Original Article

Ventilator-Associated Pneumonia:
Incidence, Risk Factors and
Outcome in Paediatric Intensive Care

DOI: 10.7860/JCDR/2016/18570.7920

c
.2
=
9]
o]
n
[}
2
<
5
9
k]
9]
I
o

Units at Cairo University Hospital

YASMINE S. GALAL', MERAY RENE L. YOUSSEF?, SALLY K. IBRAHIEM?

ABSTRACT

Introduction: Ventilator-Associated Pneumonia (VAP) is a major
cause of hospital morbidity, mortality and increased health care
costs. Although the epidemiology, pathogenesis and outcome
of VAP are well described in adults; few data exist regarding
VAP in paediatric patients, especially in developing countries.

Aim: To determine the incidence, risk factors and outcome of
VAP in two Paediatric Intensive Care Units (PICUs) at Cairo
University Hospital.

Materials and Methods: A total of 427 patients who received
Mechanical Ventilation (MV) were included in this prospective
study during the period from September 2014 till September
2015. Patients were observed daily till VAP occurrence, discharge
from the unit or death, whichever came first. Demographic,
clinical characteristics, laboratory results, radiographic and
microbiological reports were recorded for all patients.

Results: Nearly 31% patients developed VAP among the entire
cohort. The incidence density was 21.3 per 1000 ventilator days.
The most frequently isolated organisms from VAP patients were
Pseudomonas aeruginosa (47.7%), Acinetobacter (18.2%) and

Methicillin-resistant Staphylococcus aureus (MRSA) (14.4%).
VAP patients were significantly younger than non-VAP ones. The
incidence of VAP in comatose patients and those with MOSF
was significantly higher. Prior antibiotic use for > 48 h before
MV, supine body positioning and reintubation were significantly
associated with VAP. On multiple logistic regression analysis,
MOSF; prior antibiotic use > 48h; reintubation; coma; and age
remained independent predictors of VAP. Mortality rate among
the VAP group was significantly higher compared to the non-
VAP one (68.2% vs. 48.5%), p<0.001). Survival curve analysis
showed a shorter median survival time in VAP patients.

Conclusion: Identification of risk factors and outcome of VAP
in PICUs may help in reducing the incidence and improving
patients’ outcomes. The incidence of VAP in this study was
relatively high. The most prominent risk factors for occurrence
of VAP were MOSF, prior antibiotic use for > 48 h before MV,
reintubation, coma and age. Proper use of antibiotics before
MV in PICUs is essential. Also, adequate training of nurses and
strict supervision of infection control protocols are crucial. Lack
of a gold standard for the diagnosis of VAP and difficulty in
sampling procedures were among the study limitations.
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INTRODUCTION

Ventilator-Associated Pneumonia (VAP) refers to nosocomial
pneumonia occurring 48 hours or more after initiation of
mechanical ventilation (MV) [1]. VAP is the most common Hospital-
Associated Infection (HAI) among adult patients in Intensive Care
Units (ICUs), with frequencies ranging from 15-45% [2]. Moreover,
it is the second most common HAI after blood stream infection in
the paediatric age group, accounting for about 20% of all HAIs in
the paediatric intensive care units (PICUs) and has a rate of 2.9-
21.6 per 1000 ventilator days [3]. VAP is associated with increased
hospital morbidity; mortality; duration of hospitalization by an
average of 7-9 days per patient; and health care costs [4-7].

The incidence rates of VAP are higher in developing countries
with limited resources [8]. In Egypt, a study of device-associated
infection rates in the PICUs in a number of hospitals has showed
that the overall rate of HAls was 24.5% and that of VAP was 31.8
per 1000 ventilator days [9].

The onset of VAP can be divided into: early which occurs 48
to 96h after intubation and late which occurs more than 96h
after intubation. Early and late VAP differ in their pathogenesis,
microorganisms responsible, antibiotic sensitivity, outcome
and treatment [10]. The pathogenesis of VAP involves bacterial
invasion of the pulmonary parenchyma in patients receiving MV.
Inoculation of the previously sterile lower respiratory tract results
from aspiration of secretions, colonization of the aerodigestive
tract, or use of contaminated equipment or medications [11].

The risk factors responsible for VAP occurrence can be classified
into: host related, device related and personnel related. Host
related factors include associated co-morbidities such as acute
respiratory distress syndrome, cardiovascular system diseases,
and central nervous system diseases; Multiple Organ System
Failure (MOSF); level of consciousness; patients' body positioning;
number of intubations; and medications including sedatives and
prior antibiotic administration [10]. Device-related factors include
the endotracheal tube, the ventilation circuit and the presence of
a nasogastric or an orogastric tube [12]. Personnel related factors
include improper hand hygiene and inadequate use of personal
protective equipment by the nursing staff, resulting in cross-
contamination between patients [13].

The epidemiology and outcomes of VAP in adults were addressed
in various studies [2,14,15]; However, fewer researches were
conducted among paediatric patients [6,7]. To the researchers'
best evidence, no published data has been found regarding VAP
in the PICUs at Cairo University Hospital.

AIM

Hence, this study aims to determine the incidence, risk factors and
outcome of VAP in the PICUs at Cairo University Hospital egypt.

MATERIALS AND METHODS

A hospital-based prospective cohort study was performed during
the period from September 2014 to September 2015 to detect
the incidence, causative organisms, risk factors, and outcomes
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of VAP. The study was conducted in two separate PICUs at
the Paediatric Hospital, Cairo University; one at the emergency
Department (included 24 beds and 24 ventilators) and the other at
the 4" floor (included 14 beds and 14 ventilators).

All paediatric patients admitted to the selected PICUs for MV and
fulfilling the inclusion criteria (n=427) were enrolled for the study.

Inclusion criteria: Intubation and MV for at least 48h and patients
older than one month-up to12 years.

Exclusion criteria: Neonates and pneumonia as admission
diagnosis or detected within the first 48 hours. Patients were
enrolled consecutively and were prospectively followed till VAP
diagnosis, death or discharge from the PICUs, whichever came
first. According to VAP occurrence, the study participants were
divided into VAP and non-VAP groups.

A data collection sheet was used to collect and record the following:
demographic data e.g., age and sex and clinical data including
date of ICU admission; cause of admission (medical or surgical);
associated co-morbidities; primary diagnosis (reason for initiation
of ventilation); Paediatric Risk of Mortality (PRISM) Ill score; level
of consciousness according to the Glasgow Coma Scale (GCS);
duration of MV, length of ICU stay; occurrence of VAP; the causative
organisms of VAP; duration of antibiotic use (<48h versus >48h
before MV); positioning of patients (supine or semi-recumbent);
reintubation; and the patients' outcome (discharge, improvement
or death). All cases were clinically examined (respiratory rate, color,
use of accessory muscles, and auscultation to detect presence of
rales) on admission and scored according to the GCS to detect
the level of consciousness [16].

Cases were kept on broad spectrum antibiotic therapy before MV
e.g. Tinam, Meropenam, Amikacin, Polymyxin, Ciprofloxacin and
Vancomycin. Routine investigations were done for all patients e.g.
Complete Blood Count (CBC), blood sugar, liver function tests,
kidney function tests, blood culture, arterial blood gases and
oxygen saturation. Baseline chest x-ray was done after intubation
of patients on MV. It was repeated on follow up of patients when
they developed signs of pneumonia. PRISM Il score was assessed
for all patients to detect the risk of mortality [17].

Symptoms and signs for patients under MV that raised suspicion
for VAP included: altered mental state with no recognized cause,
new onset of purulent secretions, change in sputum character,
new onset or worsening of cough, increased respiratory secretions
or suctioning requirements.

VAP was defined on the basis of clinical, radiologic and
microbiological criteria. VAP was considered if it happened
after 48 h of MV and was diagnosed based on the presence of
a new persistent infiltrate on chest radiograph and at least two
of the following: 1) fever of > 38°C; 2) leucopenia (< 4000 white
blood cells (WBC)/mm3) or leukocytosis (> 12,000 WBC/mm3);
3) purulent respiratory secretions; 4) worsening gas exchange
(PaO,/FiO, < 240) [18]. Early onset VAP: is that which occurred
within 96 h of intubation and MV, while late onset VAP is that
which occurred after 96 hour [10]. Microbiological workup was
done once VAP was clinically suspected, endotracheal aspirates
were performed; sputum was collected from patients from the
tip of a suction catheter inserted in the endotracheal tube and
transported in sterile tubes to the Clinical Pathology Department
at Cairo University for diagnosis. Cultures were done using Blood,
Chocolate and Mac-conkey agar systems, direct films were used
for microscopic examination with gram stain to detect gram
negative bacilli and gram positive cocci. VAP was established with
a positive quantitative culture {cut-off point > 108 (colony-forming
units (CFU)/mL)} [19].

VAP incidence was calculated as follows: (Number of cases
with VAP/Total number of patients who received MVx100) = VAP
rate per 100 patients.
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132/427x100= 30.9%

VAP incidence density was calculated as follows: (Number of
cases with VAP/Number of ventilator days) x 1000= VAP rate per
1000 ventilator days [20].

132/6197 x 1000= 21.3 per 1000 ventilator days.

Sepsis: Defined as suspected infection in the presence of two
or more Systematic Inflammatory Response Syndrome (SIRS)
criteria [21]. SIRS refers to a clinical response to a non-specific
insult, it entails 2 or more of the following: fever > 38°C or < 36°C,
heart rate > 90 beats per minute, respiratory rate >20 breaths per
minute, and abnormal WBC count (>12,000/mm? or < 4000/mm?)
[21]. MOSF: a progressive concurrent dysfunction of two or more
organ systems; it is a non-specific expression of critical illness and
a leading cause of death in critical care settings [21].

Approval of the study protocol was obtained from the Ethical
Committee at the Faculty of Medicine, Cairo University. Informed
consent was obtained directly from the legal guardian of each
patient (mother, father, or other caregiver) before enrolment
and after explaining the study objectives and importance. All
administrative permissions were obtained from the Chairman of
the PICUs where the study was conducted. All the procedures
for data collection were treated with confidentiality according to
Helsinki Declarations of biomedical ethics [22].

STATISTICAL ANALYSIS

Statistical analysis of the precoded data was done using the
Statistical Package for Social Science Program (SPSS, version 21).
The first part of the analysis examined the entire cohort of patients.
Data were summarized using the median and Interquartile Range
(IQR) for quantitative variables and frequency and percentage for
qualitative variables. Univariate analysis was used for comparing
variables for the outcome groups of interest (VAP versus no
VAP), and all tests of significance were two tailed. The Mann-
Whitney test was used for comparing quantitative variables,
while the x? statistic or Fisher-exact test was used for qualitative
variables. The primary data analysis compared patients with VAP
to those without VAP, and then the results of these tests were
confirmed with a multivariate logistic regression analysis using
a stepwise approach. The results of logistic regression analysis
were reported as Adjusted Odds Ratios (AORs) with their 95%
Confidence Intervals (Cls). Kaplan-Meier survival curve was done
to demonstrate the predicted hospital survival in patients with and
without VAP. All tests were considered statistically significant at a
p-value of <0.05.

RESULTS

A total of 427 paediatric patients meeting all the inclusion criteria
were enrolled for the current study. Among these, VAP developed
in 132 patients (30.9%). The median age of the studied group
was 8 months (IQR= 5-36). The total ICU mortality was 54.6%
[Table/Fig-1]. The most frequently encountered organisms from
endotracheal aspirate cultures were Pseudomonas (47.7%),
Acinetobacter (18.2%) and Methicillin-Resistant Staphylococcus
aureus (MRSA) (14.4%). The incidence density of VAP was 21.3
cases per 1000 ventilator-days.

Patients who developed VAP were significantly younger (median=6,
IQR=4-18) than those who didn’t (median=12, IQR=5-42),
p=0.013. A significantly higher percent of VAP patients presented
with coma and MOSF compared to non-VAP ones (37.9% vs.
22.4%, p=0.001) and (60.6% vs. 23.4%, p<0.001), respectively.
The VAP and non-VAP groups differed significantly regarding the
primary diagnosis [Table/Fig-2].

A significantly higher percent of patients with VAP had antibiotics
for more than 48 hour before MV (67.4% vs. 43.4%, p<0.001).
Among VAP patients, 33.3% were re-intubated compared to
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Variable Total (n=427) VAP p-value
Gender M/F n, (%) 235/192, (55/45) Yes (n=132) | No (n=295)
Age (months) median, (IQR) 8(5-36) Previous use of antibiotics > 48 h n, (%) 89 (67.4) 128 (43.4) <0.001
Cause of ICU admission medical/surgical n, (%) 400/27, (93.7/6.3) Supine position n, (%) 105 (79.5) 201 (68.1) 0.020
PRISM IIl on admission median, (IQR) 10(6-19) Reintubation n, (%) 44 (33.9) 59 (20) 0.005
Previous use of antibiotics > 48hrs n, (%) 217 (50.8) Weaning n, (%) 44 (33.3) 138 (46.8) 0.011
Primary diagnosis n, (%) [Table/Fig-3]: Comparison between patients with and without ventilator-associated

pneumonia regarding treatment related risk factors.
Cardiovascular 82(19.2) Data are expressed as number and %, Chi square test of significance was used for comparison
Neurologic 166 (38.9)
Respiratory 120 (28.1) VAP p- value
Sepsis 31 (7.9) Variable Yes (n=132) | No (n=295)
Neuromuscular 28 (6.6) Duration of MV median, (IQR) 8 (5-15) 12 (8-18) <0.001**
Complications of MVn, (%) 167 (39.1) LOS in ICU median, (IQR) 11(7-18.5) 17 (10-23) | <0.001*
VAP 132 (30.9) Mortality n, (%) 90 (68.2) 143 (48.5) <0.001*
Preumothorax 4106 F[)'La(gl:]l:]/()l::g—:lejlé ;Z;;]gp?'rjlzo;uﬁgxzén patients with and without ventilator-associated
Atelectasis 18,(4.2) \I?;rti:balées.expressed as number and % for qualitative variables and median with (IQR) for quantitative
Weaning n, (%) 182 (42.6) *Chi square with Fisher exact
*“*Mann-Whitney test

Reintubation n, (%) 103 (24.1)
Supine position n, (%) 306 (71.7) VAP onset
Coman, (%) 116 (27.2) Mortality Early (n=65) Late (n=67) p-value
MOSF n, (%) 149 (34.9) N % N %
ICU Mortality n, (%) 233 (54.6) Yes 38 58.5 52 77.6 0.025
Duration of MV (days) median, (IQR) 11(6-17) No 27 415 15 22.4
Length of ICU stay (days) median, (IQR) 16 (8 - 22) ]: Comparison between the onset of ventilator-associated pneumonia

[Table/Fig-1]: Characteristics of 427 mechanically ventilated patients at the
paediatric intensive care units, Cairo University Hospital.

Data are expressed as number and % for qualitative variables and median with interquartile range
(IQR) for quantitative variables.
MOSF: Multi-Organ System Failure

VAP p-value
Yes (n=132) | No (n=295)

Gender n, (%)
Male 58 (43.9) 177 (60) 0.002*
Female 74 (56.1) 118 (40)
Age (months) median, (IQR) 6 (4-18) 12 (5-42) 0.013*
Coma n, (%) 50 (37.9) 66 (22.4) 0.001*
MOSF n, (%) 80 (60.6) 69 (23.4) <0.001*
PRISM IIl on admission median, (IQR) 12 (6-24) 10 (6-15) 0.052**
Primary diagnosis n, (%)
CVs 37 (28) 45 (156.3) 0.003*
CNS 52 (39.4) 114 (38.6) 0.915*
Respiratory 25(18.9) 95 (32.2) 0.005*
Sepsis 15 (11.4) 16 (5.4) 0.042*
Neuromuscular 3(2.3) 25 (8.5) 0.019*
Cause of ICU admission n, (%)
Medical 121 (91.7) 279 (94.6) 0.284*
Surgical 11(8.3) 16 (5.4)

[Table/Fig-2]: Comparison between patients with and without ventilator-associated
pneumonia regarding demographic and clinical risk factors.

Data are expressed as number and % for qualitative variables and median with (IQR) for quantitative
variables.

*Chi square with Fisher exact

**Mann-Whitney test

20% among the non-VAP ones, p=0.005. Regarding positioning
of patients, 79.5% of the VAP group was in the supine position
compared to 68.1% of the non-VAP group, p=0.02 [Table/Fig-3].

The outcome of both study groups was shown in [Table/Fig-4].
The total duration of MV and that of ICU stay among patients
with VAP (median=8, IQR=5-15 and median=11, IQR=7-18.5,
respectively) was significantly shorter (p<0.001) compared to non-
VAP patients (median=12, IQR=8-18 and median=17, IQR=10-23,

and mortality.

respectively). Mortality rate among VAP patients was significantly
higher compared to non-VAP patients (68.2% vs. 48.5%, P<0.001).
[Table/Fig-5] shows that late onset VAP (>96 h) was significantly
associated with higher mortality rate (77.6% vs. 58.5%, P=0.025)
than early onset VAP (<96h).

A backward stepwise logistic regression model was conducted
to explore the significant predictors of VAP [Table/Fig-6]. Variables
entered on 1%t step were: gender, age in months, coma, MOSF,
CVS disorders and sepsis (as an indication for MV), previous
use of antibiotics > 48h, reintubation, and supine position. The
last step revealed that only MOSF (OR=4.619, 95% CI 2.903-
7.347, p<0.001), previous use of antibiotics > 48 h (OR=2.259,
95% Cl 1.412-3.616, p=0.001), re-intubation (OR=1.794, 95% CI
1.076-2.991, p=0.025), coma (OR=1.733, 95% CI 1.051-2.856,
p=0.031), and age in months (OR=0.990, 95% CIl 0.983-0.998,
p=0.013) were the significant predictors of VAP.

Kaplan-Meier survival analysis revealed that the median survival
time for VAP patients (12, 95% Cl 9.6-14.4) was significantly
shorter (log rank, p<0.001) compared to non-VAP patients (30,
95% CI 23.7-36.3) [Table/Fig-7].

[Table/Fig-8] showed normal chest X ray for patient on MV in its
1st two hours then he developed by lateral lung infiltration on day
three on MV.

DISCUSSION
Although MV is an essential component of modern ICU care, it is
associated with a considerable risk of VAP [23]. Proper recognition

Variables 95% ClI OR p-value
MOSF 2.903 - 7.347 4.619 <0.001
Previous use of antibiotics > 48hrs 1.412 - 3.616 2.259 0.001
Reintubation 1.076 - 2.991 1.794 0.025
Coma 1.051 - 2.856 1.733 0.031
Age in months 0.983 - 0.998 0.990 0.013

[Table/Fig-6]: Logistic regression analysis of risk factors associated with ventilator-

associated pneumonia among patients in the paediatric intensive care units.
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[Table/Fig-7]: Kaplan-Meier survival analysis of patients relative to ventilator-

associated pneumonia.

[Table/Fig-8]: Chest X Ray of patient on MV 1%t hour and after 3 days.

of high risk patients and of potential modifiable risk factors may
outline preventive measures and institutional strategies to reduce
the infection [2].

The incidence of VAP differs according to the studied population,
type of ICU and the country income level [24,25]. In this study,
the incidence of VAP was nearly 31%, which is relatively high
compared to other figures in the literature. However, a lower figure
was detected in another study conducted in Egypt to identify the
rate of device-associated infections, where the incidence of VAP
was 12.6% in the PICUs [9]. Thus, a considerable within-country
variation can also exist which could be attributed to variations in
VAP definitions, study methods, as well as the extent of application
of infection control programs for preventing nosocomial infections.
In a 30-month prospective study in a PICU in Saudi Arabia, the
VAP incidence was 10.3% [26]. Moreover, Patria et al., estimated
a VAP incidence of only 6.6% in the PICU at a University Hospital
in Milan, Italy [27].

The incidence density of VAP in this study was 21.3 cases per
1000 ventilator days. In another study conducted in Egypt, the
VAP rate in the PICUs was 31.8 per 1000 ventilator days [9]. In
contrast, lower rates were reported in a 1-year prospective study
in Australia, where the incidence density of VAP in a tertiary PICU
was 7.02 per 1000 ventilation days [28]. Moreover, O’Brien et al.,
in the United States found a mean VAP rate of 1.33 per 1000
ventilator days [29].

The results of sputum cultures in the current study revealed that
gram-negative bacteria were isolated from the majority of VAP
patients (75.7 %), with Pseudomonas aeruginosa and Acinetobacter
predominance, while Methicillin-Resistant Staphylococcus aureus
(MRSA) accounted for the majority of the gram-positive infections.
Similarly, in a study conducted in Taiwan to determine the risk
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factors of VAP after paediatric cardiac surgery, Pseudomonas
aeruginosa and MRSA were the most common pathogens isolated
from the endotracheal aspirate [3]. In a study conducted by Aelami
et al., publications addressing VAP in any inpatient paediatric
population were analyzed, it was found that Pseudomonas
aeruginosa, Acinetobacter and Enterobacteriaceae were the most
common causative agents of VAP [30].

In this study, coma and MOSF were among the patient-related risk
factors for development of VAP. Similarly, in a study conducted
in the United States, patients with VAP had a greater incidence
of coma (p=0.007) compared to those without [14]. Patients with
VAP had a higher PRISM Il score on admission compared to those
without VAP, but no significant difference was observed (p=0.052).
Roeleveld et al., found that VAP patients were more likely to have
an admission PRISM Il score of > 10 (p=0.033) [31].

In this study, there was a significant association between the
primary diagnosis of patients namely sepsis (p=0.042) and CVS
disorders including congenital heart diseases (p=0.003) and the
increased risk of VAP. However, in a study conducted in India,
the primary diagnosis of patients enrolled (septicaemia, cardiac,
neurologic and cancer) was similar in those who developed or did
not develop VAP [32].

Treatment with antibiotics may affect the ecology of colonization
by suppressing the normal flora and consequently increasing
the risk of acquiring a nosocomial infection that is more likely
to be drug-resistant [26]. Although prior antibiotic therapy has
been recognized as a risk factor for VAP in previous studies of
adults [33,34], it was rarely mentioned in studies of paediatric
patients [26,35]. In this study, antibiotic use for >48h before MV
was associated with a significantly higher risk of VAP (p<0.001).
Similarly, Almuneef et al., found that prior antibiotic therapy was
significantly associated with increased risk of VAP (p=0.005) [26].
In an effort to reduce the incidence of VAP in our PICU, rotation
and appropriate use of antibiotics will be considered.

Many studies highlighted the role of aspiration in the pathogenesis
of VAP [6,35]. Reintubation frequently implicates aspiration of
gastric or oropharyngeal contents that are contaminated with
colonizing flora. In the current study, reintubation was found to
be a risk factor of VAP (p=0.005). Similar findings were reported
by Srinivasan et al., Patria et al., and Chiru et al., [7,27,35]. In
contrast Elward et al., and Gautam et al., did not find a higher VAP
risk with reintubation [6,28].

Supine positioning may also facilitate aspiration leading to an
increased risk of VAP [36]. In the present study, patients in the
supine position had an increased risk of VAP compared to those
in the semi-recumbent position. Measures to prevent aspiration
in adults, including elevation of the head to 30°- 45°, continuous
subglottic suctioning and continuous lateral rotation of the bed
to improve drainage of lower airway secretions, are expected to
be effective in children too [4,26]. Smulders et al., concluded that
subglottic secretion drainage was associated with a relative risk
reduction of VAP [37].

Several studies have showed that prolonged duration of MV and
PICU stay were associated with increased VAP risk [3,32,35].
Surprisingly, in the current study, different findings were observed
where the duration of MV and the LOS in PICU were significantly
shorter in VAP patients compared to non-VAP ones. This finding
could be attributed to decreased median survival time in the
VAP group subjecting them to earlier mortality compared to the
non-VAP one as shown by the Kaplan-Meier survival analysis. In
contrast, Rello et al., stated that patients with and without VAP
had similar in-hospital survival as shown by Kaplan-Meier curves,
although the mortality rate was higher for patients without VAP
during the first 30 hospital days [14].
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In the present study, mortality rate inthe VAP group was significantly
higher compared to the non-VAP one. Similarly, patients with VAP
had a higher mortality rate (p=0.04) in a study conducted in a PICU
in Italy [27]. Ramya et al., and Alexis et al., also reported similar
results [38,39]. In contrast, Huang et al., found that mortality rates
of the VAP and non-VAP groups were similar in a PICU in Taiwan
[40]. In the current study, distinction between early and late onset
VAP was done in relation to the mortality rate, where patients with
late onset VAP had a significantly higher mortality rate (P=0.025)
than those with an early onset. However, differentiation between
the two types is also important with regards to the causative
organisms and thus the required treatment [14].

In the current study, significant variables on univariate analysis
(p<0.05) were entered in a multivariate logistic regression model;
only MOSF, prior antibiotic use >48h, reintubation, coma and
age in months remained significant. In study conducted in the
Netherlands, univariate analysis showed that risk factors for VAP
in paediatric patients after cardiac surgery were: a PRISM score
of > 10 on admission, receiving fresh frozen plasma transfusions
and a longer aortic cross-clamp time [31]. Only a PRISM score
of >10 remained significant after a multiple logistic regression
analysis. In another study conducted in Saudi Arabia, significant
variables for VAP after multiple logistic regressions were only prior
antibiotic therapy, continuous enteral feeding and bronchoscopy
[26]. Chiru et al., found previous use of one or more antibiotics,
antifungal drugs and reintubation to be positively associated with
the development of VAP in children after a multivariate analysis
[35].

LIMITATIONS

Among the study limitations, there was the lack of a gold standard
for diagnosis, which may have limited the accuracy of the
correlation with the risk factors and outcomes. Also, there was
a difficulty in sampling procedures to obtain the microbiological
specimens from the small respiratory tract of children. Invasive
techniques to differentiate between infection and colonization
such as Broncho Alveolar Lavage (BAL) could not be used as they
were not practical and could be harmful in small infants.

CONCLUSION

The incidence of VAP in this study was relatively high which
necessitates the need for possible improvements in the PICUs.
The most prominent risk factors for VAP occurrence were MOSF,
prior antibiotic use for >48h before MV, reintubation, coma
and age. Late onset VAP was associated with poor prognosis.
Awareness about the different risk factors will help in reducing VAP
morbidity and mortality. Therefore, we recommend proper use of
antibiotics before MV in PICUs to avoid the development of drug-
resistant pathogens. Also, adequate training of nurses and strict
supervision of infection control protocols are crucial. Measures
to prevent aspiration resulting from reintubation are needed e.g.
continuous subglottic suctioning. Further studies are warranted to
evaluate the effect of these interventions in reducing VAP incidence
in children.

ACKNOWLEDGMENTS

The authors are thankful to the Chairman of the PICUs and Clinical
Pathology Departments at Cairo University Hospitals for conducting
this study. The authors also thank all the nursing staff in the PICUs
who helped the researchers during the data collection process.
The research team also thanks all the patient's relatives.

REFERENCES
[1]1 LiuB, LiSQ, Zhang SM, Xu P, Zhang X, Zhang YH, et al. Risk factors of ventilator-
associated pneumonia in a paediatric intensive care unit: a systematic review
and meta-analysis. J Thorac Dis. 2013; 5(4):525-31. Doi: 10.3978/j.issn.2072-
1439.2013.08.31.

[2]

[3]

[41

[8]

[6]

[7]

(8]

[9]

[10]

[11]

M2]
3]

[14]

[15]

[16]

[7]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

www.jcdr.net

Jaimes F, De La Rosa G, Gomez E, Munera P, Ramirez J, Castrillon S. Incidence
and risk factors for ventilator-associated pneumonia in a developing country:
where is the difference? Resp Med. 2007;101(4):762-67. Doi: 10.1016/j.
rmed.2006.08. 008.

Tang CW, Liu PY, Huang YF, Pan JY, Lee SS, Hsieh KS, et al. Ventilator-
associated pneumonia after paediatric cardiac surgery in southern Taiwan. J
Microbiol Immunol Infect. 2009;42(5):413-19.

Urrea M, Pons M, Serra M, Latorre C, Palomeque A. Prospective incidence study
of nosocomial infections in a paediatric intensive care unit. Paediatr Infect Dis J.
2003;22:490-93.

Stover BH, Shulman ST, Bratcher DF, Brady MT, Levine GL, Jarvis WR.
Nosocomial infection rates in US children’s hospitals’ neonatal and paediatric
intensive care units. Am J Infect Control. 2001;29:152-57.

Elward AM, Warren DK, Fraser VJ. Ventilator-associated pneumonia in
paediatric intensive care unit patients: risk factors and outcome. Paediatrics.
2002;109:758-64.

Srinivasan R, Asselin J, Gildengorin G, Wiener-Kronish J, Flori HR. A
prospective study of ventilator-associated pneumonia in children. Paediatrics.
2009;123(4):1108-15. Doi: 10.1542/peds.2008-1211.

Raza MW, Kazi BM, Mustafa M, Gould FK. Developing countries have their own
characteristic problems with infection control. J Hosp Infect. 2004;57(4):294-
99.

Rasslan O, Seliem ZS, Ghazi IA, Abd El Sabour M, El Kholy AA, Sadeq FM.
Device-associated infection rates in adult and paediatric intensive care units
of hospitals in Egypt. International Nosocomial Infection Control Consortium
(INICC) findings. J Infect Public Health. 2012;5(6):394-402. Doi: 10.1016/j.
jiph.2012.07.002.

Fathy A, Abdelhafeez R, El-Gilany A, AbdElhafez SA. Analysis of ventilator
associated pneumonaia (VAP) studies in Egyptian University Hospitals. Egypt J
Chest Dis Tuberc. 2013;62(1):17-25. Doi: 10.1016/j.ejcdt.2013.04.008.
Abdel-Gawad TA, El-Hodhod MA, lbrahim HM, Michael YW. Gastroesophageal
reflux in mechanically ventilated paediatric patients and its relation to ventilator-
associated pneumonia. Crit Care. 2009;13:R164. Doi: 10.1186/cc8134.

Ferrer R, Artigas A. Clinical review: Non-antibiotic strategies for preventing
ventilator-associated pneumonia. Crit Care. 2001;6(1):45-51.

Kollef MH. Prevention of hospital-associated pneumonia and ventilator-
associated pneumonia. Crit Care Med. 2004;32:1396-405.

Rello J, Ollendorf DA, Oster G, Vera-Llonch M, Bellm L, Redman R, et al.
Epidemiology and outcomes of Ventilator-associated pneumonia in a large US
database. Chest. 2002;122: 2115-21.

Mokhless NA, EI-Mofty MF, Hanafi NF, Fayed AM, Asser SL. Atypical bacteria in
ventilator associated pneumonia; an Egyptian university hospital experience. J
Am Sci. 2010;6(12):1074-79.

Fischer M, Ruegg S, Czaplinski A, Strohmeier M, LehmannA, Tschan F, et al.
Inter-rater reliability of the full outline of Unresponsiveness score and the Glasgow
Coma Scale in critically ill patients: a prospective observational study. Crit Care.
2010;14:R64.

Ponce-Pone De Leon AL, Romero-Gutierrez G, Valenzuela CA, Gonzalez Bravo
FE. Simplified PRISM Il score and outcome in the paediatric intensive care unit.
Paediatr Int. 2005;47(1):80-83. Doi: 1111/j.1442-200x.2004.01997 .x.

Calandra T, Cohen J. International Sepsis Forum Definition of Infection in
the ICU Consensus Conference. The international sepsis forum consensus
conference on definitions of infection in the intensive care unit. Crit Care Med.
2005;33(7):1538-48.

Rocha Lde A, Vilela CA, Cezario RC, Aimeida AB, GontijoFilho P. Ventilator-
associated pneumonia in an adult clinical-surgical intensive care unit of a Brazilian
university hospital: Incidence, risk factors, etiology, and antibiotic resistance. Braz
J Infect Dis. 2008;12(1):80-85. Doi: 10.1590/S1413-86702008000/00017.
Khattab AA, El-Lahony DM, Fathy W. Ventilator associated pneumonia in a
neonatal intensive care unit. J Am Sci. 2013;9(11):251-58.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Kanus WA, et al. Definitions
for sepsis and organ failure and guidelines for the use of innovative therapies
in sepsis. The ACCP/SCCM Consensus Conference Committee. American
College of chest physicians/ Society of Critical Care Medicine, 1992. Chest.
2009;136:28.

Carlson VR, Boyd KM, Webb DJ. The revision of the Declaration of Helsinki:
past, present and future. Br J Clin Pharmacol. 2004;57(6). Doi: 10.1111/j.1365-
2125.2004.02103.x.

Arora SC, Mudaliar YM, Lee C, Mitchell D, Iredell J, Lazarus R. Non-bronchoscopic
broncho alveolar lavage in the microbiological diagnosis of pneumonia in mechanically
ventilated patients. Anaesth Intensive Care Med. 2002;30(1):11-20.

Epps B, Edwards JR, Sohn AH, Horan TC, Gaynes RP. Improving benchmarks
for surveillance by defining types of paediatric intensive care units. Am J Infect
Control. 2002;30:68-70.

Rosenthal VD, Jarvis WR, Jamulitrat S, Silva CP, Ramachandran B, Duenas L, et
al. Socioeconomic impact on device-associated infections in paediatric intensive
care units of 16 limited-resource countries: international Nosocomial Infection
Control Consortium findings. PaediatrCrit Care Med. 2012;13:339-406.
Almuneef M, Memish ZA, Balkhy HH, Alalem H, Abutaleb A. Ventilator-associated
pneumonia in a paediatric intensive care unit in Saudi Arabia: a 30-month
prospective surveillance. Infect Control Hosp Epidemiol. 2004;25(9):753-58. Doi:
10.1086/502472.

Patria MF, Chidini G, Ughi L, Montani C, Prandi E, Galeone C, et al. Ventilator-
associated pneumonia in an Italian paediatric intensive care unit: a prospective
study. World J Paediiatr. 2013;9(4):365-68. Doi: 10.1007/s12519-013-0444-y.

Journal of Clinical and Diagnostic Research. 2016 Jun, Vol-10(6): SC06-SC11



www.jcdr.net

[28]

[29]

[30]

[31]

[32]

[33]

Gautam A, Ganu SS, Tegg OJ, Andresen DN, Wilkins BH, Schell DN. Ventilator-
associated pneumonia in a tertiary paediatric intensive care unit: a 1-year
prospective observational study. Crit Care Resusc. 2012;14(4):283-89.

O’Brien JE, lovanna D, Dumas HM, Burke S, Maher A, Ladenheim B. Ventilator-
associated pneumonia and paediatric post-acute care. J Clin Outcomes Manage.
2013;20(6):256-62.

Aelami MH, Lotfi M, Zingg W. Ventilator-associated pneumoniain neonates, infants
and children. Antimicrob Resist Infect Control. 2014;3:30. Doi: 10.1186/2047-
2994-3-30.

Roeleveld PP, Guijt D, Kuijper EJ, Hazekamp MG, de Wilde RBP, de Jonge
E. Ventilator-associated pneumonia in children after cardiac surgery in the
Netherlands. Intensive Care Med. 2011;37:1656-63. Doi: 10.1007/s00134-011-
2349-43.

Awasthi S, Tahazzul M, Ambast A, Govil YC, Jain A. Longer duration of mechanical
ventilation was found to be associated with ventilator-associated pneumonia in
children aged 1 month to 12 years in India. J Clin Epidemiol. 2013;66(1):62-66.
Doi: 10.1016/. jclinepi.2012.06.006.

Bauer TT, Ferrer R, Angrill J, Schultze-Werninghaus G, Torres A. Ventilator-
associated pneumonia: incidence, risk factors, and microbiology. Semin Respir
Infect. 2000;15:272-79.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Yasmine S. Galal et al., Ventilator-associated Pneumonia in Pediatric Intensive Care Units

Bonten MJ, Weinstein RA. Infection control in intensive care units and prevention
of ventilator-associated pneumonia. Semin Respir Infect. 2000;15:327-35.
Chiru D, Craciun A, Tepeneu NF, Sipos C, Bizerea T, Grecu A, et al. Incidence,
risk factors, and nosocomial germs for ventilator-associated pneumonia in
children. Jurnalul Paediatrului. 2013;16(64):3-6.

Bonten MJ, Kollef MH, Hall JB. Risk factors for ventilator-associated pneumonia:
from epidemiology to patient management. Clin Infect Dis. 2004;38(8):1141-49.
Doi: 10.1086/383039.

Smulders K, van der HH, Weers-Pothoff |, Vandenbroucke-Grauls C. A
randomized clinical trial of intermittent subglottic secretion drainage in patients
receiving mechanical ventilation. Chest. 2002;121:858-62.

Ramya S, Jeanette A, Ginny G, Wiener-Kronish J, Flori HR. A prospective study
of ventilator-associated pneumonia in children. Paediatrics. 2009;123:1108-15.
Alexis ME, David KW, Victoria JF. Ventilator-associated pneumonia in
paediatric intensive care unit patients: risk factors and outcomes. Paediatrics.
2002;109:758-64.

Huang WY, Lee MS, Lee CH, Tsao LY, Chiu HY. Risk factors and outcomes of
ventilator-associated pneumonia in children without pneumonia on admission. J
Paediatr Resp Dis. 2012;8:78-84.

PARTICULARS OF CONTRIBUTORS:

1. Faculty of Medicine, Departments of Public Health and Community Medicine, Cairo University, Egypt.

2. Faculty of Medicine, Departments of Pediatrics, Cairo University, Egypt.
3. Faculty of Medicine, Departments of Pediatrics, Cairo University, Egypt.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Meray Rene Labib. Youssef,
Faculty of Medicine, Departments of Pediatrics, Cairo University, Egypt.
E-mail: anargislabib@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2016 Jun, Vol-10(6): SC06-SC11

Date of Submission: Dec 31, 2015
Date of Peer Review: Jan 14, 2016
Date of Acceptance: Feb 05, 2016

Date of Publishing: Jun 01, 2016



