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Abstract- Congenital heart disease (CHD) is the most common congenital abnormality in children and often
requires surgical intervention. These children are vulnerable to nosocomial infections (NIs), particularly
bloodstream infections (BSIs), after surgery. In this study, we aimed to investigate the incidence of bloodstream
infections BSls after cardiac surgery. This retrospective study was conducted on pediatric patients refered to
Children’s Medical Center Hospital, affiliated with Tehran University of Medical Sciences, from March 2022
to March 2023 for cardiac surgery. The records of 449 patients were reviewed, with 436 meeting inclusion
criteria. Data were extracted from medical records, including age, weight, gender, clinical diagnoses, and blood
culture results. Statistical analysis was performed using descriptive statistics (including frequency, percentage,
mean, and standard deviation) and inferential statistics (including Chi-square and Independent t-test) in SPSS
version 23. The results showed that the incidence of BSIs in pediatric CHD patients after cardiac surgery was
3.21%. Postoperative blood cultures revealed that Klebsiella pneumoniae was the most common pathogen
(42.9%), followed by Escherichia coli and Staphylococcus epidermidis (14.3% each). No significant
association was found between BSIs and gender (P=0.70), weight (P=0.06), or diagnosis (P=0.44). However,
age was significantly associated with BSI incidence (P<0.001). This study provides important insights into the
incidence of nosocomial BSls in pediatric CHD patients after cardiac surgery. Our results highlight the need
for stronger infection control measures and targeted antibiotic therapies to effectively manage BSIs. Further
research is recommended to validate these results and improve preventive measures in pediatric cardiac units.
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Introduction

Congenital heart disease (CHD) is the most common
type of congenital disorder in children. The prevalence of
CHD is estimated to be between 6 and 13 subjects per
1000 live births. Half of the children with CHD will
require surgical intervention in their lifetime. Also, many
of these children need surgery during the first year of their
life (1,2). These children are highly susceptible to
infections. The occurrence of infection is a critical factor
that negatively influences their prognosis, rehabilitation,
and recovery process following surgery (3).

Nosocomial infections (NIs) are infections that a
patient acquires during their stay in a healthcare facility
(4). Postoperative Nls are defined as cases of hospital-
acquired infection diagnosed after surgery, with no
evidence that the infection was present or incubating at
the time of surgery (5). Previous studies showed that NIs
are one of the major causes of bad prognosis, mortality,
and prolonged hospital stay (1,6).

A study in China reported an incidence rate of 2.10%
for Nlis after pediatric CHD surgery (3). The results of
another study in China showed that the prevalence of NIs
in these children was 10.80% (7). According to a study
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conducted in Mashhad, Iran, the prevalence of NIs in
children with CHD undergoing cardiac surgery was
11.96% (1).

The most common types of Nls include urinary tract
infections, lower respiratory tract infections, surgical site
infections, and bloodstream infections. Nosocomial
bloodstream infections (BSIs) are considered more
critical than other types of Nls due to their severity and
impact on patient outcomes. BSIs are associated with
higher mortality rates and longer hospital stays compared
to other nosocomial infections (8,9).

The incidence of BSIs in pediatric intensive care units
(PICUs) is higher than in other wards due to the frequent
use of invasive procedures such as indwelling catheters,
invasive monitoring, and utilization of central venous
(CV) lines. These invasive procedures and medical
equipment are an inevitable part of advanced therapeutic
interventions in PICUs to save the lives of patients, but
they breach the normal host defense mechanisms, making
them prone to BSIs (10,11). Each of the invasive
interventions can contribute to BSIs, depending on the
aseptic condition, methods of care, and infection control
policies in every health facility. Given the fact that many
of the children with CHD underwent cardiac surgery in
their first year of life, it should be noted that they are
highly susceptible to BSIs due to the lack of immune
system evolution (12).

The symptoms of infections in infants are usually
nonspecific, and deciding to use broad-spectrum
antibiotics is difficult (13). The length of hospital stays
and costs for medical care are associated with the
development of Nls. Also, the mortality rate in patients
with Nls is significantly higher (14). A good knowledge
of epidemiology and the incidence of common germs can
help us make the right decisions to reduce and control
BSls. Also, a comprehensive epidemiological knowledge
of responsible germs will make antibiotic prophylaxis
more accurate and effective. Our literature review
showed that a few studies were conducted about this
issue. These studies had some limitations, such as a small
number of samples and errors in data collection (1). This
study aimed to assess the incidence of post-cardiac
surgery BSls.

Materials and Methods

Study design

This retrospective study was conducted on pediatric
patients with CHD referred to Children’s Medical Center
Hospital, affiliated with Tehran University of Medical
Sciences, Iran, from March 2022 to March 2023. In this
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study, we reviewed the medical files and records of all
449 patients who were admitted for open heart surgeries.

Setting

The admission process for patients undergoing
cardiac surgery in Children’s Medical Center Hospital
begins with their hospitalization in Surgery Ward 2. In
this ward, various preoperative tests, including blood
tests, chest X-rays, echocardiograms, and other
prerequisites for cardiac surgery, are conducted. Children
are transferred from Surgery Ward 2 to the operating
room and from there to the Open Heart Intensive Care
Unit.

Inclusion and exclusion criteria

The inclusion criteria were all the admitted patients
for cardiac surgery. The exclusion criteria were the
presence of positive blood culture prior to the surgery,
incompleted medical records, and expired patients before
or during surgery.

Data collection

Data collection was carried out based on the patients'
medical records. Demographic information, including
age, gender, weight, and diagnosis, was recorded. The
blood cultures and other laboratory test results were
recorded based on the medical records.

Data analysis

Data analysis was performed using Statistical Package
for the Social Sciences (SPSS) software version 23.
Descriptive statistics (including frequency, percentage,
mean, and standard deviation) and inferential statistics
(including chi-square and independent t-test) were used
to analyze and report demographic variables and clinical
data.

Results

We reviewed the data of 449 patients, of which we
excluded the incomplete medical information of 13
patients. The blood culture results showed that no patient
had a positive culture before surgery. Therefore, the
results of 436 patients were examined. Table 1 shows the
demographic characteristics of the patients and their
association with having a positive blood culture after
surgery. The mean age of patients was 836.85+195.28
days. The mean weight of patients was 20.22+16.29
kilograms. Most of the patients were male (241, 55.28%).
The most common diagnoses in patients were ventricular
septal defect (111, 25.5%), atrial septal defect (84,



19.3%), and atrioventricular septal defect (39, 8.9%). The
results showed that gender (P=0.70), weight (0.06), and
diagnosis (0.44) had no statistically significant
association with the incidence of BSls. The results
showed a statistically significant association between the
age and incidence of BSls (P<0.001).

Table 2 shows the prevalence of various
microorganisms in blood cultures of patients. Of 436
patients, 14 had positive blood cultures after cardiac
surgery. The incidence of postoperative BSIs was 3.21%.
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The most common organism found in the blood cultures
was a gram-negative organism called Klebsiella
pneumoniae, accounting for 42.9% of positive cultures.
The next most common organisms were Escherichia coli
and Staphylococcus epidermis, with an equal proportion
of 14.3%. Four other gram-negative organisms, including
Serratia  marcescense, Pseudomonas  aeruginosa,
Enterobacter cloacae, and Klebsiella, all accounted for
7.1%.

Table 1. Demographic characteristics of the patients and their association
with incidence of BSIs

Characteristic Frequency (%)/Mean+SD Positive blood culture
Age (Days) 836.85 + 195.28 P<0.001"
Gender

Male 241 (55.28) P=0.70""
Female 195 (44.72)

Weight (Kilograms) 20.22 +16.29 P=0.06"
Diagnosis

ASD 84 (19.3)

AVSD 39 (8.9)

COA 23(5.3)

PDA 25(5.7)

PS 112.5) -
Single ventricular 30 (6.9) P=0.44
TAPVC 14 3.2)

TGA 16 3.7)

TOF 33(7.6)

VSD 111 (25.5)

Others 50 (11.5)

ASD: Atrial septal defect; AVSD: Atrioventricular septal defect; COA: Coarctation of the Aorta; PDA:

Patent ductus arteriosus; PS: Pulmonary stenosis; TAPVC: Total Anomalous Pulmonary Venous
Connection; TGA: Transposition of the great vessels; TOF: Tetralogy of Fallot; VSD: Ventricular

septal defect
* Independent t-test ** Chi-square

Table 2. Prevalence of microorganisms in blood cultures

Gram Positive Organism Gram negative organism Frequency Percentage
Klebsiella Pneumoniae 6 42.9%
Escherichia Coli 2 14.3%
Staphylococcus epidermidis 2 14.3%
Serratia Marcescens 1 7.1%
Pseudomonas Aeruginosa 1 7.1%
Enterobacter Cloacae 1 7.1%
Klebsiella 1 7.1%

Discussion

The aim of this study was to assess the incidence of
BSls after cardiac surgery and the type of microbial
pathogens that cause them. In this regard, we examined
the medical information of 436 patients. The incidence of
BSls in children undergoing cardiac surgery was reported
to be 3.21% in our study. Previous studies have reported
mixed results on this topic. In a study in Shiraz, Iran, the

prevalence of BSIs was 15% in pediatric wards (15). The
results from a study in a children's hospital in Kenya
found a prevalence rate of 21% for BSls (16). A similar
study in a children's hospital in Indonesia found an
incidence rate of 2%, which is in line with our results
(17). Similar to our study, the results of a study in
Pakistan showed that out of 1147 children, BSIs were
detected in 42 cases, showing a prevalence of 3.66% (18).

The incidence of BSIs varies between previous
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studies due to several potential factors. Effective
infection control practices, including adherence to hand
hygiene, aseptic techniques, and appropriate use of
personal protective equipment, are crucial in reducing
infection rates (19,20). The frequency and management
of invasive procedures, such as central line insertions,
influence infection incidence, particularly when sterile
techniques are not appropriately applied (21). Moreover,
hospital infrastructure, staffing levels, and environmental
hygiene play significant roles in infection control (22).

According to our results, Klebsiella pneumoniae was
the most common organism in the positive blood cultures.
Klebsiella pneumoniae is a gram-negative, encapsulated,
nonmotile bacterium found in the environment. This
pathogen accounts for 3 to 8% of all NlIs in United States
of America (23). In a study in United Arab Emirates, the
results showed that in infants with early-onset sepsis,
Klebsiella pneumoniae was the most common organism
(24). A similar study in China showed that Klebsiella
pneumoniae was the most common cause of BSls, which
is consistent with our results (25).

In our study, Escherichia coli was found to be the
second most common causative agent of BSIs.
Escherichia coli is a gram-negative bacillus known to be
part of the normal intestinal flora, but some strains can
cause NIs in humans. The urinary tract is the most
common extraintestinal site of infection caused by
Escherichia coli. It should be noted that the BSIs caused
by Escherichia coli are often the result of a primary
Escherichia coli infection elsewhere (26). Similar to our
results, in a study in Taiwan, it was reported that
Escherichia Coli is the most common organism causing
BSls (27). In another study in China, Escherichia coli,
Staphylococcus aureus, and Klebsiella pneumoniae were
the most common organisms causing BSIs, which is
consistent with our results (28).

The third most common agent of BSIs in our study
was found to be Staphylococcus epidermidis. This
organism is a commensal bacteria found on human skin
and mucous membranes, but it has emerged as a
significant opportunistic pathogen. It is the most
frequently isolated coagulase-negative staphylococcus
and has become a major cause of implant-associated
infections, leading to BSIs (29,30). Consistent with our
results, in a study in Italy, the most prevalent agents of
BSls were escherichia Coli, Staphylococcus aureus, and
Staphylococcus epidermidis (31). A similar study in Iran
reported that Staphylococcus epidermidis was the most
common microorganism causing BSIs, which is similar
to our results (15).

The lack of significant correlation between gender

230 Acta Medica Iranica, Vol. 62, No. 4 (2024)

and BSils aligns with previous research, suggesting that
gender may not be a critical determinant in infection
susceptibility (32). The borderline result for weight
suggests that while weight may have some influence, it
was not strong enough in this study to reach statistical
significance. This finding warrants further investigation,
especially in larger sample sizes, to clarify the potential
impact of weight on BSI risk. The significant association
between age and BSI incidence underscores the
vulnerability of certain age groups to infections, which
could be due to age-related factors such as immune
system immaturity in younger populations or immune
decline in older individuals. This result is consistent with
existing literature that identifies age as a key risk factor
for BSIs (32,33). Targeted strategies, such as age-specific
infection prevention protocols, may be necessary to
mitigate the risk of BSIs in vulnerable age groups. Future
studies should explore the underlying mechanisms by
which age influences BSI susceptibility and investigate
potential interventions tailored to different age groups.

Limitations

This study is one of the few studies conducted in Iran
on BSIs after pediatric cardiac surgery. Our results
provide further evidence on the frequency of BSIs and the
type of pathogens that cause them. This knowledge can
improve our understanding of antibiotics that could be
used for treatment or prophylaxis. However, our research
had several limitations. First, this study was conducted in
only one center. Therefore, our results may not be
generalizable to other centers. Second, the retrospective
nature of this study may introduce bias, as it relies on the
accuracy of medical records for data collection. It is
recommended to conduct prospective studies to obtain
more accurate data and to explore the association between
medical procedures and patient connections with the
incidence of bloodstream infections. Such studies could
contribute to a more precise identification of factors
influencing the risk of bloodstream infections and lead to
the improvement of prevention and treatment protocols.

This study demonstrated an incidence rate of 3.21%
for nosocomial bloodstream infections (BSIs) in pediatric
patients with congenital heart disease (CHD) following
cardiac surgery. Klebsiella pneumoniae emerged as the
most prevalent pathogen, followed by Escherichia coli
and Staphylococcus epidermidis. The results showed that
while gender, weight, and diagnosis were not
significantly associated with BSls, age was a key factor
contributing to increased susceptibility. These findings
emphasize the critical need for targeted infection control



strategies, particularly focusing on younger patients who
are more vulnerable. Given the severity of BSIs and their
impact on patient outcomes, it is critical to improve
infection control practices, particularly regarding
invasive procedures, and optimize antibiotic prophylaxis
to prevent these infections. Further multicenter studies
are recommended to validate these findings and enhance
infection prevention strategies across various healthcare
settings.
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