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FACTORS INFLUENCING OUTCOME IN PEDIATRIC INFECTIVE ENDOCARDITIS

Z. Vassileva, R. Lekova, A. Kaneva
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Pesiome. NHdekumosHnat engokapamTt (VE) e psako 3abonsisaHe B AeTCKa Bb3pacT U 3acsira NPeaVMHO NaLMeHTH
C BpoAeHn cbpaeyHn mandopmaumm (BCM). HawweTo npoyyBaHe oueHsiBa Bpb3kaTta Mexay BPEMETO [0
AnarHoctuumpaHe Ha VIE 1 BpemeTo [0 onepauusita v KNMHUYHUS 13Xof 3a nauveHTa. CpegHusaT ne-
pviog, OT MbpBOHAaYanHaTa nu3sea Ha CUMNTOMUTE 40 NOTBbPXKAABAHETO Ha AnarHosata e 38 gHm (3-180
Axn). Mpn 12 naumentn (60%) AnarHosara e nocrtaseHa paHo (< 30 gHu), gokato npu 8 cnyyas (40%)
avarHosarta € rnoctaBeHa CbcC 3akbcHeHue (> 30 aHu). 75% OoT naumeHTUTe cbC 3abaBeHa amarHosa
ca c npepgLuecTealla aHTMbuoTnyHa Tepanust cnpsmo 58% oT geuara ¢ paHHa guarHosa. Beuukute 3
Jela ¢ netaneH 13xo[ ca nonyyasanv npeasaputernHa aHTMOMoOTUYHa Tepanus, KaTo B iBa OT CriyqauTte
AunarHosata VE e 6una paHHa, a B eauH cnyyan e buna 3abaBeHa. B 3akntoueHune, eMnmpuyHaTa aHTu-
BroTYHa Tepanus e cBbp3aHa CbC 3abaBsHe Ha AMarHOCTULIMPAHETO Ha MHAPEKLIMO3HMS EHAOKaPAUT 1
KOMKOTO MO-AbIIr0 € BPEMETO A0 OnepauusTa, ToNKoBa Mo-rofisiM € pUCKbT OT HebnaronpusTeH usxos 3a
nauveHTa.

KntouoBu aymu: MHMDEKLUMO3EH eHOoKapaWT, BpoAeHM CbpaevHu OedoekTu, Bpeme [0 MNocTaBsHe Ha auarHosara,
BpeMe 10 onepauusTta, usxon

Agpec 3a a-p 3opHuua Bacunea, oM, KnuHuka no getcka kapgvonorus, HaumoHanHa kapanonormyHa 6onHm-
KopecnoHgeHuusi:  Ua, yn. KonboBuua Ne 65, 1309 Codous, e-mail: drvass@abv.bg, GSM: 0898319361

Abstract Infective endocarditis (IE) is a rare entity in children and predominantly affects patients with
congenital heart defects (CHD). Our study assesses the association between the time to diagnosis
of IE and the time to surgery and outcome. The mean period from initial symptom presentation
to diagnosis confirmation was 38 days (3-180 days). 12 patients (60%) had an early diagnosis (<
30 days), while in 8 cases (40%) the diagnosis was delayed (>30 days). 75% of the patients with
a delayed diagnosis had received prior antibiotic therapy vs. 58% of the children with an early
diagnosis. All 3 children with lethal outcomes had received prior antibiotic therapy, in two of the
cases the diagnosis of IE was early, and in one case it was delayed. In conclusion, empiric antibiotic
therapy is associated with a delayed diagnosis of infective endocarditis, and the longer the time to
surgery the greater the risk for unfavorable patient outcome.
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INTRODUCTION with congenital heart defects (CHD) — native or sur-

Infective endocarditis (IE) is a rare entity in chil- gically corrected. Diagnostic delays have a negative
dren — frequency 0.43-0.69 cases in 100 000 pa- effect on patient outcomes, whereas timely surgery is
tient-years [1, 2, 3] and predominantly affects patients associated with a better prognosis.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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AIM

Our study aims to form a sample of patients aged <
18 years with CHD who were hospitalized and treated
with |E for 14 years, and to assess how time to diagno-
sis and time to surgery influence their outcome.

MATERIALS AND METHODS

The study is retrospective and includes the data of
20 patients aged < 18 years with underlying CHD and
IE treated at the National Heart Hospital - Sofia Pedi-
atric Cardiology Department, 01.01.2009-31.12.2022.
IE was diagnosed based on the modified Duke crite-
ria [4, 5, 6]: major (isolation of typical microorganisms
(Staphylococcus aureus, Enterococcus, Streptococcus
viridans) from the blood culture and the visualization
of valvular vegetations on the echocardiography) and
minor (predisposing conditions, fever, and embolic
phenomena - glomerulonephritis, Osler nodes, Roth
spots, positive rheumatoid factor). The diagnosis of IE
requires two major and one major and two additional
criteria. We followed the patients for up to 14 years (9
months-14 years, mean 6.3).

REsSULTS

The demographic characteristics of the patients
are presented in Table 1.
The clinical signs of |IE are diverse (Table 2).

Table 1. Demographic characteristics of the patients

Characteristic Number (%)

Age, (Mean + SD) 3 months-7 years (9.12 + 5.4)

<1 year 1 (5%)
1-6 years 5 (25%)
7-12 years 7 (35%)
13-18 years 7 (35%)
Sex

Male 12 (60%)
Female 8 (40%)
Underlying CHD

Left ventricular outflow tract 7 (35%)
obstruction (subvalvular/valvular

aortic stenosis/bicuspid aortic

valve)

Fallot tetralogy 5 (25%)
Atrioventricular septal defect 3 (15%)
Ventricular septal defect 2 (10%)
Mitral valve dysplasia 1 (5%)
Complex cardiac disease 2 (10%)

The leading symptom is malaise in 19 patients
(95%); the second most common symptom was fever
in 18 children (90%). In the remaining two cases (10%),
the course of the disease was subacute, without a sig-
nificant rise in body temperature. Eight patients (40%)
had heart failure. Five children (25%) had gastrointes-

Table 2.Clinical symptoms in patients with IE

Patient | Fever | Malaise | Heart failure | Respiratory failure | Gastrointestinal sympt. | Embolic phenomena Neurological symptoms
Ne1 + - - + + - +
Ne2 + + + + - - -
Ne3 + + + - + - -
Ne4 + + - + - - -
Ne5 + + + - - - +
Ne6 + + + + - - -
Ne7 + + - - - - +
Ne8 - + + - + - -
Ne9 + + - - + - -
Ne10 + + - - - - -
Ne11 + + - - - + +
Ne12 + + - - - - -
Ne13 + + + - - - -
Ne14 - + + - - - -
Ne15 + + - - - - -
Ne16 + + - - - - +
Ne17 + + + - + - -
Ne18 + + - - - - -
Ne19 + + - - - - _
Ne20 + + - - - + +
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tinal symptoms, the same number of cases had neurolog-
ical symptoms, four children (20%) had respiratory failure,
and two patients had embolic phenomena.

All patients had increased inflammatory markers — in
eight children, erythrocyte sedimentation rate (ESR), C-re-
active protein (CRP), and white blood cells (WBC) were el-
evated; in four cases — ESR and CRP, in 2 children — CRP
and WBC, in 2 - only CRP, in 2 — only ESR, in one — only
WBC, and in one — ESR and WBC.

In 5 cases (26%), the blood cultures remained nega-
tive, as four children had received antibiotic therapy, and
the fifth child had positive serology for Chlamydia. In 4
cases, the blood culture was positive for Staphylococcus:
Staphylococcus aureus (S. aureus) (n = 3), methicillin- re-
sistant S. aureus (MRSA) in one patient, S. hominis (n =
1). In 4 children, Streptococcus was isolated from blood
culture: S. sanguinis (n = 3), S. gordonii (n = 1). In six cas-
es the blood culture was positive for Gram-negative bacte-
ria: Enterobacter (n=1), Pseudomonas aeruginosa (n = 1).
Kingella (n = 1), Klebsiella pneumoniae (n = 2), Serratia (n
=1). In one child (patient 9), mixed bacterial flora (Entero-
coccus faecalis and Candida tropicalis) was isolated from
the blood culture.

In 7 patients with CHD and IE (32%) the heart defect
was not corrected (Table 3).

Endocarditis developed after surgery in the remaining
13 patients (72%) with IE and underlying CHD. Their char-
acteristics are presented in Table 4.

The mean period from initial symptom presentation to
diagnosis confirmation was 38 days (3-180 days). Three
children (15%) had hospital-acquired, and the remaining
17 (85%) had community-acquired IE. The time to diag-
nosis was < 30 days from symptom onset in 12 patients
(60%), while in 8 cases (40%) the diagnosis was delayed
(> 30 days). 6 out of 8 patients (75%) with delayed diag-
nosis had received prior antibiotic therapy and 7 out of 12
children (58%) with early diagnosis had preceding anti-
bacterial treatment. The blood cultures were positive in all
cases with an early diagnosis whereas 20% of the patients
with a late diagnosis had negative blood cultures. Out of
the 4 patients without bacterial growth from blood cultures,
3 (75%) had received prior antibiotic treatment.

All patients were treated conservatively with antibiot-
ics according to the guidelines [4]. In 12 children (5 with
unoperated CHD and 7 after surgery), operative treatment
was undertaken. The indications for surgery were uncon-
trollable heart failure, uncontrollable infection, and high
embolic risk. The mean period between the diagnosis of IE
and surgery was 33 days (4-90 days). Valve replacement
was needed in 7 out of 12 operated children (58%) — AVR
in three cases, MVR in one case, and biological pulmo-
nary valve in three cases (valved conduit in two children).

IE relapse was reported in one case. Lethal outcome
within 3 months of IE diagnosis was documented in three
children, corresponding to a mortality rate of 15%. All chil-
dren with lethal outcomes had received prior antibiotic

therapy, in two of the cases the diagnosis of IE was early,
and in one case it was delayed (> 30 days from symptom
onset). In two children with lethal outcomes, the causative
microorganism was Staphylococcus aureus (methicillin-re-
sistant in one case), and the infection was community-ac-
quired, while in one case |E was caused by a hospital-ac-
quired Klebsiella pneumoniae strain. Both children with S.
aureus |E died before surgery was undertaken, while the
patient with Klebsiella pneumoniae IE underwent surgery
30 days after IE diagnosis, and died in the early postoper-
ative period. It is noteworthy however that the child had a
severe aortic valve stenosis which may have contributed
to the unfavourable outcome.

DiscussIiON

Our data confirm the low frequency of IE in children
— < 2 casesl/year in our clinic. Gupta et al. report an inci-
dence of IE of 0.43/100 000 children [2], Mahony et al.
—0.84/100 000 patients < 18 years [3]. The mean age of
the patients with |IE in our cohort is 9.12 years, with a low-
er incidence of IE in children < 1 year (5%) and higher in
older patients — 25% among the age group 1-6 years and
35% among the patients > 7 years. The results of Gupta
et al. are similar —in their study, 56.2% of the patients with
IE were aged = 11 years, while 15.4% were aged < 1 year.
In our patient cohort, IE was more frequent among males
compared to females — 60 vs. 40%, respectively. Luca et
al. from Romania also report a higher frequency of IE by
males — 33 cases vs. 21 cases by females [7]. In a study
by Carceller et al. from Canada, 54% of the children with
IE were males [8].

Our results confirm the critical role of an underlying
heart disease in developing IE. This corresponds to the
literature data reporting that the vast majority (50-70%)
of the children with IE have CHD, which is the major
predisposing factor [2, 3]. In the study of Mahony et al.,
almost 60% of the children with IE had underlying heart
disease, and in the study of Gupta et al. — 53.5%.

The risk for |IE in children with CHD is 75 times high-
er than the general population risk [9, 10]. The proba-
bility of IE depends greatly on the CHD type, as the
malformations associated with higher risk are cyanotic
CHD, left-sided heart defects, and atrioventricular sep-
tal defect (AVSD) [11, 12, 13]. Our data confirm these
observations, as 35% of the children with CHD and IE
have left-sided obstructive lesions, 25% — AVSD, and
15% — Fallot tetralogy. Regarding the localization of the
vegetations, our results show that the left-sided heart
structures are most often involved. These data are sim-
ilar to the results of other authors (Luca et al., Ahmadi
et al. [15]. Our patients’ most often reported symptoms
are malaise, fever, and cardiovascular manifestations.
The results from the meta-analysis of Day et al. are
similar — all children had cardiovascular symptoms,
83% had fever, and 61% had malaise.
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It is worth mentioning that the diagnosis IE is often
delayed, with a mean period between first symptom
presentation and diagnosis confirmation of 43 days.
The patients with an early diagnosis are those with
acute symptoms who were timely referred to a pedi-
atric cardiologist. The diagnosis is frequently delayed
in cases with subacute or non-specific symptoms, and
empiric antibiotic courses obscure symptoms.

Regarding the etiology of IE, our data are similar
to those of other authors. In 5 cases (26%), the blood
cultures remained negative. This is the so-called cul-
ture-negative endocarditis (CNE), which is most often
due to preceding antibiotic treatment or infections with
difficult- to-culture microorganisms, whose incidence
varies from 8 to 36% [16, 17, 18]. For example, one
of our patients with a negative blood culture had posi-
tive serology for Chlamydia, and three children had re-
ceived antibiotic therapy before the blood culture was
taken.

The leading bacterial pathogens in our cohort were
the so-called “typical” microorganisms — most often
Gram-positive bacteria. Four of the cases with |IE were
caused by Streptococci, and three were caused by
Staphylococci. These data are similar to those reported
by other authors [19].

Most patients with IE require surgery — all children
with uncorrected CHD and almost two-thirds with oper-
ated CHD. In the study of Mahony et al., surgical treat-
ment was necessary in 51% of the patients.

Hospital mortality from IE in our patient cohort is
15%. Carceller et al. report a mortality rate of 12.5%,
Gupta et al. have found a mortality of 2.8%, Day et al.
report a 5% mortality rate, and Ahmadi et al. report
5.6% mortality.

CONCLUSION

Infective endocarditis is a disease associated with
significant morbidity and mortality, which affects most
often patients with an underlying heart disease (oper-
ated or unoperated) and whose diagnosis is based on
positive blood cultures and the visualization of vegeta-
tions on the echocardiography. It is crucial to exclude
IE in cases of persistent fever in a child with a known
heart disease. The prerequisites for a favorable patient
outcome are the timely diagnosis, the early initiation of
effective antibiotic therapy, and, when necessary — sur-
gical treatment.

No conflict of interest was declared
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