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Abstract

Introduction: We aimed to present the risk factors, clinical and 
laboratory findings, treatment management, and risk factors for 
morbidity and mortality of infective endocarditis (IE) as well as to 
relate experiences at our center.

Method: We retrospectively analyzed data of 47 episodes in 
45 patients diagnosed with definite/possible IE according to the 
modified Duke criteria between May 2000 and March 2018.

Results: The mean age of all patients at the time of diagnosis 
was 7.6±4.7 years (range: 2.4 months to 16 years). The most 
common symptoms and findings were fever (89.3%), leukocytosis 
(80.8%), splenomegaly (70.2%), and a new heart murmur or 
changing of pre-existing murmur (68%). Streptococcus viridans 
(19.1%), Staphylococcus aureus (14.8%), and coagulase-negative 
Staphylococci (10.6%) were the most commonly isolated agents. 

IE-related complications developed in 27.6% of the patients and 
the mortality rate was 14.8%.

Conclusion: We found that congenital heart disease remains 
a significant risk factor for IE. The highest risk groups included 
operated patients who had conduits in the pulmonary position and 
unoperated patients with a large ventricular septal defect. Surgical 
intervention was required in most of the patients. Mortality rate 
was high, especially in patients infected with S. aureus, although 
the time between the onset of the first symptom and diagnosis was 
short. Patients with fever and a high risk of IE should be carefully 
examined for IE, and evaluation in favor of IE until proven otherwise 
will be more accurate. In high-risk patients with prolonged fever, IE 
should be considered in the differential diagnosis.
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This study was carried out at the Department of Pediatric Cardiology, Baskent Uni-
versity School of Medicine, Ankara, Turkey.

In this study, we present the clinical, diagnostic, and 
microbiological characteristics of patients with IE who were 
followed up at a tertiary care hospital that is an important 
pediatric cardiovascular and cardiac surgery center in Turkey.

METHODS

The data of pediatric patients (aged ≤ 18 years) diagnosed 
with definite/possible IE episodes according to the modified 
Duke criteria[2] and followed up at our clinic between May 2000 
and March 2018 were retrospectively analyzed. This study was 
approved by the Ethics Committee of our university (KA17/216-
15.08.2017). The clinical and laboratory findings, demographic 
and echocardiographic characteristics, pathological and culture 
findings, vegetation localization, underlying disease, acquired 

INTRODUCTION

Infective endocarditis (IE), which develops because 
of bacterial, viral, or fungal agents, is an infection of the 
endocardium. Although IE often affects the heart valves, it 
may also cause septal defects or mural endocarditis. IE is less 
common in children than in adults, and it is associated with 
high morbidity and mortality due to prolonged treatment time 
and related complications. The incidence of IE in children is 0.43 
per 100,000 children[1]. Its risk factors include congenital heart 
disease (CHD), rheumatic heart diseases (RHD), and bacteremia 
due to hospital-acquired infections, with CHD being the main 
risk factor. Currently, increased invasive interventions and long-
term use of central venous catheters increase the risk of IE in 
patients without an underlying heart disease.
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Abbreviations, acronyms & symbols

ABV
ALT
APV
AR
ARF
AS
ASD
ASO
AST
AV
AVR
BAV
BCA
BT
C-TGA
CAVSD
CHD
CIED
CoA
CoNS
CRP
CT
DORV
DSM
HACEK

IE

 = Aortic balloon valvuloplasty
 = Alanine aminotransferase
 = Absent pulmonary valve
 = Aortic regurgitation
 = Acute rheumatic fever
 = Aortic stenosis
 = Atrial septal defect
 = Arterial switch operation
 = Aspartate aminotransferase
 = Aortic valve
 = Aortic valve replacement
 = Bicuspid aortic valve
 = Balloon coarctation angioplasty
 = Blalock-Taussig
 = Corrected transposition of the great arteries
 = Complete atrioventricular septal defect
 = Congenital heart disease
 = Cardiac implantable electronic device
 = Coarctation of the aorta
 = Coagulase-negative Staphylococci
 = C-reactive protein
 = Computed tomography
 = Double outlet right ventricle
 = Discrete subaortic membrane
 = Haemophilus species, Aggregatibacter species,
    Cardiobacterium hominis, Eikenella corrodens, 
    and Kingella species
 = Infective endocarditis

IVC
L-AVVR
LA
LVOT
MR
MV
MVR
NICU
PA
PAVSD
PC
PS
PTFE
PV
R-AVV
R-AVVR
RA
RHD
RV–PA
RVOTR
SVC
TEE
TGA
TOF
TTE
TV
VSD

 = Inferior vena cava
 = Left atrioventricular valve regurgitation
 = Left atrium
 = Left ventricle outflow tract
 = Mitral regurgitation
 = Mitral valve
 = Mitral valve replacement
 = Neonatal intensive care unit
 = Pulmonary atresia
 = Partial atrioventricular septal defect
 = Pulmonary conduit
 = Pulmonary stenosis
 = Polytetrafluoroethylene
 = Pulmonary valve
 = Right atrioventricular valve
 = Right atrioventricular valve regurgitation
 = Right atrium
 = Rheumatic heart diseases
 = Right ventricular–pulmonary artery
 = Right ventricular outflow tract reconstruction
 = Superior vena cava
 = Transesophageal echocardiography
 = Transposition of the great arteries
 = Tetralogy of Fallot
 = Transthoracic echocardiography
 = Tricuspid valve
 = Ventricular septal defect

heart valve diseases, central catheter or cardiac implantable 
electronic device (CIED) use, previous surgical interventions, 
complications, transthoracic echocardiography (TTE) and 
transesophageal echocardiography (TEE) findings, history of 
broad-spectrum antibiotic use, history of hospitalization in 
a long-term intensive care unit, and length of hospital stay 
were evaluated in all patients. Furthermore, the erythrocyte 
sedimentation rate, C-reactive protein (CRP) level, complete 
blood count, and liver and kidney functions were examined 
before and after treatment. TTE was performed in all patients, 
and TEE and/or multislice computed tomography (CT) was 
performed if needed.

CHD, which was included in the risk group, was examined in 
two subgroups, i.e., simple and complex CHD. Other risk factors 
included acquired heart disease, malignancy, history of broad-
spectrum antibiotic use, history of hospitalization in a long-
term intensive care unit, and use of central catheter or CIEDs for 
another disease.

Patients who met the pathological criteria according to the 
modified Duke criteria and those who met two major criteria, one 
major and three minor criteria, or five minor criteria according to 
the clinical criteria were considered to have definite IE, whereas 

those who met one major and one minor criterion or three minor 
criteria were considered to have possible IE. Repeated IE occurrence 
after the treatment of the first episode was defined as recurrent 
IE. In cases in which the appearance of endocarditis symptoms or 
positive blood cultures was observed 48 h after admission or in 
which IE was diagnosed within eight weeks after cardiac surgery or 
catheterization, the patients were considered to have nosocomial IE.

Statistical Analysis

Statistical analysis was performed using the PASW version 
17.0 software (SPSS Inc., Chicago, Illinois, United States of 
America). Descriptive statistics were expressed as mean 
± standard deviation and frequency. A P-value < 0.05 was 
considered statistically significant.

RESULTS

Demographic Characteristics

A total of 47 IE episodes were detected in 45 patients. Among 
these IE episodes, 34 (72.3%) were definite and 13 (27.6%) were 
possible IE episodes according to the modified Duke criteria. The 
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mean age of the patients at the time of diagnosis was 7.6±4.7 
years (range: 2.4 months to 16 years). In addition, 36 IE episodes 
(76.6%) were noted in males and 11 (23.4%) in females. Eight 
patients (17%) were aged < 1 year, seven (14.8%) were aged 
2–5 years, 20 (42.5%) were aged 6–10 years, and 12 (25.5%) were 
aged 11–18 years.

At least one risk factor was observed in all IE episodes, 
with the most common risk factor being CHD (n=41, 87.2%). 
Furthermore, 22 IE episodes (46.8%) involved complex CHD 
and 19 (40.4%) involved simple CHD. The most notable CHD 

included patients who underwent surgery and had conduit 
insertion at the pulmonary position (29.8%) as well as those with 
untreated ventricular septal defect (VSD) (23.4%) (Table 1). Risk 
factors other than CHD included heart valve disease associated 
with RHD in three patients (6.4%), a history of long-term central 
catheterization and follow-up after broad-spectrum antibiotic 
therapy in two patients (4.3%), and a history of permanent 
dialysis catheter inserted into the right subclavian vein in one 
patient (2.1%). Three patients had a prosthetic valve; one of these 
patients underwent aortic valve replacement due to severe aortic 

Table 1. Diagnosis of patients and surgical procedures before infective endocarditis episodes.

Diagnosis Surgical Foreign material Vegetation area

VSD No MV, VSD-left side

VSD No VSD-right side

VSD No Native-PV

VSD No TV, PV

VSD No MV

VSD No TV

VSD No TV

VSD No TV

VSD No TV, PV

VSD No Abscess between the RA and aorta

VSD No VSD-right side

VSD VSD-repair TV

PAVSD, MR, TR, DSM PAVSD-repair AV

TOF TOF-complete repair VSD patch-right side

TOF Modified BT shunt PTFE graft TV

TOF TOF-complete repair Biological valved conduit PC

TOF, atrioventricular block TOF-complete repair
Biological valved conduit, dual 

chamber pacemaker lead
PC

BAV, AS
Modified Konno, AVR, 

MVR
Prosthetic MV and AV Prosthetic MV

BAV, AS, MR ABV AV

BAV, AS, AR Ross Biological valved conduit AV

BAV, AS, MR ABV AV

CoA, DSM BCA MV

DSM, AR DSM resection LVOT, AV

TGA, ASD ASO, ASD-repair LVOT, AV

TGA, ASD ASO, ASD-repair MV, LA

TGA, VSD, ASD, PS (mild) ASO, VSD and ASD-repair Absent vegetation

TGA, VSD, ASD, PS (mild) ASO, VSD and ASD-repair AV, PV

TGA, VSD, ASD, PS Rastelli surg, ASD-repair Biological valved conduit PC
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insufficiency associated with RHD, one underwent mitral valve 
replacement due to severe mitral valve insufficiency associated 
with RHD, and one underwent aortic valve replacement after 
balloon valvuloplasty due to bicuspid aortic valve disease 
and aortic valve stenosis. The time between prosthetic valve 
replacement and IE in these patients was three months, two 
years, and eight years, respectively. One patient developed 
complete atrioventricular block after surgery to repair tetralogy 
of Fallot and had a dual-chamber pacemaker.

Notably, 25.5% of the patients had a history of infection in the 
month before IE. Of these, three patients had pneumonia, two 
had acute gastroenteritis, one had open wound infection, and six 
had untreated dental caries. Furthermore, 59.6% of the patients 
had undergone open heart surgery for CHD or acquired heart 
disease and 6.4% received a therapeutic intervention before the 
IE episodes. In our study, 10% of the IE episodes developed in the 
initial six months after cardiac surgery. The mean time between 
previous surgery and/or therapeutic intervention and IE attack 

TGA, VSD, ASD, PS Rastelli surg, ASD-repair Biological valved conduit PC

TGA, VSD, ASD, PS Modified BT shunt PTFE graft Native-PV

DORV, VSD, PS
Rastelli surg, RVOTR with 

conduit
Biological valved conduit PC

DORV, VSD, PS
Rastelli surg, RVOTR with 

conduit
Biological valved conduit PC

DORV, VSD, PS
Rastelli surg, RVOTR with 

conduit
Biological valved conduit TV

DORV, VSD Pulmonary banding Absent vegetation

APV, VSD
RVOTR with conduit, VSD 

repair
Biological valved conduit PC

APV, VSD
RVOTR with conduit, VSD 

repair
Biological valved conduit PC

PA, VSD
RVOTR with conduit, VSD 

repair
Biological valved conduit PC

PA, VSD
RVOTR with conduit, VSD 

repair
Biological valved conduit PC

Truncus arteriosus Type 1
RVOTR with conduit, VSD 

repair
Biological valved conduit PC

C-TGA, VSD, PS, 
dextrocardia

RVOTR with conduit, VSD 
repair

Biological valved conduit PC

CAVSD, L-AVVR, R-AVVR No R-AVV

Chronic kidney failure No Dialysis catheter TV

Premature-NICU hosp No Central catheter RA fungus ball

Chronic malnutrition No Central catheter IVC-RA fungus ball

ARF, AR, MR No AV

ARF, MR, AR MVR Prosthetic MV LA

ARF, AR AVR Prosthetic AV Prosthetic AV

ABV=aortic balloon valvuloplasty; APV=absent pulmonary valve; AR=aortic regurgitation; ARF=acute rheumatic fever; AS=aortic 
stenosis; ASD=atrial septal defect; ASO=arterial switch operation; AV=aortic valve; AVR=aortic valve replacement; BAV=bicuspid aortic 
valve; BCA=balloon coarctation angioplasty; BT=Blalock-Taussig; C-TGA=corrected transposition of the great arteries; CAVSD=complete 
atrioventricular septal defect; CoA=coarctation of the aorta; DORV=double outlet right ventricle; DSM=discrete subaortic 
membrane; IVC=inferior vena cava; L-AVVR=left atrioventricular valve regurgitation; LA=left atrium; LVOT=left ventricle outflow 
tract; MR=mitral regurgitation; MV=mitral valve; MVR=mitral valve replacement; NICU=neonatal intensive care unit; PA=pulmonary 
atresia; PAVSD=partial atrioventricular septal defect; PC=pulmonary conduit; PS=pulmonary stenosis; PTFE=polytetrafluoroethylene; 
PV=pulmonary valve; R-AVV=right atrioventricular valve; R-AVVR=right atrioventricular valve regurgitation; RA=right atrium; 
RVOTR=right ventricular outflow tract reconstruction; TGA=transposition of the great arteries; TOF=tetralogy of Fallot; TV=tricuspid 
valve; TR=Tricuspid regurgitation; VSD=ventricular septal defect
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was 4.5±3.7 years (minimum: 3.6 months; maximum: 13 years). 
Moreover, 34% of the patients had no history of interventional 
cardiac procedures or cardiac surgery before IE.

IE episodes were community-acquired in 44 patients (93.6%), 
and IE was associated with intracardiac foreign bodies in five 
patients. Three patients had hospital-acquired IE. Two of the 
latter patients were followed up after central catheterization 
with broad-spectrum antibiotic therapy in the intensive care 
unit, but echocardiographic examination (performed because 
of reproduction of Candida albicans in repeated blood cultures) 
revealed a fungus ball.

Fourteen IE episodes occurred in patients with a biological 
valved conduit in the pulmonary position. All were bovine 
jugular vein conduits (ContegraTM Pulmonary Valved Conduit, 
Medtronic, Minneapolis, United States of America). None of the 
patients had received a homograft in the pulmonary position.

In 55.3% of the patients, diagnosis could be performed in the 
initial 10 days after the onset of symptoms. The mean time from 
the onset of the first symptom to diagnosis was 10.9 days (range: 
4–32 days). An increase in the incidence of IE has been observed 
after 2010, with 31 patients (66%) being diagnosed between 
2011 and 2017.

Clinical Finding

The most common symptoms and signs detected in the 
patients were fever (≥ 38 °C) (89.3%), leukocytosis (80.8%), 
splenomegaly (70.2%), new heart murmur or changing of pre-
existing murmur (68%), fatigue (61.7%), and anorexia (55.3%). 
The mean erythrocyte sedimentation rate was 45.6 mm/h 
(range: 8–86 mm/h), and the mean CRP was 74.6 mg/dl (range: 
10–130 mg/dl) (Table 2). Congestive heart failure was noted in 
14.9% of the patients at the time of diagnosis. Accompanying 
immunological and vascular phenomena included septic 
pulmonary embolism in 14.9% of the IE episodes, rheumatoid 
factor positivity in 12.7%, pulmonary embolism in 10.6%, Janeway 
lesions in 10.6%, splinter hemorrhages in 8.5%, and major arterial 
embolism in 8.5%.

Echocardiography

Vegetation was observed via TTE in 40 patients (85.1%) with IE 
episodes (Figure 1) and via TEE in five of seven without vegetation 
observed on TTE. These seven patients showed growth of the 
causative microorganism in their blood cultures. Two patients who 
did not show vegetation on TTE and TEE were treated as patients 
with IE because they showed microorganism growth in repeated 
blood cultures and IE diagnosis was supported based on meeting 
the minor criteria. In IE, vegetation was observed in the right heart 
structures in 62.2% of the patients, in the left heart structures in 
31.1%, and in structures of both sides in 4.4% (Table 3).

Causative Microorganisms

In 68.1% of the IE episodes (32 patients), growth of the 
causative microorganism in blood culture was observed. 
Streptococcus viridans (19.1%), Staphylococcus aureus (14.8%), 
and coagulase-negative Staphylococci (CoNS) (10.6%) were 

the most commonly isolated agents (Table 4). Central 
catheterization was associated with IE in one of five patients 
with coagulase-negative staphylococcal endocarditis. In 31.9% 
of the IE episodes, no microorganism growth in blood culture 
was observed. Microorganisms from the Haemophilus species, 
Aggregatibacter species, Cardiobacterium hominis, Eikenella 
corrodens, and Kingella species (HACEK) group were detected 
in two patients. Eikenella corrodens reproduction was detected 
in one patient and Cardiobacterium hominis reproduction in the 
other. C. albicans-induced fungus balls were detected in two 
patients who were followed up after central catheterization with 
broad-spectrum antibiotic therapy. Furthermore, 60% of patients 
with culture-negative IE received antibiotic treatment before the 
blood culture test.

Prognosis

In two patients, IE recurred within a six-month interval. Of 
these, one patient underwent arterial switch operation following 
the diagnosis of transposition of the great arteries (TGA), VSD, 
and atrial septal defect (ASD). In blood cultures, CoNS and 

Fig. 1 – In a patient with a permanent dialysis catheter, vegetation 
is observed on the tricuspid valve.
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Table 2. Clinical and laboratory features of patients with infective endocarditis episode.

Endocarditis episode (n=47) Mean (min-max) n (%)

Female/male 11/34

Age of patients (years) 7.6 years (72 days-16 years)

Fever (≥ 38°C) 42 (89.3)

Splenomegaly 33 (70.2)

New murmur/change of murmur 32 (68)

Body weight loss in patients 18 (38.2)

Hepatomegaly 16 (34)

Hematuria 10 (21.2)

Arthritis/arthralgia 4 (8.5)

Leukocytosis 38 (80.8)

Erythrocyte sedimentation velocity (mm/h) 45.6 (8-86)

C-reactive protein (mg/dl) 74.6 (10-130)

Anemia According to age 18 (38.3)

Tachycardia According to age 22 (46.8)

Cough 20 (42.5)

Debility 29 (61.7)

Myalgia 10 (21.3)

Abdominal pain 3 (6.4)

Anorexia 26 (55.3)

Dyspnea 14 (29.8)

Chest pain 8 (17)

Rheumatoid factor positivity 6 (12.7)

Janeway lesion 5 (10.6)

Glomerulonephritis 3 (6.4)

Osler nodule 2 (4.2)

Roth spot 3 (6.4)

Splinter hemorrhage 4 (8.5)

AST elevation 2 (4.2)

ALT elevation 5 (10.6)

Creatinine elevation 1 (2.1)

Headache 2 (4.2)

Vomiting 2 (4.2)

ALT=alanine aminotransferase; AST=aspartate aminotransferase

Enterococcus faecalis growth was noted. One patient who 
had undergone total surgical correction using conduit had a 
double-outlet right ventricle, VSD, and pulmonary stenosis (PS). 
This patient underwent a second conduit replacement due to 
conduit vegetation. In blood cultures, CoNS and S. aureus growth 
was noted.

Congestive heart failure developed in one patient while 
receiving antibiotic treatment following the diagnosis of VSD 

and pneumonia. Echocardiographic examination of this patient 
revealed a 20-×25-mm abscess between the right atrium and 
aorta. In blood culture, vancomycin-resistant S. aureus growth 
was noted. In this patient, while receiving antibiotic and 
anticongestive therapies, septic shock developed within a short 
period and the patient died despite all interventions. All patients 
were treated with antibiotic treatment. In addition to antibiotic 
treatment, 37 of the IE episodes (78.7%) were treated with surgical 
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Table 3. Vegetation location and frequency.

Vegetation location n (%)

Pulmonary valve 16 (30.7)

Tricuspid valve 10 (19.2)

Aortic valve 10 (19.2)

Mitral valve 5 (9.6)

Right ventricle 3 (5.7)

Right atrium 3 (5.7)

Left ventricle 3 (5.7)

Left atrium 1 (1.9)

Inferior vena cava 1 (1.9)

Total 52 (100)

Note: Some patients had vegetation in multiple areas.

Table 4. Microorganisms isolated in infective endocarditis episode.

Microorganisms Endocarditis episode (n) Incidence (%)

Streptococcus viridans 9 19.1

Staphylococcus aureus 7 14.8

Methicillin-resistant 4

Methicillin-sensitive 3

Coagulase-negative staphylococci 5 10.6

Methicillin-resistant 3

Methicillin-sensitive 2

Eikenella corrodens 1 2.1

Cardiobacterium hominis 1 2.1

Pseudomonas aeruginosa 2 4.2

Candida albicans 2 4.2

Enterococcus fecalis 2 4.2

Brucella melitensis 1 2.1

Escherichia coli 1 2.1

Burkholderia cepacia 1 2.1

Culture negative endocarditis 15 31.9

Total 47 100

intervention. The mean duration of preoperative antibiotic use 
was 8.5±2.2 days (range: 5–12 days). Surgical indications were 
determined to be the removal of infected prosthetic material 
in 14 patients, intervention for CHD accompanying IE in 11, 
removal of large and mobile vegetation in seven, severe valve 
dysfunction in four, and removal of fungus ball in two.

IE-related complications developed in 27.6% of the patients 
(Table 5). Left hemiparesis due to intracranial embolism 
developed in two patients and total occlusion in the right 
superior vena cava in one patient. The mean length of hospital 
stay of all patients was 44.6±9.7 days (range: 18–65 days). 
Additionally, 77.7% of the patients recovered without any 
sequelae with antibiotic and/or surgical treatment, but 14.8% of 
the IE episodes resulted in death. S. aureus reproduced in three of 
seven cases that resulted in death.

DISCUSSION

IE is more common in adults than in children. However, 
as a result of the increase in invasive surgery and medical 
interventions, particularly for cardiovascular diseases, the 
incidence of IE in children has started to increase[3]. Because 
of a decrease in the incidence of RHD-associated heart valve 
diseases in children in developed countries, IE usually develops 
secondary to CHD[3-5]. However, in these countries, while there 
has been a decrease in the number of patients with underlying 
RHD-associated heart valve disease, there has been a significant 
increase in the incidence of prosthetic valve endocarditis[6,7]. 
Reportedly, IE involvement in native pulmonary valve is very 
rare[8,9]. In our study, the underlying risk factor for IE was CHD in 
85% of the IE episodes. RHD was a risk factor in a small proportion 
of our patients (6.4%), possibly because our center is a reference 
center for CHD. In the literature, pediatric patients diagnosed with 
IE are accompanied by CHD with a range of 41.7%–81%[4,5,10-14].
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Table 5. Complications in patients with infective endocarditis 
episode.

Patients (n=13) n (27.6%)

Heart failure 7 (14.9%)

Septic pulmonary infarction 7 (14.9%)

Pulmonary embolism 5 (10.6%)

Pneumonia 5 (10.6%)

Pleural effusion 4 (8.5%)

Major arterial embolism 4 (8.5%)

Intracranial embolism 3 (6.4%)

Pericardial effusion 3 (6.4%)

Left hemiparesis 2 (4.2%)

Hemoptysis 1 (2.1%)

Mycotic aneurysm 1 (2.1%)

Convulsion 1 (2.1%)

Paresthesia in the left leg 1 (2.1%)

Altered mental status 1 (2.1%)

SVC occlusion 1 (2.1%)

Tricuspid valve injury 1 (2.1%)

Note: Some patients have multiple complications.
SVC=superior vena cava

In many studies, the risk of IE in CHDs was found to be higher 
in the left heart structures[15-17]. In contrast to findings reported in 
the literature, vegetation in IE was determined mostly in the right 
heart structures in most of our patients (62.2%).

In epidemiological studies, the incidence of IE in the general 
population has been calculated to be 15–60/1,000,000 individuals 
per year in adults and 3.9–6.4/1.000.000 individuals-year in 
children[18,19]. While the incidence of IE is 11/10,000 individuals-
year in adults with CHD, this rate was reported to be three times 
lower (4.1/10,000 individuals-year) in the pediatric group[15,17]. In a 
study by Rosenthal et al.[3], the predisposing factor was identified 
as heart disease in 72% of patients with IE. In the literature, the 
incidence of IE in CHD has been reported to be 35%–51% in 
children with complex, cyanotic CHD[5,12,13]. In our study, the 
incidence of CHD was as high as 85% probably because children 
with CHD are monitored more intensively at our center.

Although a gradual improvement in surgical treatments for 
CHD has led to prolonged survival in these patients, it has also 
increased the risk of long-term complications such as IE. Rushani 
et al.[15] reported that children with CHD aged < 3 years had a 
relatively high risk of IE within six months after cardiac surgery, 
and this risk has increased by five times in these patients. 
Approximately 60% of our patients had a history of cardiac 
surgery before IE, with 10% of the IE episodes developed in the 
initial six months after cardiac surgery.

In recent years, with the improvements in surgical techniques, 
the survival rate in patients with CHD has increased. Increase 
in IE incidence has been observed with intracardiac prosthetic 
valve replacement, pacemaker implantation, and increased 
endovascular treatment[20,21]. The prosthetic material not only 
provides a surface that is susceptible to bacterial colonization 
but it is also often difficult to sterilize[15]. Complications such as 
abscess formation are considered to be more common in cases 
of prosthetic valve IE, but perivalvular abscess was not observed 
in the biological valved conduit or prosthetic valve cases in our 
study. In a study by Khoo et al.[14] involving 138 IE cases, 19.6% of 
patients had previously undergone a heart valve replacement. 

In our study, biological valved conduit in right ventricular–
pulmonary artery (RV–PA) position in 14 patients, prosthetic 
aortic valve in two patients, and prosthetic mitral valve in one 
patient were important risk factors for IE.

In a study, Day et al.[11] reported that the incidence of 
IE showed a bimodal age distribution wherein it was most 
frequently observed in infants aged between 31 days and 11 
months and in individuals aged 17–20 years. Gupta et al.[1] and 
Johnson et al.[4] found that most patients diagnosed with IE were 
in the 6–18-year age group. Similarly, in our study, 68% of the 
patients were in the 6–18-year age group.

Although Beth Israel and other diagnostic criteria have 
been used for the diagnosis of IE in the past, the modified 
Duke criteria, which have higher sensitivity and specificity, are 
currently used in IE diagnosis[22,23]. Their use results in a higher 
definitive diagnosis rate (range: 70.8%–88%)[10,22-24]. On the other 
hand, in the presence of prosthetic valves or intracardiac devices, 
the sensitivity of the modified Duke criteria is low[25]. In our study, 
the number of patients with a definite diagnosis accounted for 
72.3% of all patients.

The most common symptoms of IE are fever and weight 
loss[13]. In our study, fever was the most common symptom 
followed by weight loss. Because of the early admission of 
pediatric patients, conditions such as Osler’s nodes and splinter 
hemorrhages are less common in children than in adults[13]. 
Similarly, the incidence of these conditions was low in our 
patients. In a study by Martin et al.[13], splenomegaly was detected 
in 7% of patients, whereas its rate was very high in our patients 
(68.9%). In IE cases, vascular and immunological phenomena 
continue to be common (10,26). Issa et al.[27] reported that the 
time from the onset of symptoms to IE diagnosis was 49.6±64.5 
days (range: 1–731 days) and that 25% of cases were diagnosed 
within the initial 10 days after the onset of symptoms. In our 
study, 55.3% of the patients were diagnosed with the conditions 
10 days after the onset of symptoms. The fact that vascular and 
immunological phenomena were lower than those reported 
in the literature may be due to the early diagnosis and early 
treatment of IE.

TTE and TEE are the most important methods of diagnosis, 
treatment, and follow-up of patients with IE[14,20,28,29]. In various 
studies, its sensitivity in IE diagnosis was found to be between 
51% and 70%, respectively[4,5,13,30,31]. Penk et al.[32] reported 
that TTE had a sensitivity of 97% in pediatric patients with IE 
weighing < 60 kg. Although the sensitivity of echocardiography 
has increased in IE diagnosis in recent years, echocardiography 
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TGA, VSD, ASD, and PS. Native pulmonary valve IE was observed 
three months after cardiac surgery, and B. cepacia growth was 
observed in blood cultures. After two-week antibiotic treatment, 
the vegetations on the pulmonary valve were cleared, RV–PA 
connection was achieved with conduit insertion, and the Rastelli 
procedure was performed. To date, B. cepacia has been reported 
as an IE agent only in one newborn[44].

IE-related mortality in the pediatric group is between 4% and 
24%[3-5,11-14,21]. The main factors affecting the prognosis in IE are 
the presence and severity of complications, characteristics of the 
causative microorganism, and echocardiographic findings. High 
risks of morbidity and mortality have been reported in patients 
with congestive heart failure, perianal complications, or S. 
aureus-caused endocarditis[6,10,21]. In these patients, the need for 
surgical treatment in the active stage of the disease is high[6,10,45]. 
The most significant risk factors for mortality in patients with no 
previous heart disease are the neonatal period and S. aureus-
caused endocarditis, which depend more on frequent cardiac 
complications in these patients[5,12,13]. In our study, no specific 
distribution in terms of CHD in patients with mortality was 
observed.

The mortality rate in Candida-caused IE has been reported 
to be approximately 90%[28]. In our study, excision of a fungus 
ball was surgically performed with antifungal treatment in two 
patients with Candida IE, following which full recovery was 
achieved.

The most common complications in our patients were 
congestive heart failure, septic pulmonary embolism, pulmonary 
embolism, and major arterial embolism. Congestive heart failure 
and embolic phenomena were the most significant factors to 
have an impact on mortality and morbidity in our patients. In 
addition, the characteristics of causative microorganisms were 
associated with poor results. S. aureus reproduction was found 
to be associated with a high rate of mortality in our study. Rapid 
identification of patients at high risk of death may provide an 
opportunity to improve the prognosis of IE.

Limitations

A retrospective study is a significant disadvantage in the 
collection and evaluation of data.

CONCLUSION

CHD is an increasingly significant risk factor for IE. The presence 
of a biological valved conduit and unoperated large VSD were 
two important risk factors for IE in our patients. Furthermore, we 
observed high mortality rate associated with S. aureus infection. 
Even if echocardiographic examination findings are normal in 
patients with CHD on follow-up, particularly in those with fever 
of unknown cause, who have undergone surgery and have been 
implanted with prosthetic devices, examination and treatment 
should be performed in favor of IE.

positivity has been found to be higher in patients with normal 
cardiac anatomy and lower in those with complex CHD. Further, 
it has been considered that high echocardiography positivity in 
patients with normal cardiac anatomy might be associated with 
the initial consideration of IE in their differential diagnosis[5,12,29]. 
TEE is reportedly not necessary for IE diagnosis in most of 
patients because TTE is sufficient for IE diagnosis in childhood[33]. 
In the presence of a prosthetic valve, if there are very small 
vegetations (< 2 mm), no vegetation, or vegetation has been 
embolized, identification of vegetation can be extremely difficult 
even if TEE is used[34]. However, compared with TEE, multislice 
CT has been reported to provide good results in the evaluation 
of the perivalvular dimension of IE-related valve abnormalities, 
particularly abscess or pseudoaneurysms[35]. In our cases, typical 
vegetation was seen to a large extend with TTE (85%). In a small 
number of cases wherein TTE could not determine typical 
vegetation, TEE was used successfully. When used together, the 
positivity rate of TTE/TEE was 95.7%. Multislice CT was performed 
in two patients with a prosthetic valve to confirm the diagnosis.

Webb et al.[10] reported that the left heart structures were 
involved in 53% of the IE episodes, the right heart structures in 
29%, and both structures in 3.5%. They reported that they could 
not determine the involved heart structures in 14% of the IE 
episodes. Tseng et al.[36] reported that the right heart structures 
were involved in 61.2% of IE episodes, left heart structures in 
29.3%, and both structures in 6.9%. In our cases, vegetation 
was determined in all heart structures, although it was more 
common in the right heart structures (Table 2). In two patients, 
no vegetation was identified on TTE/TEE.

In IE episodes in childhood, the most common causative 
agent is S. viridians, followed by S. aureus and Enterococcus spp.
[3-6,11,13,21,24,32,37]. While the risk of IE caused by S. aureus-caused 
bacteremia was found to be low in previous studies, S. aureus has 
started to be seen more frequently in community- and hospital-
acquired IE in the past two decades[3,10,38-40]. In our study, the 
most common microorganisms were S. viridans, S. aureus, and 
CoNS (Table 3). E. faecalis-induced IE has been reported at a ratio 
of 2%–6% in other studies[3-5,13] and 4.2% in our study. Brucella 
melitensis, a gram-negative coccobacillus, was isolated in one 
patient. Brucellosis (zoonosis transmitted from sheep and goats) 
is rarely (0.5%) a cause of IE in children[41].

In the HACEK group of microorganisms, which are slow-
growing gram-negative bacteria, the most common cause of 
endocarditis is H. parainfluenzae[42]. Endocarditis caused by E. 
corrodens, which frequently colonizes the oropharynx, has been 
reported in only two (3%) of 76 IE episodes by Martin et al.[13] 
to date. In our study, E. corrodens was isolated in one IE episode 
(2.1%). In the literature, apart from these, no case of IE in children 
caused by E. corrodens has been reported. In a study in Spain, the 
HACEK group of microorganisms was found to be responsible 
for only 1.3% of 1209 IE cases in adults, but E. corrodens was not 
isolated from any patient in that study[43].

Burkholderia cepacia, which causes infections in patients 
with cystic fibrosis and granulomatous disease, is a rare cause of 
IE. In our study, B. cepacia was detected as a causative agent in 
one patient. In this patient, modified Blalock–Taussig shunt was 
performed at the age of three months following the diagnosis of 
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