keywords: Healthcare associated infection, Mechanical ventilator, Pediatric critical care patients, Pediatric intensive
care unit, Ventilator associated event, Ventilator associated pneumonia.

Accepted on 09 September, 2022

Introductions
Ventilator Associated Pneumonia (VAP) is the second leading
disease that causes Healthcare Associated Infection (HAI) in
Pediatric Intensive Care Unit (PICU) and Neonatal Intensive
Care Unit (NICU) [1]. Centers for Disease Prevention and
Control (CDC) reported that in 2011, HAI incidence rates
reached 157.000 in United States' hospitals and VAP
contributed 39% from all those cases [2]. In Indonesia, ICU
RSUP Dr. Mohammad Hoesin Palembang, also reported that
from 106 patients who used mechanical ventilators within 2014
July to 2015 June, 41 patients (38.7%) developed VAP and the
mortality rate reached 63.4% [3]. This evidence supports the
theory that HAI will increase patients' mortality, morbidity, and
Length of Stay (LOS) in the hospital [4].

In 2010, Germany by the German interdisciplinary society for
intensive care medicine (DIVI) then set VAP incidence rates as
one of the indicators for assessment of patient safety quality
[5]. This decision stirred controversies and arguments because

there is no gold standard definition to diagnosing VAP in
adults, moreover in pediatric patients [4]. There are several
definitions and criteria to diagnose VAP, but none of those
criteria is specific for pediatric patients. As a result, there is a
probability that the reported cases of VAP are not an actual
image of cases in the field because the incidence of VAP is
very variable even in one hospital; depending on the criteria
they used [6].

DIVI revised indicators for assessment of patient safety in 2013
by removing incidence rates of VAP and set ventilator bundles;
which is a guideline to prevent or reduce VAP rates in ICU; as
one of the new indicators. Later, the indicator kept changing
and  since  2017,  ventilator  bundles have  been  extended,  and
"early weaning from mechanical ventilation" and "Prevention
of infection in intensive care unit" became the new indicator
for assessment of patient safety [7].

On the other  side,  the definition  of  VAP is  still  going  under
revision until now because physicians complained about the
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over diagnosis and under diagnoses VAP cases reported [1]. In
2019, CDC published a Ventilator Associated Event (VAE)
algorithm for diagnosing patients with Possible Ventilator
Associated Pneumonia (PVAP). However, in this algorithm,
they already stated that this algorithm is made for adult patients
only [8].

In the case of diagnosing VAP in pediatric patients, in the same
year, CDC also released a module for diagnosing VAP and
non-ventilator-associated Pneumonia (PNU) events for adult
and pediatric patients which undergo some revision in early
2021 [9]. Even though this module can help to diagnose VAP
in pediatric patients, still, this algorithm has the same
algorithm between diagnosing VAP and PNEU with the
condition of patient needed to be under a mechanical ventilator
for at least 2 calendar days to be called VAP instead of PNEU
[2].

Furthermore, the PNEU algorithm also specified the algorithm
between non-immuno compromised with immune
compromised patients and also can be used to diagnose even
patients with pulmonary diagnosis as an underlying disease.
On the other hand, this PNEU algorithm for non-immuno
compromised patients does not include laboratory testing like
the VAE algorithm to diagnose VAP. This might be beneficial
if the sensitivity and specificity can be as good as or even
better than the VAE algorithm, because BAL or sputum
examination that is necessary for the VAE algorithm is quite
expensive and invasive, or this could also be the downside for
this algorithm. Therefore, we collected the data of pediatric
patients in the PICU of Dr. Cipto Mangunkusumo general
hospital to compare the algorithm between VAE and PNEU to
diagnose them with VAP.

Methods

Data sources and patient population
This was a retrospective cohort study. After receiving approval
from Universitas Indonesia's institutional ethics committee
with reference number: KET-815/UN2.F1/ETIK/PPM.
00.02/2019, data of pediatric patients (1 month to 12 years old)
between January 2019 to June 2019 who entered PICU in Dr.
Cipto Mangunkusumo general hospital, Jakarta, Indonesia who
received a mechanical ventilator for a minimum of 2 calendar
days were collected. Data samples  from  patient demographics,
vital signs, diagnoses, medications, treatment plans, progress
notes, PELOD-2 score, time-stamped laboratory and imaging
results were obtained from Electronic Health Records (EHR)
and PICU internal database.

First, PICU documentation from January 2019 to June 2019
were reviewed to obtain data of pediatric patients aged 1 month
to 12 years old, who received mechanical ventilators for
greater or equal to 2 calendar days. Samples were classified
into patients with and without pulmonary diagnosis as an
underlying disease and immunocompromised or non-
immunocompromised group. For demographic variables and
analysis, additional data such as age, sex, primary diagnosis,
PELOD-II score, and daily progress of hospitalization,

radiology report, and laboratory results were taken from EHR.
In addition, we were also collected data to analyze the risk
factors of VAP, such as duration of mechanical ventilation,
reintubation conducted within 72 hours after extubation,
history of a genetic disorder or muscular disease, the use of
proton pump inhibitor, vasoactive drugs, and H-2 antagonist
and oral hygiene. Minimal sample size was calculated to assess
VAP incidence and a comparison between VAE and PNEU
algorithm to diagnose VAP and 95 samples were required. In
total, 108 samples were obtained, but only 103 samples were
included in the study because of a lack of data in some
samples. All methods were performed in accordance with the
relevant guidelines and regulations of the declaration of
Helsinki.

Outcome definitions
For the diagnosis of VAP, the CDC PNEU/VAP device-
associated module of  VAP definition was  taken.  This  module
uses a combination of imaging and clinical criteria for
identifying Pneumonia in pediatric patients who received
mechanical ventilation for greater or at least 2 calendar days on
the date of the event. For a group with non-
immunocompromised without pulmonary diagnosis as
underlying disease, children age older than 1 year old or 12
years and younger, at least one new-onset or progressive and
persistent imaging abnormality was found with three sign
symptoms of pneumonia and additional symptoms of
desaturation or increased oxygen requirement for 1-year-old or
younger patients.

In a group with non-immunocompromised patients with
pulmonary diagnosis as an underlying diagnosis, the difference
is in chest imaging test results which should show at least two
new-onset or progressive and persistent imaging abnormalities.
For the immunocompromised group, only one symptom of
pneumonia is needed, but identification for certain organisms
should be found in blood and/or sputum, endotracheal aspirate,
BAL, or protected specimen brush. In the end, samples that did
not go through sputum or BAL culture were assumed to be
negative in VAP.

Statistical model
All collected data were entered into an SPSS and were inserted
into both VAE and PNEU algorithms to get a two-by-two (2 ×
2) table. Thereafter, the chi-square test was used to compare
variables between patients with and without VAP which were
resulted in specificity, sensitivity, positive predictive value, and
negative predictive value of both tests. Univariate analysis was
done to assess the association of various categorical risk
factors with VAP with a P-value <0.1. The final results were
completed with an adjusted odds ratio (OR) with a 95%
confidence interval and P-value. All analyses were conducted
with SPSS version 25.0.
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Results

Demographics
From 108 pediatric patients admitted to Dr. Cipto
Mangunkusumo hospital PICU within January 2019 to June
2019 who use mechanical ventilation for 2 or greater than 2
days, 5 patients were excluded from the study because of lack
of data. From 103 patients, VAP was diagnosed in 18 (13.85%)
and 9 (8.74%) patients according to VAE and CDC
respectively.

Table 1 reports the sensitivity, specificity, and positive
likelihood ratio (LR) of VAE criteria compared to CDC criteria
in diagnosing pediatric patients with VAP. From 40 patients
who showed positive culture results in BAL and sputum, 18
patients met the criteria for VAE and 9 patients for CDC. VAE
still showed higher sensitivity and specificity compared to
CDC criteria in diagnosing VAP in pediatric patients. However,
both criteria were not sensitive enough in diagnosing VAP, but
they showed satisfactory specificity approaching 100% and
96.9% with VAE and CDC criteria respectively.

Diagnosis Sensitivity Specificity p Positive Likehood Ratio (95%
CI)

Probable VAP (VAE) 45 100 0.000 30.5 (6.55-142.1)

PNEU (CDC) 22.5 96.9 0.002 18 (2.181-148.54)

The main characteristics of patients included in the study are 
presented in Table 2. This table also showed that patients who 
developed VAP with criteria PVAP and PNEU have a longer 
median duration on mechanical ventilation (4 days compared 
to 9 days and 11.5 days), as well as prolonged the length of

 ICU stay (6 days compared to 13.5 and 12.5 days). Compared 
to all patients with a mechanical ventilator for 2 or greater than 
2 days who have a 30.1% mortality rate, VAP patients who 
were diagnosed with VAE and CDC also have higher mortality 
rates (61.1% and 70% respectively).

Patient Characteristic, n (%) All (n=103) Culture Positive*(n=40 ) PVAP Positive(n=18) PNEU Positive (n=10)

Sex

Male 57 (55.3) 21 (52.5) 9 (50) 5 (50)

Female 46 (44.7) 19 (47.5) 9 (50) 5 (50)

Age

1 m–1 yr 47 (45.6) 21 (52.5) 12 (66.7) 5 (50)

1–12 yr 56 (54.4) 19 (47.5) 6 (33.3) 5 (50)

Median age, month (IQR) 15 (5 – 56) 10.5 (4–44) 6 (4-33.75) 23.5 (3.5-100)

Type of case

Medical 62 (60.2) 32 (80) 14 (77.8) 5 (50)

Surgical 41 (39.8) 8 (20) 4 (22.2) 5 (50)

Duration of MV

2–4 days (early onset) 62 (60.2) 11 (27.5) 4 (22.2) 4 (40)

≥ 5 days (late onset) 41 (39.8) 29 (72.5) 14 (77.8) 6 (60)

Median duration of MV (IQR) 4 (2–8) 8 (4–18.5) 9 (5.25-21.25) 11.5 (3-25)

PELOD-2 Score

<10 98 (95.1) 37 (92.5) 17 (94.4) 9 (90)

≥ 10 5 (4.9) 3 (7.5) 1 (5.6) 1 (10)

Median Score PELOD-2 (IQR) 3 (3–5) 5 (3–7) 5 (4.48-7.5) 7.5 (5.25-9)

Patient developed sepsis 31(30.1) 19 (47.5) 12 (66.7) 4 (40)

Length of PICU stay, d 6 (4–13) 11.5 (7–25) 13.5 (8-25.25) 12.5 (4.75-25.5)

Mortality
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Home 72 (69.9) 22 (55) 7 (38.9) 3 (30)

Death before discharge 31 (30.1) 18 (45) 11 (61.1) 7 (70)

Risk factors
Table 3 displays the risk factors for pediatric patients who 
developed VAP with VAE criteria. Risk factors for VAP found 
in group with more than 5 days duration of mechanical 
ventilator, reintubation within 72 hours after extubation and 
group with vasoactive or proton pump inhibitor. Longer 
duration of mechanical ventilation will increase the risk of

patients developed VAP 7.519 times compared to shorter 
duration/early onset. (Adjusted odd ratio 7.519; 95% CI: 2.26, 
25; P=0.001), reintubation within 72 hours after extubation 
(adjusted odd ratio 4.057; 95% CI: 1.36, 12.09; P=0.009), 
usage of vasoactive drugs (adjusted odd ratio 4.364; 95% CI: 
0.94, 20.27; P=0.044) and proton pump inhibitor (adjusted odd 
ratio 5.00; 95% CI: 1.52, 16.47; P=0.005) as the risk factors for 
VAP.

Characteristic PVAP p OR (95%CI)

NO (n=85) YES (n=18)

Duration of mechanical ventilator

2-4 days (early onset) 58 (54.4) 4 (5.8) 0.001 7.519 (2.26-25)

≥ 5 days (late onset) 27 (24.3) 14 (15.5)

PELOD-2 score

< 10 81 (78.6) 17 (16.5) 0.879 1.191 (0.13-11.33)

≥ 10 4 (3.9) 1 (1)

Reintubation within 72 hours post extubation

No 71 (68.9) 10 (9.7) 0.009 4.057 (1.36-12.09)

Yes 14 (13.6) 8 (7.8)

Vasoactive drugs

No 30 (29.1) 2 (1.9) 0.044 4.364 (0.94-20.27)

Yes 55 (53.4) 16 (15.5)

Proton Pump Inhibitor

No 50 (48.5) 4 (3.9) 0.005 5.00 (1.52-16.47)

Yes 35 (34) 14 (13.6)

H2 antagonist

No 63 (61.2) 13 (12.6) 0.868 1.101 (0.35-3.44)

Yes 22 (21.4) 5 (4.9)

Hygiene oral

Yes 82 (79.6) 18 (17.5) 0.419 0.82 (0.75-0.90)

No 3 (2.9) 0 (0)

Immuno compromised

No 57 (55.3) 11 (10.7) 0.628 1.295 (0.45-3.70)

Yes 28 (27.2) 7 (6.8)

Muscle Disorder (GBS, SMA, etc.)

No 82 (79.6) 16 (15.5) 0.174 3.417 (0.53-22.12)
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Yes 3 (2.9) 2 (1.9)

Genetic Syndrome

No 68 (66.0) 15 (14.6) 0.745 0.80 (0.21-3.08)

Yes 17 (16.5) 3 (2.9)

Microorganism
Out of 57 patients with long duration of the mechanical 
ventilator and symptoms of pneumonia, BAL or sputum 
culture examination was conducted and 40 patients showed

positive results. The most number of microorganisms found 
were Pseudomonas aeruginosa, klebsiella Pneumonia followed 
by acinetobacter baumannii. BAL and sputum results showed 
in Table 4 and Figure 1.

Causative organism Frequency Percent

Staphylococcus aureus 2 3.6

Acinetobacter baumannii 9 16.4

Klebseilla pneumonia 11 20

Pseudomonas aeruginosa 14 25.5

Escherichia coli 5 9.1

Streptococcus alfahemolytic 1 1.8

Candida sp. 3 5.5

Enterobacter cloacane 2 3.6

Stenotrophomonas maltophilia 1 1.8

Klebseilla oxytoca 1 1.8

Enterobacter aerogenes 1 1.8

Acinetobacter sp. 5 9.1

Total 55 100

Table 4. Causative organisms and frequency found in positive culture patients.

Figure 1. Pie Chart of causative organisms and frequency.

Discussion
From 103 pediatric patients who were under a mechanical 
ventilator for 2 or greater than 2 days, 18 patients were 
diagnosed with VAP with VAE criteria, and 9 patients were

diagnosed with VAP with CDC criteria. Both criteria have high
specificity but poor sensitivity, similar to sensitivity and
specificity result in another study [10]. Several causes found to
be impacting this number, such as 2 cases of false-positive
found in pediatric patients with a genetic disease which
requires them to use long term mechanical ventilator through
tracheostomy and other several cases in patients with
pneumonia as an underlying disease and positive culture result
already found prior intubation.

Other false-positive cases were found in patients who gave
positive culture results on the day of intubation or less than 2
days post-intubation. On the other side, 1 false-negative case
found in CDC criteria was a patient who did not go through
sputum or BAL culture examination, so a negative result was
assumed for this case. The downfall for this study was the
retrospective study which increases the risk of incomplete or
missing data and the sample size relatively small.

The PVAP and PNU demographic patients were similar in
several characteristics, sex does not have any significant
difference in PVAP or PNU group, most samples who
developed VAP according to VAE and CDC also relatively had
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less than 10 in PELOD-2 score, with median PELOD-2 score
of 5 and 7.5 respectively. Patients who developed VAP also
had a significantly longer duration on a mechanical ventilator,
compared to all patients. As consequence, PVAP and PNU will
increase the average length of PICU stay of patients, 13.5 days
and 12.5 days respectively, compared to 6 days in all samples
group. This result is in line with several studies which stated
that VAP will increase the morbidity of patients [4,11-13].
Both samples who developed VAP according to VAE and CDC
criteria had a longer average duration on a mechanical
ventilator (9 days and 11.5 days), compared to 4 days in all
samples group.

The other purpose of this study was also to learn the risk factor
for VAP. Because VAE had higher sensitivity and specificity,
univariate analysis was conducted to assess the association of
various categorical risk factors with VAP according to VAE
criteria. Results were similar with another study, such as more
than 5 days duration on a mechanical ventilator (late-onset)
will increase the risk of VAP 7.519 times compared to 2 to 4
days duration on a mechanical ventilator (early-onset)
[11,13,14]. Other risk factors were reintubation within 72 hours
post-extubation which was increasing the risk to develop VAP
as much 4.057 higher. The use of vasoactive drugs and proton
pump inhibitors also increased the risk of VAP 4.364 and 5
times more than the sample group who did not receive
vasoactive and proton pump inhibitors [15,16]

VAP bundle was also well recognized to be implemented in
ICU and PICU to prevent VAP developed in admitted patients.
The use of H2 antagonist was one of the key elements in the
Adult VAP bundle, specifically as peptic ulcer prophylaxis
[17]. However, there are several studies varied between
supporting and contradicting the use of H2 antagonist as one of
the key elements of the VAP bundle in pediatric patients [18].
Therefore, the most recent study in 2018 which discussed the
five-element VAP prevention bundle did not include H2
antagonist as peptic ulcer prophylaxis and one of the key
elements in preventing VAP [19]. Our study was in line with
this study because the H2 antagonist did not give a significant
difference in reducing or increasing VAP.

Patients with genetic syndrome and neuromuscular disease are
prone to infection and exposure to the invasive device, as well
as longer duration of hospital length of stay compared to the
other group. For this reason, genetic syndrome and
neuromuscular disease groups were assumed as risk factors of
VAP [13]. However, the result of this study did not meet
significant differences for this group to be considered as risk
factors for a patient developing VAP. Trends of incidence and
risk factors of VAP were also found in the immunodeficiency
group in adult patients. In contrast, our study did not show any
significant difference for this factor presumed as one of the risk
factors of VAP. CDC’s new criteria for diagnosing VAP also
specifically designed criteria for the immunocompromised
group. This is one of the strengths of CDC criteria compared to
VAE criteria.

The most number of organisms found in positive culture
examination in the VAP group are klebsiella pneumonia and

pseudomonas aeruginosa, followed by acinetobacter
baumannii. One systematic review in 2021 compared 24
studies which were investigating the most common organism
found in VAP patients, and the result also showed gram-
negative organisms such as klebsiella pneumonia,
pseudomonas aeruginosa, and acinetobacter baumannii are the
leading cause of VAP. Those three organisms are the most
common organism found in hospital-related or nosocomial
infection, in line with VAP which is considered as the second-
leading disease that causes HAI.

Conclusion
We compared adult VAE criteria with new CDC criteria in
detecting VAP in pediatric patients. New CDC criteria have
more specific criteria for several age groups, specific criteria
for the immunocompromised group, and patients with
pneumonia as an underlying disease. Those specific criteria are
supposed to help to diagnose all pediatric patients, prevent
excluding some groups and get real number incidence of VAP.
The other strength of CDC criteria for the non-
immunocompromised group was no invasive examination
should be conducted to diagnose VAP, so physicians in rural
countries or limited facilities who could not conduct BAL
examination, can still diagnose VAP in pediatric patients and
treat them faster.

However, CDC still has poor and lower sensitivity compared to
adult VAE criteria. Reintubation within 72 hours, longer
duration of mechanical ventilation, the use of proton pump
inhibitor, and vasoactive drugs should be avoided if not
necessarily needed because those are risk factors for pediatric
patients developing VAP. A larger study with bigger samples is
needed to learn the specificity and sensitivity of the CDC
algorithm in diagnosing VAP in pediatric patients. Different
study settings, such as prospective studies could be considered
to reduce the risk of missing or invalid data. However, this
study could help physicians to understand that the negative
result of VAP in pediatric patients through the CDC algorithm,
does not exclude the possibility of VAP diagnosis.
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