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Abstract

Background: This study aimed to evaluate the incidence of ventilator-associated
pneumonia (VAP) and identify the risk factors contributing to its development in
pediatric cardiac intensive care units. Methods: This retrospective study analyzed cases
of patients <18 years old hospitalized in a pediatric cardiac intensive care unit between
01 January 2021, and 01 January 2024. Data patients diagnosed with VAP were matched
(age and surgical procedure) with those of two control patients based. Results: During
the study period, 1650 cardiac operations were performed. Among these, 520 cases
requiring mechanical ventilation for more than 48 hours were included in the analysis.
A total of 40 cases of VAP were identified and matched with 80 control cases. The
incidence density of VAP was found to be 17.2 per 1000 ventilator days, and the median
age of patients with VAP was two months. The isolated pathogens included Klebsiella
pneumoniae (n= 14, 35%), Stenotrophomonas maltophilia (n="17, 17.5%), Pseudomonas
aeruginosa (n = 6, 15%), Acinetobacter baumannii (n = 6, 15%), Staphylococcus aureus
(n =4, 10%) and Enterobacter species (n = 3, 7.5%). The mortality rate in patients
with VAP was 20% (8/40). Data analysis showed that independent risk factors for VAP
included a RACHS-1 (Risk Adjustment for Congenital Heart Surgery) score of >4, the
use of extracorporeal membrane oxygenation (ECMO), central venous catheterization
lasting >14 days, mechanical ventilation dependency for >10 days, requirement for
total parenteral nutrition, and delayed sternal closure of >2 days. Conclusions: VAP
represents a significant cause of morbidity and mortality in pediatric cardiac intensive
care units after congenital heart surgery. Gram-negative bacteria were identified as the
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predominant pathogens in this population.
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1. Introduction

Congenital heart diseases (CHDs) represent a significant
global public health concern, affecting populations in both
developed and developing countries. Its prevalence is reported
to be approximately 9 per 1000 live births, accounting for
nearly one-third of all congenital anomalies [1].

CHDs are classified into various subtypes based on their
pathophysiology, and the corresponding surgical treatment
approaches range from corrective to palliative, depending on
the specific condition. In recent years, the number of surg-
eries for CHDs has steadily increased, corresponding to the
growing number of infants and children diagnosed with CHD.
Consequently, this has also led to an increase in the incidence
of postoperative complications in these patients [2].

Mechanical ventilation is commonly required after pediatric
cardiac surgery, and its duration can be prolonged by factors
such as malnutrition, immune system deficiencies, syndromic
conditions, lung infections and extended cardiopulmonary by-

pass (CPB) times, all of which increase the risk of complica-
tions [3].

Ventilator-associated pneumonia (VAP) is among the most
common complications in pediatric intensive care. In these
patients, VAP is linked to adverse outcomes, such as extended
hospital stays, prolonged mechanical ventilation and increased
mortality rates [4]. However, data on VAP following pediatric
heart surgery remains limited [4, 5]. This study aims to evalu-
ate the incidence, causative factors, risk factors and outcomes
of VAP in pediatric cardiac surgery patients admitted to our
pediatric cardiac intensive care unit.

2. Methods

2.1 Patients

This retrospective case-control study was conducted on pa-
tients under 18 years of age admitted to the pediatric cardiac
intensive care unit (PCICU) between 01 January 2021, and
01 January 2024. The unit is a 39-bed level 3 cardiac center
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managing and treating all forms of CHD, except for heart
transplants. Patients requiring mechanical ventilation for 48
hours or longer were included in the study. Patients were
divided into two groups: those who developed VAP and the
control group. VAP was defined based on the Centers for
Disease Control and Prevention (CDC) and National Noso-
comial Infections Surveillance (NNIS) criteria [6]. For the
diagnosis of VAP, X-ray images were evaluated for the devel-
opment or progression of infiltrates, consolidation, cavitation
or pneumatosis (in patients under one year of age). Clinical
signs and symptoms were also assessed, based on whether
the patients were infants or children, including worsening
gas exchange, temperature instability, increased respiratory
secretions or suctioning requirements, leukopenia or leuko-
cytosis, apnea, tachypnea, wheezing, rales or rhonchi. The
diagnosis was confirmed by identifying pathogenic bacteria in
deep tracheal aspirate cultures.

Control patients who had undergone surgery for CHD dur-
ing the same time frame (£30 days) were selected from the
same PCICU and were matched with VAP cases based on
age (+10%), weight (£10%) and similar types of surgery.
Special attention was given to matching patients with single-
ventricle physiology, ensuring comparable characteristics be-
tween groups. Patients with comorbidities unrelated to car-
diovascular disease, which were absent in the VAP group,
were excluded from the control group. For each VAP case,
two matched control patients were included. The study was
approved by the local ethics committee and conducted in ac-
cordance with the Declaration of Helsinki.

Anesthesia drugs were administered according to pre-
planned protocols designed to facilitate early extubation. For
children younger than six months, induction involved the
administration of 0.1 mg/kg midazolam, 1 pg/kg fentanyl
and 0.6 mg/kg rocuronium. Maintenance was achieved using
0.1 pg/kg/min remifentanil, 5 pg/kg/min rocuronium and a
minimum alveolar concentration of 1-1.2 sevoflurane. For
children older than six months, the same drugs were used for
induction. Maintenance included 0.25 p1g/kg/min remifentanil,
5 pg/kg/min rocuronium, a minimum alveolar concentration
of 1-1.2 sevoflurane and 0.5 pg/kg/h dexmedetomidine.
Neuromuscular blockade was reversed with sugammadex
to ensure muscle function recovery. Following surgery,
patients were transferred to the PCICU with a continuous
dexmedetomidine infusion to support postoperative care.

The patients were given an initial dose of 0.5 pg/kg/min
milrinone at the start of the operation, and the maintenance
dose was determined by the anesthetist on a case-by-case
basis, taking into account the patient’s hemodynamic status,
the need for catecholamines and volume management during
the procedure.

2.2 Extubation criteria and routine care

The criteria for extubation included patients being awake with-
out external stimulation, demonstrating spontaneous breathing
efforts and meeting specific respiratory and hemodynamic
parameters such as maintaining a positive end-expiratory pres-
sure (PEEP) of 5 cmH>0, an inspired oxygen fraction (FiOs)
<0.4, an oxygenation index (OI) and an arterial oxygen partial
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pressure to FiO, ratio (PaO2/FiO) greater than 200. Ad-
ditionally, patients were required to have a partial pressure
of carbon dioxide (PaCOs) <50 mmHg, a pH >7.25, stable
hemodynamics, no evidence of systolic or diastolic dysfunc-
tion on echocardiography, a strong cough reflex, and proper
swallowing function [7].

Daily chest X-rays were performed for all intubated patients
to assess lung status and detect any complications. Gastric
ulcer prevention was managed with pantoprazole, particularly
in patients receiving prolonged corticosteroid treatment. Oral
hygiene was ensured by cleaning the mouth with wet dental
swabs three to four times daily. Perioperative antibiotic pro-
phylaxis involved cefazolin administered for 72 hours. For
empiric antibiotic therapy, Targocid and ceftazidime were pre-
scribed for infants under two months of age, while cefepime
was used for older children. In cases where infection was
suspected, blood and urine cultures were obtained to guide
further treatment. Endotracheal secretions were examined
using standard tracheal aspiration with semi-quantitative and
microscopic qualitative techniques. However, bronchoalveo-
lar lavage was not performed.

2.3 Data collection

A data collection form comprising demographic information,
cardiac diagnosis, echocardiographic findings, operation du-
ration, use of CPB, type of surgery, cardiac surgery scores,
extubation time, length of stay in the intensive care unit and
hospital, mortality, re-intubation status, presence of a central
venous catheter (CVC) for more than 48 hours, use of total
parenteral nutrition (TPN) for over 48 hours, development of
chylothorax and complications was completed for each case.

For patients with suspected infections, a more detailed re-
view was conducted to evaluate endotracheal aspirates and
clinical indicators of VAP, such as temperature fluctuations,
purulent sputum and changes in ventilator settings. Micro-
biology, laboratory results and chest radiographs were also
analyzed to confirm the presence of infection.

2.4 Definitions

Nosocomial infections were defined as infections that were not
present or in the incubation phase at the time of admission to
the PCICU and developed at least 48 hours after admission.
VAP was classified as nosocomial pneumonia that occurred
48 hours or more after the initiation of mechanical ventilation
in patients receiving ventilator support. Deteriorating gas
exchange was characterized by increases in FiOg, peak inspi-
ratory pressure (PIP), and/or PEEP levels. For patients with-
out cardiac shunting, PaO2/FiO; ratios and alveolar-arteriolar
oxygen (A-a) gradients were calculated.

Ventilator days were recorded to calculate the VAP density
rate per 1000 ventilator days in the PCICU. The mechanical
ventilation usage ratio was also evaluated based on the length
of stay in the PCICU. The VAP incidence rate was determined
using the formula: (Number of VAP cases/Total number of
patients receiving mechanical ventilation) x 100 = VAP rate
per 100 patients.

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

RACHS-1(Risk adjustment for congenital heart surgery
scores) scores were calculated as previously described [2].

Bacterial colonies were identified using matrix-assisted
laser  desorption/ionization-time-of-flight (MALDI-TOF)
technology with the Microflex LT/SH Smart MS system
(FlexControl, Bruker Daltonics GmbH & Co. KG, Bremen,
HB, Germany) and the MALDI-Biotyper Compass [IVD 4.2.90
database. Antibiotic susceptibility testing was conducted to
determine the Minimum Inhibitory Concentration (MIC)
using the Phoenix M50 automated microbiology system
(BD Diagnostics, Becton, Dickinson and Company, Sparks,
MD, USA), which integrates identification and susceptibility
testing of bacterial isolates. The results were evaluated based
on the clinical breakpoints set by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST).

2.5 Statistical analysis

Data were analyzed using SPSS Statistics version 21 (IBM
Corp., Armonk, NY, USA). Demographic variables are pre-
sented as numbers, percentages and medians with interquartile
ranges (IQR). Categorical variables were compared between
the VAP and control groups using either the chi-square test or
Fisher’s exact test, as appropriate. Continuous variables were
analyzed using the Mann-Whitney U test. To identify inde-
pendent predictors of VAP, a multivariable logistic regression
analysis was performed. A p-value of < 0.05 was considered
statistically significant.

3. Results

During the study period, 1650 cardiac operations were per-
formed. Of these, 520 cases requiring mechanical ventilation
for more than 48 hours were included in the analysis. Among
these, 120 patients were selected for the study, comprising
40 VAP cases and 80 matched controls. The median age of
patients diagnosed with VAP was 2 months (IQR 1-3), and
50% were male.

The types of surgeries in patients with VAP were as follows:

Staphylococcus
Aureus
10%

Acinetobacter
Baumanni i
15%

Klebsiella
pneumonia
35%
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arch reconstruction (n = 8, 20%), arterial switch procedure (n
=6, 15%), atrioventricular septal defect (AVSD) repair (n =5,
12.5%), ventricular septal defect (VSD) repair (n = 4, 10%),
total anomalous pulmonary venous return (TAPVR) repair (n
=3, 7.5%), Norwood stage 1 (n = 3, 7.5%), Glenn procedure
(n =2, 5%), primary complete unifocalization (n = 2, 5%),
total repair of tetralogy of Fallot (TOF) (n =2, 5%) and other
procedures (n =5, 12.5%).

Among the entire cohort, nearly 8% of patients (40/520
x 100) developed VAP. The incidence density was 17.2 per
1000 ventilator days (40/2316 x 1000). Microorganisms
were identified in the tracheal aspirate cultures of 40 out of
1650 patients (0.24%). The distribution of pathogens included
Klebsiella pneumonia (n = 14, 35%), Stenotrophomonas mal-
tophilia (n = 7, 17.5%), Pseudomonas aeriginosa (n = 6,
15%), Acinetobacter Baumannii (n = 6, 15%), Staphylococcus
Aureus (n =4, 10%) and Enterobacter (n =3, 7.5%) (Fig. 1).

The mortality rate associated with VAP was 20% (8/40).

Factors associated with the development of VAP in the
PCICU were analyzed using univariate analysis (Table 1), and
subsequent multivariable logistic regression analysis identified
the following risk factors being independently associated with
VAP (Table 2): a RACHS-1 score of >4 (OR (Odds Ratio):
2; 95% CI (Confidence Interval): 1.8-10; p = 0.01), use of
ECMO (OR: 1.1; 95% CI: 1-5.6; p = 0.005), CVC usage
>14 days (OR: 1.6; 95% CI: 1.2-6; p = 0.02), mechanical
ventilation dependency for >10 days (OR: 3.2; 95% CI: 2-8;
p < 0.001), requirement for TPN (OR: 0.8; 95% CI: 0.6-4; p
=0.04), and delayed sternal closure of >2 days (OR: 1.2; 95%
CI: 1-3.5; p < 0.001).

4. Discussion

This study evaluated the incidence of VAP and its associ-
ated risk factors in pediatric patients undergoing congenital
heart surgery in a PCICU over a three-year period. Our
findings revealed that VAP remains a frequent complication
in this population, with Gram-negative bacteria identified as
the predominant pathogens. The independent risk factors for
developing VAP included higher RACHS-1 scores, prolonged

Pseudomonas
aeriginosa
15%

Enterobacter
%

enotrophomona
s Maltophilia
18%

FIGURE 1. Distribution of microorganisms identified in the tracheal aspirate cultures.
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TABLE 1. Demographic and clinical variables for patients with ventilator-associated pneumonia and control patients.

Variables (nV;A:Il’O) (ioftégi )%
Background illness 11 (27.5)* 5(6.2) 0.010
Age, mon 2 (1-3) 3 (2-5) NS
Weight, kg 3.9(3.5-5) 5(4.1-6) 0.030
Birth weight, kg

>2.5 32 (80) 76 (95) NS

<2.5 8 (20) 4(5)
Male 20 (50) 42 (52.5) NS
Genetic syndrome 7 (17.5) 10 (12.5) NS
Single ventricle physiology 16 (40) 34 (42.5) NS
Cyanotic heart disease 23 (57.5) 60 (50) NS
Duration of preoperative mechanical ventilation, d 2 (04) 1(0-2) NS
CPB use 36 (90) 75 (94) NS
CPB time, min 85 (75-95) 75 (65-100) NS
RACHS-1 >4 22 (55) 16 (20) <0.001
Central venous catheter duration, d 21 (15-28) 7 (5-10) <0.001
Duration of postoperative mechanical ventilation, d 15 (10-20) 4 (2-6) <0.001
Transfusion 36 (90) 40 (50) 0.002
TPN 20 (50) 10 (12.5) <0.001
Duration of TPN, d 10 (6-14) 2 (1-3) <0.001
ECMO 5(12.5) = <0.001
Arrhythmias 4(10) 9 (12.5) NS
Acute kidney injury 6 (15) 8 (10) NS
LCOS 12 (30) 20 (25) NS
Chylothorax 8 (20) 2(2.5) <0.001
Peritoneal dialysis 7(17.5) 6(7.5) 0.040
Need for iNO 6 (15) 2 (2.5) 0.020
Delayed sternal closure >2 d 14 (35) 4 (5 <0.001
Previous antibiotic use 4 (10) 10 (12.5) NS
Use of corticosteroids 6 (15) 11 (13.7) NS
Use of pantoprazole 36 (90) 64 (80) NS
ICU stay, d 30 (24-36) 8 (6-10) <0.001
Post-op hospital stay, d 42 (34-54) 15 (12-18) <0.001
Tracheostomy 1(2.5) —* NS
Mortality 8 (20) 2 (2.5) <0.001

*Median (IQR), n (%).

Values with p < 0.05, which are considered statistically significant, are written in bold.

Abbreviations: CPB: cardiopulmonary bypass; ECMO: extracorporeal membrane oxygenation, ICU: intensive care unit; LCOS:
low cardiac output syndrome,; NS: non-significant; RACHS-1: risk adjustment for congenital heart surgery, TPN: total parenteral
nutrition; VAP: ventilator-associated pneumonia, —*: none; iNO: Inhaled Nitric Oxide.
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TABLE 2. Multivariate logistic regression analysis of factors associated with the development of ventilator-associated

pneumonia.
Variables p Odds Ratio 95% Confidence Interval
RACHS-1 score >4 0.010 2.0 1.8-10.0
ECMO 0.005 1.1 1.0-5.6
Central venous catheter duration >14 d 0.020 1.6 1.2-6.0
Mechanical ventilation dependency >10 d <0.001 3.2 2.0-8.0
Total parenteral nutrition 0.040 0.8 0.64.0
Delayed sternal closure >2 d <0.001 1.2 1.0-3.5

Abbreviations: ECMO: Extracorporeal Membrane Oxygenation; RACHS-1: Risk Adjustment for Congenital Heart Surgery.
Values with p < 0.05, which are considered statistically significant, are written in bold.

mechanical ventilation, ECMO use, extended CVC use, de-
layed sternal closure and the need for TPN. Collectively, these
results contribute to the limited body of research specifically
addressing VAP in pediatric cardiac patients’ post-surgery.

Postoperative factors, such as hemodynamic instability, pul-
monary edema, cytokine release and capillary leakage syn-
drome, compromise the immune system, increasing the sus-
ceptibility of PCICU patients to infections like VAP. It is note-
worthy that VAP is the second most common hospital-acquired
infection in PCICUs, following bloodstream infections [4, 9].

Existing literature on VAP incidence in pediatric cardiac
patients remains limited, and most of the current literature
has focused on general pediatric intensive care units. For
instance, Mohamed ef al. [10] reported a VAP incidence of 2—
6 episodes per 1000 ventilator days in a non-cardiac pediatric
ICU (intensive care unit), while studies conducted in pediatric
cardiac ICUs have reported higher rates. Shaath et al. [4]
observed a VAP incidence of 9.6%, with a density of 29
episodes per 1000 ventilator days [4]. Similarly, Tang et al.
[5] identified a 13% incidence, corresponding to 21.6 episodes
per 1000 ventilator days. A Dutch study involving 125 patients
reported a VAP incidence of 8.8%, equivalent to 17.1 episodes
per 1000 ventilator days [11]. Our findings align with these
studies, showing a VAP incidence of 7.7% and an incidence
density of 17.2 episodes per 1000 ventilator days.

Regarding the causative pathogens, Gram-negative bacteria
were the predominant isolates, consistent with findings from
previous studies, such as Tan ef al. [12], who reported that
86.1% of VAP-related pathogens were Gram-negative bacilli.
Similarly, Sun et al. [13] identified Gram-negative bacte-
ria in 78% of cases, while Roeleveld et al. [11] reported
Haemophilus influenzae, Moraxella catarrhalis, Staphylococ-
cus aureus and Pseudomonas aeruginosa as the most fre-
quently observed organisms in their study. In contrast, Singh
et al. [14] identified Acinetobacter baumannii (43%) and
Klebsiella pneumoniae (23%) as the most common pathogens.

In our study, S. maltophilia was identified as a causative
agent in 17.5% of VAP cases, making it the second most
common isolate. Notably, infections caused by S. maltophilia
have been increasing globally in recent years [15—17]. The
unique characteristics of our patient population, including im-
munosuppression, open wounds, multiple interventions and
the frequent use of medical devices and implants, likely con-
tributed to their susceptibility to S. maltophilia infections.

Overall, 90% of the pathogens identified in our study were
Gram-negative, with Klebsiella pneumoniae being the most
frequently isolated bacterium.

Several factors have been identified in the literature as con-
tributing to the risk of VAP following pediatric cardiac surgery.
Prolonged CPB and the use of TPN have been associated with
higher rates of VAP [4]. Additional factors such as lower
albumin levels (<35 g/L), extended mechanical ventilation
(>7 days), multiple tracheal intubations (>3), prolonged CPB
(>100 minutes) and extended aortic occlusion times (>60 min-
utes) have also been highlighted as risk factors [13]. Antalova
et al. [18] further reported that the duration of mechanical
ventilation, enteral feeding and the presence of cardiovascular
disease were independent predictors of VAP.

In our study, we identified several risk factors associated
with the development of VAP, which included high RACHS-
1 scores, prolonged ECMO use, CVC usage lasting 14 days
or more, mechanical ventilation dependency for 10 days or
longer, the need for TPN and delayed sternal closure of at least
two days. These findings suggest that specific interventions,
such as minimizing the duration of mechanical ventilation
through fast-track procedures, ensuring timely sternal closure
to reduce exposure, limiting the use of CVCs to the shortest du-
ration necessary, and carefully monitoring the administration
of TPN to prevent associated complications, may help reduce
the incidence of VAP in pediatric intensive care units following
cardiac surgery.

Mortality associated with VAP remains a significant concern
[4, 11, 14], and conflicting results have been reported in current
literature. For instance, Shaath ef al. [4] reported a mortality
rate of 11% among VAP cases, whereas Roeleveld et al. [11]
observed no mortality in their cohort of 11 VAP patients.
Comparatively, our present study identified a VAP-related
mortality rate of 20%, which may be attributed to the severity
of the patients’ conditions and the presence of pre-existing
comorbidities.

This study has several limitations, including a small sample
size, restriction to a single center and retrospective design, all
of which may limit the generalizability of the findings.

5. Conclusions

VAP remains a significant cause of morbidity and mortality
in PCICUs following congenital heart surgery, with gram-
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negative bacteria identified as the predominant pathogens in
children with CHD who develop VAP after surgery. The key
risk factors associated with an increased risk of VAP in these
cases include high RACHS-1 scores, ECMO use, prolonged
dependence on mechanical ventilation, extended CVC usage,
delayed sternal closure and the need for TPN.
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