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ABSTRACT

Objective: To identify risk factors of ventilator-associated pneumonia (VAP) in pediatric intensive care unit (PICU).
Methods: PubMed, Ovid, Web of Science, the Cochrane Library and references of retrieved articles were searched without
language limitation. Pooled odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using both the
Mantel-Haenszel fixed-effect and the DerSimonian-Laird random-effects models.

Results: Out of the 205 initially retrieved articles, 9 papers were included. All 4,564 patients were enrolled, including
213 patients with VAP and 4,351 patients without VAP. Among fourteen risk factors, six factors had statistical significances.
Risk factors of VAP and its value of OR were as follows: genetic syndrome (OR =2.04; 95% CI: 1.08-3.86), steroids (OR =1.87;
95% CI: 1.07-3.27), reintubation or self-extubation (OR =3.16; 95% CI: 2.10-4.74), bloodstream infection (OR =4.42; 95%
CI: 2.12-9.22), prior antibiotic therapy (OR =2.89; 95% CI: 1.41-5.94), bronchoscopy (OR =4.48; 95% CI: 2.31-8.71).
Conclusions: Special methods of preventions should be taken in the light of risk factors of VAP in PICU so as to decrease

the rate.
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Introduction

Ventilator-associated pneumonia (VAP) is defined as
nosocomial pneumonia developing 48 h or more after initiation
of mechanical ventilation. It is the most common hospital-
associated infection (HAI) in critically ill adult patients, and is
the second most common after bloodstream infection for the
pediatric population (1,2). VAP accounts for about 20% of all
HALI among patients in pediatric intensive care unit (PICU) and
has a rate of (2.9-21.6)/1,000 ventilator days (3,4). Furthermore,
some data suggested higher mortality rate for mechanically
ventilated pediatric patients with VAP compared with those
without VAP (5). Hospital costs and the length of ICU stay were
significantly increased for pediatric patients with VAP compared
with those without VAP (6).
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The epidemiology, pathogenesis, and outcome of VAP are
well described in adults, however, few data exist regarding VAP
in pediatric patients. Because of different anatomy, physiology
and underlying illnesses from adults, it is important to identify
specific prevention for this population in preventing VAP. To
date, there have been some researches about risk factors of VAP
in PICU, however, these results indicated that risk factors were
varied or contradictory. For example, Elward AM, et al. found
genetic syndrome, reintubation and transport out of the PICU
were independently predicted VAP (7), however, Almuneef M,
et al. indicated that only prior antibiotic therapy, continuous
enteral feeding, and bronchoscopy were independent predictors
of VAP (8). Another conclusion was not consistent between
Elward AM (7) and Roeleveld PP (9) by use of steroids.

In order to solve these uncertainties, we endeavored to
accumulate the related evidence and to make a systematic and

meta-analysis.

Materials and methods

Searching

A systematic literature search of the Cochrane Library, PubMed
[1966-2013], OVID [1993-2013] and Web of Science [1950-

2013] were conducted to identify relevant reports. Search
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Full-text articles screened
N=49

pneumonia research: n=48
Not research about PICU: n=21

Excluded: N=40
Not risk factors research: n=38
The outcome of research not meet
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Included articles
N=9
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Figure 1. Flow diagram of reviewed articles.

terms were risk factors AND (VAP OR ventilator associated
pneumonia OR VAP) AND (PICU OR PICUs OR PICU OR
intensive care unit for children OR intensive care unit for infant).
We also searched the references of the initially identified articles
by hand, including relevant review papers. We did not seek for
abstracts of conference proceedings. Language of publications
had no limitation. No restriction on the time was set. The query
was last updated on April 2013.

Selection

Two of us (Bo Liu and Song-qin Li) independently reviewed the
titles and abstracts of all relevant citations and then retrieved all
potentially relevant articles identified by either reviewer. Next, the
following selection criteria were applied to the full manuscripts
in duplicate and independently: (I) design: cohort study or case-
control study; (II) population: critical patients with mechanical
ventilation for 48 h or more; (III) location: PICU; and (IV)
outcomes: risk factors of VAP. We excluded studies as follows:
reviews, not VAP research, not risk factors research, not getting

available results. Disagreements were resolved by discussion.
Data extraction
The two reviewers (Bo Liu and Song-qin Li) independently

read the entire text of the retrieved reports and extracted the

following data: first author, year of publication, country, study

design, study population, and number of patients with or without
VAP included. In addition, we collected data on the association
between various risk factors and VAP.

Data analysis and statistical methods

Statistical analyses were performed using the Review Manager
(RevMan version 5.1.4; http: // www.ims.cochrane.org/revman/
download). To quantify the risk factors of VAP, we calculated
pooled odds ratios (ORs) and 95% confidence intervals (Cls) by
using the Mantel-Haenszel fixed-effect or the DerSimonian-Laird
random-effects models, and Z-statistic test for over effect was
done, P<0.05 was considered to be statistically significant. For all
analyses, the fixed-effect model was used only when there was no
heterogeneity between reports; otherwise, the random-effects
model was used. The heterogeneity between reports was assessed
by using the I*-statistic test, and I <50% means heterogeneity.

Selected studies

The selection process applied to identify relevant studies
included in the meta-analysis is showed by a flow diagram
(Figure 1). Through searching the Cochrane Library, PubMed,
OVID and Web of Science, 205 potentially relevant articles were

retrieved; 196 of them were excluded for the reasons detailed
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Table 1. The characteristics of the studies in the meta-analysis.

Netherlands
2012/ Pakistan

and a single center
Hamid MH Cross-sectional, observational

study and a single center

Gautam A 2012/Australia Prospective observational
study and a single center
AwasthiS  2013/India Prospective study and a single

center

Year of publication/ . . No. patients  No. patients
Authors Study design Study population . .
country with VAP without VAP
Elward AM  2002/USA Prospective cohort study and  Patients in pediatric intensive 30 595
a single center care unit
Almuneef M 2004/Saudi Arabia  Prospective cohort study and  Patients in pediatric intensive 37 324
a single center care unit
Bigham MT 2009/USA Prospective cohort study and  Children beyond newborn age in 42 2,804
a single center pediatric intensive care unit
SharmaH  2009/Maldives Prospective cohort study and  Patients aged | month to |5 years 8 32
a single center in pediatric intensive care unit
Tang CW 2009/ Taiwan Retrospective cohort study Patients after cardiac surgery in 13 87
and a single center pediatric intensive care unit
Roeleveld PP 201 I/The Retrospective cohort study Patients after cardiac surgery in I 114

pediatric intensive care unit
Children admitted to Medical 16 77

Intensive Care Unit

Children admitted to intensive 18 251
care unit
Children aged | month to 38 67

12 years in ventilator units

Table 2. The risk factors of the studies and quality evaluation in the meta-analysis.

Authors The risk factors

Quality evaluation (scores)

Elward AM [2002]

ABCDEFGH,IL

Almuneef M [2004] A B CEFI]J L
Bigham MT [2009] FB

Sharma H [2009] G,B

Tang CW [2009] A B

Roeleveld PP [201 1] A D HJMN

Hamid MH [2012] A

Gautam A [2012] A CD,EGHI,MN
Awasthi S [2013] E

8

O 0 0 O o N @

8

of the PICU.

A, sex; B, age; C, lung disease; D, genetic syndrome; E, reintubation or self-extubation; F, trachostomy; G, transfusion; H, steroids; I, H, blockers

or proton pump inhibitor; J, bloodstream infection; K, prior antibiotic therapy; L, bronchoscopy; M, cuffed endotracheal tube; N, transport out

in Figure 1. And we did not get any relevant paper by hand-
searched the references of the initially identified articles. Thus,
nine studies (7-15) were included in the present meta-analysis.

Characteristics of the included studies

In Table 1, we list the characteristics of nine studies. The time
of publication was from 2002 to 2013. Six of them were cohort
study and others were case-control study. Number of patients
with VAP was 213 and without VAP was 4,351.

Factors related to VAP in studies and quality evaluation

According to various risk factors including in these studies, we
chose 14 risk factors in this meta-analysis. These factors included
sex, age, lung disease, genetic syndrome, reintubation or self-
extubation, tracheostomy, transfusion, steroids, H, blockers or
proton pump inhibitor, bloodstream infection, prior antibiotic
therapy, cuffed endotracheal tube, transport out of the PICU
and bronchoscopy (shown in Table 2). And we made a quality
evaluation to every research by use of the Newcastle-Ottawa
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Table 3. The meta-analysis results of nine risk factors of VAP.
Combined VAP Without oo o8enely Models of
Risk factors chi-squared ) Pooled OR (95% Cl) Z P
researches group VAP group meta-analysis
P 12 (%)
Sex 6 125 1,448 0.87 0  Fixed effect model 0.98 (0.67-1.43) 0.10 092
Age 4 122 3,910 0.0001 85 Random effect model —10.55 (-37.40-16.29) 0.77  0.44
Lung disease 3 85 1,270 0.38 0  Fixed effect model 1.46 (0.80-2.66) 1.24  0.21
Genetic syndrome 3 59 960 0.52 0 Fixed effect model 2.04 (1.08-3.86) 220 0.03
Reintubation or 4 123 1,337 0.19 36 Fixed effect model 3.16 (2.10-4.74) 5.54 <0.00001
self-extubation
Tracheostomy 3 109 3,823 0.05 67 Random effect mode 2.07 (0.76-5.64) 142 0.16
Transfusion 3 56 886 0.06 65 Random effect mode 1.93 (0.62-5.95) .14 0.25
Steroids 3 59 960 0.39 0  Fixed effect model 1.87 (1.07-3.27) 2.18 0.03
H, blockers or proton 4 83 1,310 0.03 67 Random effect mode 0.11 (-0.06-0.29) 1.26 0.21
pump inhibitor
Bloodstream infection 2 47 846 0.17 48 Fixed effect model 4.42 (2.12-9.22) 3.96 <0.0001
Prior antibiotic therapy 2 48 438 0.83 0  Fixed effect model 2.89 (1.41-5.94) 2.89 0.004
Bronchoscopy 2 67 919 0.78 0  Fixed effect model 4.48 (2.31-8.71) 4.43 <0.00001
Cuffed endotracheal 2 29 365 0.13 56 Random effect mode 0.73 (0.16-3.39) 040 0.69
tube
Transport out of the 2 29 365 0.70 0 Fixed effect model 2.10(0.94-4.71) 1.80 0.07
PICU

Scale (NOS) (16). Results of quality evaluation shown most of
nine researches had high quality.

Results of Meta-analysis about risk factors

Sex of risk factors were studied in six researches; age, reintubation
or self-extubation and H, blockers or proton pump inhibitor
were studied in four researches; Other risk factors were studied
in less than three researches. I analysis for risk factors indicated
that there were no heterogeneity for sex, lung disease, genetic
syndrome, reintubation or self-extubation, steroids, bloodstream
infection, prior antibiotic therapy, bronchoscopy and transport
out of the PICU, so fixed effect model was used. However,
there were heterogeneity for age, tracheostomy, transfusion,
H, blockers or proton pump inhibitor and cuffed endotracheal
tube, so random effect model was used. By Z analysis, it was
shown that genetic syndrome, reintubation or self-extubation,
steroids, bloodstream infection, prior antibiotic therapy and
bronchoscopy were risk factors for VAP (shown in Table 3).
According to the meta-analysis results of these risk factors, forest
plots were made respectively (Figures 2,3,4,5,6,7).

Understanding the pathogenesis of VAP is important for

establishing the principles for therapy and strategies for
prevention (17). Bacteria from aerodigestive tract above the
vocal cords or stomach could be aspirated to the trachea or lung
which induces VAP. In general, a complex array of host defense
mechanisms protects the trachea and lungs from bacterial
infection (18). However, for critically ill patients especially
with mechanical ventilation, host defenses may be impaired
due to malnutrition, chronic diseases or immunosuppression.
One of the most important aspects of nosocomial infections
is prevention. Identification of risk factors and predictors is
imperative for the appropriate steps to prevent VAP.

Because of different physiology condition between children
and adults, so some researches focused on risk factors of VAP in
PICU. For adults, most risk factors of VAP included duration of
mechanical ventilation, exposure to antibiotics, prolonged ICU
stay, the presence of invasive devices, treatment with antacids
or histamine type 2 receptor blockers, and advanced age (19).
Despite the known consequences of VAP, unlike the situation for
adults, few studies have been conducted on the epidemiology,
associated risk factors, prevention, and outcomes of VAP in
children (6). Although a few researches studied risk factors
of VAP in PICU, the results were contradictory. So this meta-
analysis tried to solve the problem.

By selection, nine researches were included in this meta-analysis.

All in all, there were a lot of risk factors studied in these researches,
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Elward 2002 12 30 121 595 61.7% 2.61[1.22, 5.57] L
Gautam 2012 1 18 16 251 17.9% 0.86 [0.11, 6.91] "
Roeleveld 2011 2 11 16 114 20.4% 1.36 [0.27, 6.88] =
Total (95% CI) 59 960 100.0%  2.04 [1.08, 3.86] 2
Total events 15 153

e 2 - — .12=00 I } } |
?ettterfogeneltyl.I Cfr;l N 123_02c2‘0 li(_P0 0(?5.52), 2=0% 001 oA 1 10 100

est for overall effect: Z = 2.20 (P = 0.03) Favours experimental Favours control
Figure 2. The forest plot analysis of genetic syndrome.
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Almuneef 2004 20 37 106 324 41.8% 2.42[1.22,4.81] L
Awasthi 2013 18 38 20 67 31.9% 2.12[0.93, 4.82] Ll
Elward 2002 17 30 107 595 18.6% 5.96 [2.81, 12.65] -
Gautam 2012 5 18 19 251 7.7% 4.70[1.51, 14.57] "
Total (95% ClI) 123 1237 100.0% 3.16 [2.10, 4.74] <&
Total events 60 252

o Oz = - - |2 = 330 [ : : |
o S

est for overall effect: Z = 5.54 ( ’ ) Favours experimental Favours control

Figure 3. The forest plot analysis of reintubation or self-extubation.

Experimental

Study or Subgroup  Events  Total
Elward 2002 15 30
Gautam 2012 6 18
Roeleveld 2011 9 11
Total (95% CI) 59
Total events 30

Control
Events Total Weight
163 595 45.7%
71 251 37.0%
92 114 17.2%

960 100.0%
326

Heterogeneity: Chi? =1.88, df =2 (P = 0.39); 7= 0%
Test for overall effect: Z=2.18 (P = 0.03)

Odds Ratio Odds Ratio
M-H. Fixed. 95% CI M-H. Fixed. 95% Cl
2.65 [1.27, 5.54] ——
1.27 [0.46, 3.51]
1.08 [0.22, 5.34] —
1.87 [1.07, 3.27] N
001 0.1 1 10 100

Favours experimental

Favours control

Figure 4. The forest plot analysis of steroids.

Experimental

Study or Subgroup Events Total
20014F 10 30
2012An 1 17
Total (95% CI) 47
Total events 11

Control

Events Total Weight
46 595 67.3%
12 251 32.7%

846 100.0%
58

Heterogeneity: Chiz = 1.92,df =1 (P =0.17); 1= 48%
Test for overall effect: Z = 3.96 (P < 0.0001)

Odds Ratio

M-H. Fixed. 95% Cl

5.97 [2.64, 13.50]
1.24[0.15, 10.18]

4.42[2.12,9.22]

Odds Ratio
M-H, Fixed, 95% CI
<
0.01 0.1 1 10 100
Favours experimental Favours control

Figure S. The forest plot analysis of bloodstream infection.
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Experimental Control

Study or Subgroup

Heterogeneity: Chi? = 0.05, df =1 (P = 0.83); I? = 0%
Test for overall effect: Z = 2.89 (P = 0.004)

Events Total Events Total Weight

20044 12 37 47 324 93.1%
20114 1 11 3 114 6.9%
Total (95% Cl) 48 438 100.0%
Total events 13 50

Odds Ratio Odds Ratio
M-H. Fixed, 95% CI

M-H. Fixed: 95"% Cl
2.83[1.33,6.02]

3.70 [0.35, 38.95] -

>

2.89 [1.41, 5.94]

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 6. The forest plot analysis of prior antibiotic therapy.

Experimental Control

Study or Subgroup

Heterogeneity: Chi2 = 0.08, df =1 (P =0.78); 12 = 0%
Test for overall effect: Z = 4.43 (P < 0.00001)

Events Total Events Total Weight

Almuneef M 2004 6 37 12 324 37.9%
Elward AM 2002 8 30 48 595 62.1%
Total (95% Cl) 67 919 100.0%
Total events 14 60

Odds Ratio Odds Ratio
M-H. Fixed. 95% CI M-H. Fixed. 95% CI
5.03[1.77, 14.34] ——
4.14[1.75, 9.81] ——
4.48 [2.31, 8.71] o
001 0.1 1 10 100

Favours experimental Favours control

Figure 7. The forest plot analysis of bronchoscopy.

which belonged to intrinsic or extrinsic factors. And many factors
were only studied in one research. So it is necessary to reduce the
number of factors. Therefore, factors that were studied in at least
two researches were finally included in this meta-analysis. At last,
risk factors of sex, age, lung disease, genetic syndrome, reintubation
or self-extubation, tracheostomy, transfusion, steroids, H, blockers
or proton pump inhibitor, bloodstream infection, prior antibiotic
therapy, cuffed endotracheal tube, transport out of the PICU and
bronchoscopy were chosen. The results of meta-analysis indicated
that genetic syndrome, reintubation or self-extubation, steroids,
bloodstream infection, prior antibiotic therapy and bronchoscopy
were risk factors for VAP of patients in PICU.

The factors of steroids and prior antibiotic therapy were
similar between children and adults, which were both risk
factors for VAP. The results about genetic syndrome showed
that incidence of VAP for children with genetic syndrome was
2.04-fold than children without genetic syndrome. Genetic
syndrome as a intrinsic factor may be a marker for comorbid
conditions that might make a child more likely to be infection.
For example, children with genetic syndrome have a higher
PRISM score at admission, a greater number of exposure
to invasive devices, and a longer ICU stay with increased
opportunity for colonization and infection. Many children with
genetic syndromes are associated with neuromuscular weakness,
which may increase the risk of aspiration or tracheostomy (7).
The results indicated that reintubation or self-extubation might
be a risk factor for VAP. The most likely mechanism of this
is aspiration of oropharyngeal secretions or gastrointestinal

contents during the procedure. Aspiration appears to be

important in the pathogenesis of VAP, as demonstrated in
some studies (20,21). Patients in PICU had poor immunity
because of severe illness or kinds of invasive procedure and it
easily happened to be in immunodepression for them if steroids
were used. Interestingly, we found H, blockers or proton pump
inhibitor was not risk factors for VAP, which argued that acid
suppression may predispose to bacterial colonialization of the
upper gastrointestinal tract, thus increasing VAP risk (22). Other
risk factors such as the presence of invasive devices, elevating
the head of bed at 30-45° are important for adults, however, it
dose not fit patients in PICU. All in all, for patients in PICU,
reintubation or self-extubation, steroids, bloodstream infection,
prior antibiotic therapy and bronchoscopy could be preventive.

The diagnosis of VAP, however, is challenging and there
is no gold standard which may explain the differences in the
diverse studies concerning the occurrence of this event as well
as possible risk factors (23). The researches included in this
meta-analysis were published between 2002 and 2013, and from
developed or developing countries, so the diagnosis used are
not accordant. Therefore, the final VAP or not VAP groups in
researches might affect the real outcomes.

Although there have been some researches focusing on VAP
in PICU, especially on risk factors, most of them care too much
factors which are difficult to get definite conclusion by systematic
review. So some limitations exist in our meta-analysis, but this
paper might be the first try to analyze risk factors of VAP for
patients in PICU by meta-analysis. At present, little evidence is
available on VAP prevention in patients in PICU, and no official
guidelines have been published (24). More researches will be
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welcomed in the future, in order to provide more comprehensive
of epidemiology, risk factors and preventions for patients in PICU.

Conclusions

This paper focused on risk factors of VAP for patients in PICU by
making a meta-analysis and at last nine researches were included.
According to the results, genetic syndrome, reintubation or self-
extubation, steroids, bloodstream infection, prior antibiotic
therapy and bronchoscopy were regarded as risk factors for
VAP of patients in PICU. Special preventions should be taken
for these risk factors in order to decrease the incidence of VAP.
Meanwhile, further researches about risk factors and diagnosing
VAP in PICU might be needed in the future.
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