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Abstract  

Background:  Ventilator Associated Pneumonia (VAP) is  
defined as pneumonia occurring more than 48 hours after  
child is intubated and ventilated mechanically; VAP is the  
second most common hospital-acquired infection in pediatric  
Intensive Care Units, which linked to increased morbidity,  
mortality, lengths of stay in the hospital and intensive care  
unit with high costs.  

Aim of Study:  The current study aimed to explore the risk  
factors of VAP among infants in Intensive Care Units.  

Subjects and Methods:  A descriptive exploratory design  
was used to achieve the current study.  

Setting:  The current study conducted at Pediatric Intensive  
Care Units at Pediatric University Hospital and Specialized  
Pediatric Hospital which affiliated to Cairo University Hos-
pitals.  

Sample: A convenience sample of 54 mechanically ven-
tilated infants for more than 48 hours enrolled in the study.  

Tools:  The required data was collected by using risk  
factors assessment sheet and standardized observational  
checklists which consist of three parts: General infection  
control measures, nasogastric tube feeding and endotracheal  
tube suctioning.  

Results:  The current study results revealed that, more  
than half of infants were less than 6 months of age, nearly  

two-thirds are males, and near to three quarters of infants  
developed VAP. Prior antibiotic use, sedatives administration,  
absence of routine oral care, previous non-invasive ventilation,  

reintubation, length of stay on mechanical ventilation and  
PICUs, coma, inadequate general infection control measures,  
inadequate endotracheal tube suctioning technique, supine  

position, inadequate nasogastric tube feeding technique,  
presence of nasogastric tube and oral route of endotracheal  
tube were statistically significant risk factors associated with  

VAP. More than half of VAP infants died during period of  

hospitalization.  

Correspondence to:  Dr. Fatma E. Dagher,  
The Department of Pediatric Nursing, Faculty of Nursing,  
Cairo University, Egypt  

Conclusion:  Prior antibiotic use was the only independent  
risk factor for incidence of VAP; and sedatives administration,  
absence of routine oral care, previous non-invasive ventilation,  

reintubation, length of stay on mechanical ventilation and  
PICUs were the major risk factors of VAP among infants in  
pediatric Intensive Care Units.  

Recommendations:  Inservice training program should be  
conducted for pediatric intensive care nurses about prevention  
of VAP among infants. Also, similar studies should be con-
ducted on large sample and different settings.  

Key Words:  Pediatric intensive care unit – Mechanical ven-
tilation – ventilator-associated pneumonia – Risk  
factors – Infants.  

Introduction  

INTENSIVE  Care Units (ICUs) have the highest  
incidence of infections because of multiple risk  

factors, including frequent invasive procedures,  
use of medical devices, and prolonged exposure  
to multi-drug resistant organisms [1] . The percent-
age of pediatric patients requiring Mechanical  
Ventilation (MV) and hospitalized in ICU varies  
between 30% and 64%; MV is a life-support ther-
apy aimed at maintaining adequate alveolar venti-
lation and effective gas exchange in critically ill  
patients [2] . One of the most commonly associated  
encountered hospital acquired infections in respi-
ratory Intensive Care Unit is Ventilator Associated  
Pneumonia (VAP) and it is associated with signif-
icant morbidity, mortality and high costs, VAP is  
defined as nosocomial pneumonia occurring after  
48 hours from intubation and mechanical ventilation  
[3] . In the same context, VAP defined as a respira-
tory infection caused by micro-aspiration of organ-
isms, 48 hours after going under mechanical ven-
tilation [4] .  
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Ventilator associated pneumonia is the second  
most common nosocomial infection in Pediatric  

Intensive Care Units (PICUs) accounting for 20%  

of all nosocomial infections in the pediatric popu-
lation; the incidence of VAP varies worldwide,  

ranging from 1.7 to 8.9 per 1000 ventilator days  

[5] . VAP is a marked health risk for hospitalized  
infants and children. It is one of the top causes of  

hospital-acquired infections in PICUs, accounting  

for 18% to 26% of all hospital-acquired infections  

in the Intensive Care Units [6] . In Egypt, the inci-
dence of VAP ranged from 16% to 75%, with the  

lowest ratio in Alexandria University Hospital and  
the highest one in Ain Shams University Hospital,  
while the incidence in Mansoura University Hos-
pital was 22.6% [7] . Moreover, [8]  reported that, in  
2011, an estimated 157,000 healthcare-associated  
pneumonias occurred in acute care hospitals in  

USA; 39% of these pneumonias were VAP. In the  
same context, pneumonia is the single largest  

infectious cause of death in children worldwide  

[9].  

Ventilator associated pneumonia is divided into  
early onset VAP and late onset VAP; early onset  
VAP is defined as pneumonia that occurs within 4  
days of intubation and this is usually due to anti-
biotic sensitive pathogens, whereas late onset VAP  

is more likely caused by multidrug resistant bacteria  
and develops after five or more days of intubation  

[10].The duration of mechanical ventilation influ-
ences the type of causative organism and late onset  
VAP is caused by multi-drug resistant bacteria and  

the ones which are more difficult to treat [11] .  

Infants are at greater risk than older children  

for development of respiratory infections because  

of their immature immune system, smaller upper  
and lower airways, and under developed supporting  
cartilage [12] . Risk factors for pediatric VAP are  

prolonged mechanical ventilation, immunodeficien-
cy, steroids, reintubation, primary blood stream  

infection, altered mental status, severe traumatic  

brain injury, burn injury, sedatives administration,  
and congenital neuromuscular weakness [13] . In  
the same context, [14]  found that, prolonged venti-
lation and repeated intubations are the major risk  

factors for development of VAP.  

In an Egyptian study conducted in the PICUs  

of Pediatric University Hospital, reported that  

supine position, neurological and neuromuscular  
diseases, prolonged duration of ventilation were  

independent risk factors for VAP, the overall mor-
tality was 46.15%, VAP mortality rate patients was  

higher 83.3% than non-VAP patients 35.1%, the  

overall mean ventilation duration was 10.89 days  
and the overall mean length of stay was 12.77 days  
and recommend for additional studies estimating  
risk factors and outcome of VAP are needed in  
wide sample scale [15] .  

The prevention of VAP is primarily the respon-
sibility of the bedside nurse whose knowledge,  
beliefs, and practices influence the health outcome  
of ICUs children. Critical care nurses play an  
important role in identification of risk factors and  

prevention of VAP. In Egypt; where there is short-
age of nursing staff, skilled and knowledgeable  
nurses are extremely important and needed to make  
appropriate decisions in children care and minimize  

risks to children. Knowledge on evidence based  
practices should bring confidence to intensive care  
nurses to make appropriate decisions and prevent  
poor outcomes in the recovery of mechanically  
ventilated patients [16] .  

Subjects and Methods  

Research question:  What are the risk factors  

of VAP among infants in Intensive Care Units?  

Research design:  A descriptive exploratory  
design was utilized in the current study.  

Setting:  The proposed study was conducted at  
two hospitals which affiliated to Cairo University  

Hospitals:  
1- Pediatric University Hospital where PICU  

is situated in the seventh floor that consists of two  
parts; the first part contains 13 beds for different  

diagnoses (3 beds for isolated cases, 3 resuscitation  

beds for young infants and another 7 beds for older  

children), and the second part contains 5 beds also  

for different diagnoses (3 resuscitation beds and  

2 beds for older children) and this unit contains  
25 mechanical ventilators.  

2- Specialized Pediatric Hospital where there  
were three PICUs; the first one in the fourth floor  

consists of 14 beds for medical and surgical diag-
noses (3 resuscitation beds for young infants and  
another 11 beds for older children) and this unit  
have 27 mechanical ventilators; the second one in  
the six floor which consists of two parts, the first  

part contains 7 beds for medical and surgical diag-
noses for older children and the second part contains  

4 resuscitation beds for young infants and another  

2 beds for older children, as well as this unit have  
16 mechanical ventilators, the last one was the  

emergency unit in the first floor which consists of  
17 beds (7 resuscitation beds for young infant, and  
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10 beds for older children) which receives different  
medical and surgical diagnoses and contains 29  

mechanical ventilators.  

Sample:  A convenience sample of 54 infants  
on mechanical ventilation who were eligible for  
the following inclusion criteria; infants intubated  

for more than 48 hours, infants having the following  

criteria were excluded; infants already having  

pneumonia at the time of admission, infants who  
developed pneumonia in the first 48 hours of me-
chanical ventilation and infants connected with  

tracheostomy for mechanical ventilation. The data  
collection conducted over duration of six months  

from October 2016 to April  2017.  

Data collection tools:  

The required data was collected through the  

following tools;  

Tool 1:  

Risk factors assessment sheet was developed  
by the research investigator in English language  

after extensive review of related recent literature;  

it was consisted of two parts, part 1: To assess  

infant personal data and medical history, part 2:  

To assess factors affecting development of venti-
lator associated pneumonia.  

• Part (1):  

- Personal data sheet for infant:  It involved age,  
gender, residence, date of admission at hospital,  

date of admission at pEdiatric Intensive Care  

Unit, and referred from where.  

- Medical history:  It involved temperature, white  
blood cells result, chest X-ray result, and clinical  

respiratory signs and symptoms (new onset of  
purulent sputum or change in character of sputum,  

or increased respiratory secretions or increased  

suctioning requirements and worsening gas ex-
change).  

• Part  (H):  

Risk factors assessment questionnaire; that was  

covered:  
- Infants related factors:  It involved previous  

illness, admission weight, current weight, diag-
nosis, level of consciousness, and length of stay  
in Pediatric Intensive Care Unit.  

- Health care related factors:  It involved invasive  
procedures done during hospitalization, oral care,  

method of feeding, normal saline used during  

suction, presence of nasogastric tube, sedative  

use, and prior antibiotic use.  

- Mechanical ventilation related factors:  It involved  
previous intubation and previous non-invasive  

ventilation, place of recent intubation, mode of  

MV, route of intubation, the sterilization of circuit,  

infants' position on mechanical ventilator, rein-
tubation, and length of hospital stay on MV.  

Tool 2:  Standardized observational checklists  

which used to assess nurses' skills:  

- General infection control assessment sheet for  
personnel in contact with the infant:  Adopted  
from [17]  to assess environment and nurses' per-
formance regarding aseptic technique while deal-
ing with the infant such as hand hygiene per-
formed before contact with infant and before  

leaving the infant's environment, sterile water  

for oxygen humidifier and gloves are worn when  

in contact with respiratory secretions and changed  
before contact with another patient, object, or  

environmental surface... etc.  

- Nasogastric tube feeding checklist:  Adopted from  
[18]  and consisted of 17 steps about standardized  
technique of nasogastric tube feeding such as  

check order for type, amount, and order for  

feeding, assess the child respiratory status and  

color, and check for gastric residuals... etc.  

- Endotracheal suctioning checklist:  Adopted from  
[18]  and involved 16 steps about proper technique  
of endotracheal suctioning such as dominant  

hand sterile and non dominant hand cleans for  
the procedure, using the dominant hand to ma-
nipulate the catheter and suction for less than 5  

seconds... etc.  

Scoring system of checklists:  

Standardized observational checklists scored  
as follows, each correct step was given one point  

and zero if the step not done or done incorrectly.  
The observational checklists were done 3 times  
for each procedure. The scores of the items were  
summed-up and the total divided by the number  

of the items, giving a mean score for the part.  

These scores were converted into percent. The  
practice was considered adequate if the percent  

was 90% or more and inadequate if less than 90%.  
This high cutoff point was set because of the critical  
conditions of the infants under the study and the  
importance of highly quality nurses' practices in  

this situation.  

Tool validity:  

Risk factor assessment sheet was given to a  

group of 3 experts in the field of pediatric nursing  

to test the content validity and minor modifications  
were done.  
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Reliability of checklists:  

Reliability of the tool was tested statistically  

using Cronbach's alpha, to insure its consistency;  
it was 0.7 which means high internal consistency,  
and consequently high reliability.  

Pilot study:  

The pilot study was carried out on 6 infants  

from the total sample to test study tools in terms  
of its clarity, applicability, objectivity and explain  

any discrepancies in the tools and time required  
to fulfill it. The needed modifications done, and  
then the final format were developed. The pilot  

study included in the study.  

Ethical considerations:  

Primary approval was obtained from the Re-
search Ethical Committee in the Faculty of Nursing,  

Cairo University. A written informed consent was  
obtained from the parent of the infants and nurses  

assigned to the infants by the research investigator  

after complete description of the purpose and nature  
of the study in order to obtain their acceptance as  

well as to gain their cooperation. Parents were  

informed about their voluntary participation and  
their right to withdrawal from the study at any  

time. Also parents were assured that all gathered  

information will be confidential and will be used  
only for the purpose of the study.  

Procedure:  

After the ethical approval obtained from the  

Ethical Committee, an official permission was  

attained from the directors of Specialized Pediatric  

Hospital and Pediatric University Hospital as well  
as the heads of PICUs. The research investigator  

introduced herself to the parents of infants eligible  

for inclusion criteria and assigned nurse after  

complete description of the purpose and nature of  

the study to attain their acceptance and co-
operation. Risk factors assessment sheet used to  

assess infants during the period of hospitalization  

in PICUs. The research investigator assessed any  
change in clinical sign and symptoms of the infants;  
especially respiratory signs and symptoms, follow-
up of temperature changes begin from the time of  

intubation using the same thermometer every time  

for every infant. Radiological studies (mainly chest  

X-ray), lab investigations (mainly white blood  

cells and sputum cultures), medication prescribed  
to the infants, and nursing notes checked by the  

research investigator from the time of intubation  

as base line data assessment till the infants dis-
charged or referred or died. Any changes indicating  
that the infant developed VAP or not were recorded.  

Also, standardized observational checklists (general  

infection control assessment sheet for personnel  

in contact with the infant, nasogastric tube feeding  

checklist and endotracheal suctioning checklist)  

were used to collect the study data through observ-
ing care provided to the infant for three interrupted  

times for every infant eligible for inclusion criteria;  

first time assessment was at the first day of initiation  
of mechanical ventilation to collect baseline data,  
the second time after two days from intubation,  
and third time at the fifth day from intubation.  

These three times helped the research investigator  

to determine the level of care provided by different  

nurses at different times. When the child developed  

VAP in the first 48 hours from intubation; the infant  
excluded from the study. The research investigator  

was available for data collection three days per  
week in different shifts (morning, afternoon, night  
shift). Data collection was conducted over six  

months from October 2016 to April  2017.  

Statistical analysis:  

The collected data categorized, tabulated and  

summarized. Data entry and statistical analysis  

were done using Statistical Package for Social  

Studies (SPSS) Version 20.0 statistical software  

package. Data were presented using descriptive  

statistics in the form of frequencies and percent-
ages for qualitative variables, and means and  
standard deviations and medians for quantitative  
variables. Quantitative continuous data were com-
pared using Student t-test in case of comparisons  
between two independent groups and paired t-
test for dependent groups. When normal distribu-
tion of the data could not be assumed, the non-
parametric Mann-Whitney or Kruskal-Wallis test  
was used instead of Student t-test. Qualitative  
categorical variables were compared using chi-
square test. Whenever the expected values in one  

or more of the cells in a 2 X 2 tables was less  
than 5, Fisher exact test was used instead. In  
larger than 2 X 2 cross-tables, no test could be  
applied whenever the expected value in 10% or  
more of the cells was less than 5. To identify the  

independent predictors of the risk of VAP, multiple  

logistic regression analysis was used. Statistical  
significance was considered at p-value <0.05.  

Results  

Table (1) shows that, 53.7% of infants are less  

than 6 months of age, 64.8% are males, 68.5% are  
from rural areas, and 72.2% of infants developed  

VAP.  
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Table (1): Percentage distribution of personal characteristics  

of study sample (n=54).  

Infants' personal data  No.  %  

Infant age (months):  
1-6  29  53.7  
6 or more  25  46.3  

Gender:  
Male  35  64.8  
Female  19  35.2  

Residence:  
Rural  37  68.5  
Urban  17  31.5  

Ventilator associated pneumonia:  
Yes  39  72.2  
No  15  27.8  

Table (2) demonstrates that regarding personal  
characteristics of VAP infants, 56.4% and 64.1%  
of them their age less than 6 months and males,  

respectively and 71.8% from rural areas. Regarding  
the health history of VAP infants, 30.8% of them  

have previous illness with history of previous  

hospitalization, the mean admission and current  

weight is the same with X ±  SD=5.7±2.2, 43.6%  
of VAP infants have not weight gain, 87.2% are  

comatose and the mean length of stay in pediatric  
Intensive Care Units by days in VAP infants is  
more than non VAP infants with highly significant  
differences at p=0.004 & <0.001, respectively. The  
same table shows that there are no statistically  

significant differences between VAP and non VAP  
infants regarding all personal characteristics.  

Table (2): Relationships between personal characteristics, health history among Infants and VAP  

development (n=54).  

VAP  

Infants' related factors  Yes (n=39)  No (n=15)  χ2  p  

No. %  No. %  

Infant age (months):  
1-6  22 56.4  7 46.7  0.41  0.52  
6 or more  17 43.6  8 53.3  
Mean ±  SD  5.3±3.0  6.3±3.2  t=0.95  0.33  

Gender:  
Male  25 64.1  10 66.7  
Female  14 35.9  5 33.3  0.03  0.86  

Residence:  
Rural  28 71.8  9 60.0  
Urban  11 28.2  6 40.0  Fisher  0.52  

Previous illness with history  
of previous hospitalization:  5 33.3  Fisher  1.00  

Yes  12 30.8  10 66.7  
No  27 69.2  

Admission weight (kg):  

Mean ±  SD  5.7±2.2  6.5± 1.9  t=1.37  0.24  

Current weight (kg):  
Mean ±  SD  5.7±2.2  6.6± 1.9  
Median  6.45  5.20  U=1.35  0.25  

Weight gain:  
Yes  22 56.4  6 40.0  
No  17 43.6  9 60.0  1.17  0.28  

Level of consciousness:  
Confused  5 12.8  8 53.3  
Comatose  34 87.2  7 46.7  Fisher  0.004*  

Length of stay in PICUs:  
<7 days  4 10.3  7 46.7  
>7 days  35 89.7  8 53.3  Fisher  0.007*  
Mean ±  SD  18.8± 11.9  8.1 ±5.3  
Median  7.0  16.0  U=14.17  ≤0.001 **  

: p<0.001, highly significant.  
: p<0.05, significant difference.  
: Mann Whiney test.  

**  
*  

(U)  



3510 Exploring Risk Factors with VAP among Infants in Intensive Care Units  

Table (3) clarifies that health care related factors  

among VAP infants, 61.5% of them do not receive  
routine oral care, while 93.3% of non VAP infants  

receive oral care, 84.6% received parentral nutri-
tion,  64.1%  have nasogastric tube, while 66.7% of  

non VAP infants do not have nasogastric tube,  
97.4% of VAP infants have suction with normal  
saline to dissolve secretions, 46.2% and 43.6%  
respectively receive continuous and bolus sedation,  

and 74.4% have prior antibiotic use. Regarding  

invasive procedures; 69.2% of VAP infants have  

central venous line and 28.2% have urinary catheter.  
The same table reveals that there are statistically  

significant differences between VAP and non VAP  
infants regarding oral care, presence of nasogastric  

tube, prior antibiotic use, and sedatives adminis-
tration, while there are no statistically significant  

differences between two groups regarding methods  

of feeding, using normal saline during suction and  
invasive procedures.  

Table (3): Relationship between health care related factors and VAP development (n=54).  

Health care related factors  

VAP  

χ2 
 

p 
 Yes (n=39)  No (n=15)  

No. %  No.  %  

Oral care using normal saline:  

Yes  15 38.5  14  93.3  
No  24 61.5  1  6.7  13.12  ≤0.001 * *  

Methods of feeding @:  

Enteral  17 84.6  12  80.0  Fisher  0.70  
Parenteral  33 43.6  5  33.3  0.47  0.49  
NPO  16 41.0  8  53.3  0.66  0.41  

Presence of nasogastric tube:  
Yes  25 64.1  5  33.3  
No  14 35.9  10  66.7  4.15  0.04*  

Normal saline used for dissolving  
secretions during suction:  

Yes  38 97.4  14  93.3  Fisher  0.48  
No  1 2.6  1  6.7  

Sedatives administration:  
None  4 10.2  7  46.7  
Continuous  18 46.2  0  0.0  14.20  0.001 **  
Bolus  17 43.6  8  53.3  

Prior antibiotic use:  

Yes  29 74.4  2  13.3  
No  10 25.6  13  86.7  16.50  ≤0.001 * *  

Invasive procedures:  
Central venous line  27 69.2  7  46.7  2.37  0.12  
Surgery  3 7.7  2  13.3  Fisher  0.61  
Chest tube  6 15.4  0  0.0  Fisher  0.17  
Dialysis  2 5.1  0  0.0  Fisher  1.00  
Urinary catheter  11 28.2  3  20.0  
Blood transfusion  6 15.4  1  6.7  1.42  0.49  

@: Numbers are mutually exclusive. **: p<0.001, highly significant. *: p<0.05, significant difference.  

Table (4) highlights that mechanical ventilation  
related factors are, 10.3% and 69.2% respectively  
of VAP infants have previous intubation and pre-
vious non-invasive ventilation, while all non VAP  
infants do not receive previous intubation and 80%  
do not have previous non-invasive ventilation,  
66.7% of infants intubated in pediatric intensive  
care units of both group, 94.9% orally intubated,  
94.9% are on synchronized intermittent mandatory  

ventilation mode, and 25.6% have reused after  
sterilization circuit type. Regarding position on  

ventilator, 28.2% of VAP infants are on supine  
position, 53.8% of them have the experience of  
reintubation for at least one time during period of  
mechanical ventilation, the mean length of stay of  
VAP infants on mechanical ventilation with X ±  
SD is 16± 11.2 days. The same table shows that  

there are statistically significant differences between  

VAP and non VAP infants regarding all mechanical  

ventilation related factors except previous intuba-
tion, place of recent intubation, mode of mechanical  
ventilator and circuit type.  
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Table (4): Relationship between mechanical ventilation related factors and VAP development (n=54).  

MV related factors  

VAP  

χ2 
 

p 
 Yes (n=39)  No (n=15)  

No.  %  No.  %  

Previous intubation within preceding  

30 days:  
• Yes  4  10.3  0  0.0  
• No  35  89.7  15  100  Fisher  0.57  

Previous non-invasive ventilation:  
• Yes  27  69.2  3  20.0  
• No  12  30.8  12  80.0  10.63 0.001 ** 

Place of recent intubation:  
• Intensive care unit  26  66.7  10  66.7  
• Emergency room  6  15.4  3  20.0  – – 

• Ward  5  12.8  1  6.7  
• Operation room  2  5.1  1  6.7  

Route of intubation:  
• Oral  37  94.9  11  73.3  
• Nasal  2  5.1  4  26.7  Fisher 0.04* 

Mode of mechanical ventilator:  

• Synchronized intermittent  
mandatory ventilation  

37  94.9  14  93.3  

• Continuous positive airway  
pressure  

1  2.6  0  0.0  – – 

• Continuous mandatory ventilation  0  0.0  1  6.7  
• Others  1  2.6  0  0.0  

Circuit type (tubes of ventilator):  
• Reused after sterilization  10  25.6  3  20.0  
• Disposable  29  74.4  12  80.0  Fisher  1.00  

Position on ventilator:  

• Supine  11  28.2  0  0.0  
• Semi-sitting  28  71.8  15  100  Fisher  0.02*  

Reintubation:  
• Yes  21  53.8  5  0.0  
• No  18  46.2  15  100  13.22  ≤0.001**  

Length of stay on mechanical  

ventilation:  
• <7 days  8  20.5  14  93.3  
• >7 days  31  79.5  1  6.7  23.79  ≤0.001**  
• Mean ±  SD  16.0± 11.2  4.8± 1.3  
• Median  4.00  12.00  U=21.4  ≤0.001**  

* : p<0.05, significant.  
**: p<0.001, highly significant.  

Table (5) illustrates that, 53.8%, 51.3% and  
92.0% respectively of VAP infants receives inade-
quate general infection control measures, inade-
quate endotracheal suctioning technique and na-
sogastric tube feeding technique, while 93.3%,  

86.7%, and 60% among non VAP infants receive  
adequate general infection control measures, en-
dotracheal suctioning and nasogastric tube feeding  
technique respectively, as well as the differences  

between the two group are statistically significant.  
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Table (5): Relationship between nursing care provided to the Infants and VAP development (n=54).  

VAP  

Nursing care provided  Yes (n=39) No (n=15)  х2 
 

p 
 

No  % No %  

General infection control:  
Average score:  (n=39)  (n=15)  

Competent  18  46.2 14 93.3  
Incompetent  21  53.8 1 6.7  9.99  0.002*  

Endotracheal suction:  
Average score:  (n=39)  (n=15)  

Competent  19  48.7 13 86.7  
Incompetent  20  51.3 2 13.3  6.46  0.01 *  

Nasogastric tube feeding:  
Average score:  (n=25)  (n=5)  

Competent  2  8.0 3 60.0  
Incompetent  23  92.0 2 40.0  Fisher  0.02*  

90% or more=adequate.  Less than 90%=inadequate.  
*: p<0.05 significant.  **: p<0.001 highly significant  

Table (6) represents that, 56.4% of VAP infants  

died during period of hospitalization and there is  
no statistically significant difference when com-
pared with non VAP infants.  

Table (6): Relationship between incidence of VAP and outcome  

among infants (n=54).  

VAP  

Infants'  
outcomes  

Yes (n=39)  No (n=15)  х2 
 

p 
 

No %  No %  

Outcome:  
Alive  
Dead  

17 43.6  
22 56.4  

6 40.0  
9 60.0  0.06  0.81  

Discussion  

The study results revealed that nearly three  

quarters of the study sample developed VAP after  

2 days from initiation of mechanical ventilation,  
these results supported by [19,20]  in a study titled  
“Ventilator associated Pneumonia in critically ill  
neonates admitted to neonatal intensive care unit,  

Zagazig University Hospitals” who found that,  
more than half of study sample developed VAP  

after 2 days from initiation of mechanical ventila-
tion. This could be interpreted as; infants are more  

risky for VAP because of immaturity of immune  
system and majority of body systems. Moreover,  

the rate of VAP increased or decreased according  

to facilities of units, so in PICUs, there are shortages  
of nursing staff and supplies, and lack of inservice  

training program for nurses; all these factors may  

predispose to VAP development among infants.  

The present study results showed that the mean  

age of VAP infants was less than mean age of non  
VAP infants, these results were in accordance with  

[21] , and also with [22]  who found that, the children  
who developed VAP were significantly younger  

compared with other ages. Additionally, the study  

done by [23]  in Pakistan about “ventilator associated  

pneumonia in children” who reported that, almost  
half of VAP patients were younger than 1 year.  
The present study results clarified that nearly two-
thirds of VAP infants were males; these results  

were in agreement with [19]  who reported that,  
nearly three quarters of VAP cases were males.  

Also, [20]  found that, more than half of VAP infants  
were males. This could be interpreted as; there are  

no great differences in body structures and organ  

development between both sexes in infancy and  
early childhood but male gender still considered  
high risk group.  

The present study results showed that two-
thirds of VAP infants' families were from rural  
areas. This may be due to, the university hospitals  

considered the largest children's hospitals in Egypt  
which containing different specialties, also, VAP  

is a hospital acquired infection that affected by the  
children environmental conditions inside the hos-
pital.  

The study results demonstrated that the mean  
score of admission weight of VAP infants was less  

than the mean score of non VAP infants, these  
results were in accordance with studies done by  

[24,25]  in Egypt who reported that, the mean admis-
sion weight of infants was less than the mean  
admission weight of non VAP infants. This could  
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be interpreted as; body weight of neonates and  
infants is more critical indicator in which it reflects  

the overall health and nutritional status of infants,  

which made the infants risky to acquire infections.  
The current study results revealed that less than  

one third of VAP infants had previous illness with  
history of previous hospitalization; these results  
were in agreement with [26]  who reported that,  
about one third of VAP infants had history of  
previous illness and hospitalization.  

The study results demonstrated that the majority  

of VAP infants were comatose at the time of initi-
ation of MV, these results supported by [22]  who  
reported that, coma significantly associated with  

development of VAP. Also, [13,27]  who found that,  
coma associated with increased risk of acquiring  

VAP. This could be interpreted as; comatose infants  
become more dependent on MV, stay more days  
in PICU, and need more invasive procedures such  

as frequent suctioning, and reintubation... etc. all  

maneuvers act as precipitating factors for develop-
ing VAP.  

The study results showed that, nearly two-thirds  
of VAP infants did not receive routine oral care  

and the vast majority of non VAP infants received  

oral care by normal saline, these results supported  

by [28]  in a study titled “mouth care to reduce  

ventilator associated pneumonia” who reported  

that, when oral care is not provided to a patient  

who is mechanically ventilated, this increases the  

opportunity of pathogens such as Klebsiella, Pseu-
domonas, and Escherichia coli to colonize the  

oropharyngeal site and routine oral care can prevent  

aspiration of these pathogens and prevent risk of  
aspiration of them to the lung subsequently prevent  

respiratory infections.  

In the same context, these results were in agree-
ment with [29]  who documented that, the New  
Zealand Dental Association recommended the use  
of normal saline to perform the oral care in infants  

without dental eruption, as well as reported that,  
oral care decrease risk of acquiring VAP, also, [13]  
emphasized that, strategies documented to decrease  

risk of VAP in pediatrics include scheduled oral  

care. Furthermore, [6]  emphasized to provide oral  
care every 2 hours using swabs soaked in saline  
for infants with no teeth.  

The study results revealed that the majority of  
VAP infants received normal saline inside endotra-
cheal tube prior to suction episode, these results  

were not in accordance with [30,31]  who recom-
mended that, instillation of normal saline should  
not be routinely used. This could be interpreted  

as; normal saline instillation is used frequently by  
many nurses to get out the thick secretions and  

injection of anything inside the endotracheal tube  

may spread organisms downward to the lung.  

Therefore, use other alternatives for the manage-
ment of thick secretions such as chest physiotherapy  

as it is safer to loose secretions instead of using  
normal saline instillation.  

The study results found that nearly two-thirds  
of VAP infants had nasogastric tube either for  

decompression or for feeding; these results were  

in accordance with [24] , also with [32]  who men-
tioned that, the presence of nasogastric tube statis-
tically significant risk factor of VAP. The current  

study results revealed that more than two-fifth of  

VAP infants received enteral feeding, these study  

results in accordance with [20]  who reported that,  
more than half of VAP group received enteral  

feeding. Also, [5]  found that, more than two-fifth  

of VAP group received enteral feeding. The study  

results revealed that the majority of VAP infants  

received parenteral nutrition, these results supported  

by [33,34]  who reported that, the higher percentage  

of VAP infants received parenteral nutrition and  

increased duration of parenteral nutrition associated  

with increased risk of VAP.  

The study results proved that the majority of  

VAP infants received sedatives during the period  
of mechanical ventilation as well as nearly half of  
VAP infants received continuous sedation and more  

than two-fifths received bolus sedation, these results  

supported by [33]  who reported that, nearly half of  

neonates received sedatives on MV. This could be  
interpreted as; sedatives especially continuous  

sedation decrease the chance of early weaning  

from MV so increase the dependency on MV, which  

increase the risk of VAP. Furthermore, sedatives  

increase the chance of aspiration due to decrease  
gut motility.  

The study results showed that near to three  
quarters of VAP infants had prior antibiotic use  

just before and early days of mechanical ventilation  

and it significantly associated with increased risk  
of VAP, these results were in accordance with [11]  
who reported that, prior antibiotic therapy was a  

risk factor that can cause VAP due to multi-drug  

resistant organisms. A recent study done by [22]  
who found that, prior antibiotic use for >48 hours  

before MV was significantly associated with higher  

risk of VAP in which more than two-thirds of VAP  
children had prior antibiotics. On the same context,  

[27]  reported that, prior antibiotic use was signifi-
cant risk factor for developing VAP.  
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The study results proved that more than two-
thirds of VAP infants had central venous line, these  
results supported by  [13]  who reported that, nearly  
two-thirds of VAP children have central venous  
line. This could be interpreted as; presence of  

central venous line may be associated with risk of  
VAP through indirect cause in which central venous  
line may increase risk of sepsis which negatively  

affects the child immunity and predispose to oc-
currence of VAP.  

The current study results showed that the mi-
nority of VAP infants admitted to PICUs after post-
surgical procedure, these results supported by  

[19,33]  who identified that, the minority of VAP  
infants admitted due to surgical causes. This could  
be interpreted as; VAP may be developed as com-
plications post-operatively due to immobilization,  

improper nutrition and fluid volume deficit.  

The current study clarified that less than one  
fifth of VAP infants received blood transfusion;  

these results were in accordance with  [35]  who  
reported that, blood transfusion was significant  

risk factor for VAP. While, the current results were  

not in accordance with [36] who reported that, there  
was no relation between blood transfusion and risk  

of VAP. The current study results revealed that the  

minority among VAP infants had chest tubes, these  

results supported by [20,25]  who found that, one  
quarter of VAP infants had chest tubes.  

The current study results proved that more than  

two-thirds of VAP infants had previous non-
invasive ventilation; these results were in agreement  

with [37]  who stressed that, more than half of VAP  

cases had the experience of previous non-invasive  
ventilation. The current study showed that more  

than one tenth of VAP infants had history of pre-
vious intubation in the preceding 30 days; these  

results were in agreement with  [38]  who reported  
that, 4.05% of children who had history of previous  
intubation and developed VAP.  

The current study results clarified that two-
thirds of VAP and non VAP infants intubated in  
pediatric intensive care units and there was no  

relation between place of intubation and risk of  

VAP, these results supported by  [39]  who found  
that, location of intubation was not associated with  

VAP. This could be interpreted as; VAP rate depends  

on technique of intubation and a sepsis measures,  

so if the intubation done in well-prepared place  
and qualified personnel, this will lead to decrease  

the risk of VAP development. The current study  
results revealed that one quarter of VAP infants  

had reused circuit type after sterilization, these  

results supported by [26]  who reported that, about  
one quarter of VAP infants had reused after steri-
lization circuit type. This could be interpreted as;  

using disposable circuit is safer more than reusable  

circuit.  

The current study results clarified that the vast  

majority of VAP infants had oral endotracheal tube,  

these results supported by  [36]  who reported that,  
more than half of VAP children had oral ETT. Also,  
[40]  found that, children with orotracheal tubes had  

a higher prevalence of aspiration compared with  
nasotracheally intubated and recommended the use  

of nasotracheal route for intubation in children.  

This could be interpreted as; colonized oral cavity  

may spread pathogens to oral ETT that bypass  

them to the lungs and this increase the chance of  
developing VAP especially in neonates and infants  

due to un-cuffed ETT. Also, neonates and infants  

likely at greater risk for aspiration of contaminated  

oral secretion as gastro-esophageal reflux common  

in infants.  

The current study results proved that more than  

one quarter of VAP infants were lay on supine  
position, while all non VAP infants were on semi-
sitting position, these results supported by [41]  who  
emphasized that to place the ventilated patient in  

semi-upright position between 30 and 45 degrees  
unless contraindicated to reduce the risk of VAP.  

Also, these results supported by [42]  who reported  
that, elevation head of bed in ventilated infants is  
needed to reduce risk of aspiration and VAP. This  
could be interpreted as; supine position may in-
crease the risk of aspiration of colonized gastric  

content to the lung especially in un-cuffed ETT in  

younger children.  

The current study results showed that more  
than half of VAP infants had the experience of  

reintubation for at least one time during recent  

hospitalization, these results were in accordance  
with [24]  who reported that, all neonates with VAP  

reintubated for at least one time, also,  [35]  in a  
study titled “risk factors for ventilator-associated  

pneumonia in the neonatal Intensive Care Unit: A  
meta-analysis of observational studies” supported  
these results and reported that, reintubation signif-
icantly increased the risk of acquiring VAP. Fur-
thermore, a study done by [43]  about “study of  
ventilator associated pneumonia in neonatal Inten-
sive Care Unit: Characteristics, risk factors and  
outcome" who found that, reintubation done among  
near to two-thirds of VAP neonates.  

The current study results identified that VAP  

infants had significantly longer days on MV with  
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mean score was 16± 11.2 day, these results were in  
accordance with [34]  who reported that, neonates  
with VAP had longer stay in NICUs with mean  
score was 58.7 ±39.6 day. Also, the current study  
results were in the same line with [19]  who reported  
that, duration of ventilation was found to be sig-
nificantly longer in infants with VAP with mean  
score was 26.0 ± 11.5 day. The study results illus-
trated that the majority of VAP infants had signif-
icantly longer length of stay in PICUs with mean  

days of stay was 18.8 ± 11.9, these results supported  
by [44]  who mentioned that, VAP infants had sig-
nificantly higher length of stay in pediatric Intensive  

Care Units with mean score was 14 ± 12 days.  

The current study results showed that more  
than half of VAP infants received inadequate gen-
eral infection control measures and the vast majority  

of non VAP infants received adequate infection  

control, these results were in accordance with  
[27,45]  who reported that, poor adherence to hand  

hygiene infection control processes can lead to  

cross contamination of organisms between children  

and this may contribute to VAP development. Also,  

the current study results were in accordance with  

a study done by [46]  in Egypt about “reducing  
ventilator-associated pneumonia in neonatal Inten-
sive Care Unit using VAP prevention bundle: A  

cohort study” who recommended that, hand hygiene  
is the most important infection control intervention  
in all health care setting and stated that applying  

bundle of infection control practices can effectively  

reduce the occurrence of VAP during neonatal  
ventilation period. In the same context, [47]  dis-
cussed that; hand hygiene and staff's training are  

significantly correlated with decreased incidence  

of VAP. This could be interpreted as; the critical  
care units with its critical and invasive procedures  
require high precautions regarding application of  
universal infection control measures.  

The present study results proved that more than  
half of VAP infants received inadequate endotra-
cheal suctioning technique, these results supported  
by [27]  who discussed that, endotracheal tubes may  
become contaminated when endotracheal suctioning  
become a routine care or via the contaminated  
hands of medical team members, also, these results  
were in the same line with [43]  who discussed that,  
endotracheal suctioning is not mentioned in any  
research paper as a factor associated with VAP but  

on the other hand, it may be associated with con-
tamination of airway and subsequent VAP can  
occur if proper practice is not established.  

The current study results revealed that the vast  
majority of VAP infants received inadequate na- 

sogastric tube feeding technique, as well as, the  

research investigator observed that most nurses  
caring for the infants did not check the position of  

nasogastric tube and gastric residual before feeding,  

these results were in the same line with [48]  who  
discussed that, performing routine gastric residual  

aspiration and evaluation prior to every feeding in  

critically ill infants prevent aspiration of gastric  

contents, which may contribute to VAP.  

The current study results identified that prior  

antibiotic use considered the only independent risk  

factor for acquiring VAP. In the same context, [22]  
found that, prior antibiotic use >48 hours, multiple  
organ system failure, reintubation, coma and age  
in months were independent risk factors for VAP.  

Also, [37]  reported that, previous use of one or  

more antibiotics and reintubation were independent  

risk factors for acquiring VAP in infants. On the  
other hand, [33]  revealed that, duration of mechan-
ical ventilation was independent and statistically  

significant risk factor for development of VAP.  

Moreover, [21]  reported that, positive blood culture  
growth was the only independent risk factor asso-
ciated with VAP.  

The current study results answered the research  

question about the risk factors of VAP among  

infants in intensive care units and concluded that,  

the following factors were statistically significant  

risk factors associated with VAP; prior antibiotic  

use, sedatives administration, absence of routine  

oral care, previous non-invasive ventilation, rein-
tubation, length of stay on mechanical ventilation  

and PICUs, coma, inadequate general infection  

control measures, inadequate endotracheal tube  

suctioning technique, supine position, inadequate  
nasogastric tube feeding technique, presence of  

nasogastric tube and oral route of endotracheal  

tube.  

The current study results proved that, more  

than half of VAP infants died during the study  

period, these results were in agreement with [21]  
who reported that, near to half of VAP infants died  

from the study sample. Additionally, [22]  reported  
that, more than two-thirds of VAP children died.  
This could be interpreted as; VAP increase mortality  
of infants if not early detected and well treated.  

So, early detection and proper treatment of organ-
ism based on culture and sensitivity test to choose  

proper antibiotics prevent complication of VAP  

that increases the mortality rate.  

Conclusion:  

In the light of study findings; prior antibiotic  
use was the only independent risk factor for inci- 
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dence of VAP; and sedatives administration, ab-
sence of routine oral care, previous non-invasive  
ventilation, reintubation, length of stay on mechan-
ical ventilation and PICUs were the major risk  
factors of VAP among infants in pediatric Intensive  

Care Units.  

Recommendations:  

Based on study findings; the current recommen-
dations are suggested:  
For pediatric hospitals:  

- Providing enough and disposable medical supplies  

for pediatric Intensive Care Units.  

- Inservice training program should be conducted  

for pediatric Intensive Care Nurses about preven-
tion of VAP among infants.  

- Posters and handouts should be placed within the  
PICUs to raise the awareness of nurses about  
evidence based guidelines and bundle of care for  

prevention of VAP.  

- Primary prevention for VAP through controlling  

the associated risk factors.  

For research:  

- Similar studies should be conducted on large  
sample and different settings.  

- Further studies in pediatrics are needed to deter-
mine the impact of using normal saline in suction  

on incidence of VAP.  

- More studies about predictors of mortality in  
VAP infants in pediatric Intensive Care Units are  

needed.  
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