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CONGENITAL HEART DISEASE

ORIGINAL ARTICLES

Surgical Treatment of Infective Valve
Endocarditis in Children with
Congenital Heart Disease
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ABSTRACT Objective: This study assesses surgical procedures, operative outcome, and early and
intermediate-term results of infective valve endocarditis in children with congenital heart disease.
Methods: Seven consecutive children (five females, two males; mean age, 10.8 years) who underwent
surgery for infective valve endocarditis between 2006 and 2010 were included in the study. The aortic and
mitral valves were affected in two and tricuspid in five patients. Indications for operation included cardiac
failure due to atrioventricular septal rupture, severe tricuspid valve insufficiency, and septic embolization
in one, moderate valvular dysfunction with vegetations in three (two tricuspid, one mitral), and severe
valvular dysfunction with vegetations in the other three patients (two tricuspid, one mitral). The patholog-
ical microorganism was identified in five patients. Tricuspid valve repair was performed with ventricular
septal defect (VSD) closure in five patients. Two patients required mitral valve repair including one with
additional aortic valve replacement. Results: There were no operative deaths. Actuarial freedom from re-
current infection at one and three years was 100%. Early echocardiographic follow-up showed four patients
to have mild atrioventricular valve regurgitation (three tricuspid and one mitral) and three had no valvular
regurgitation. No leakage from the VSD closure or any valvular stenosis was detected postoperatively.
Conclusions: Mitral and tricuspid valve repairs can be performed with low morbidity/mortality rates and
satisfactory intermediate-term results in children with infective valve endocarditis. doi: 10.1111/].1540-
8191.2011.01339.x (J Card Surg 2012,27:93-98)

Infective valve endocarditis, although less common
in childhood, appears to be increasing.’ Children with
untreated congenital cardiac defects, including bicus-
pid aortic valve, ventricular septal defect (VSD), patency
of the ductus arteriosus, and tetralogy of Fallot, have a
higher risk for developing infective endocarditis as well
as children undergoing surgery due to congenital heart
defects.’?

Although improved outcomes have been reported
over time for the treatment of infective endocarditis in
children, current hospital mortality rates of 10% t0 20%
following medical treatment alone 2-5:8 or perioperative
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death rates of 0% to 50% demonstrate the severity of
this condition.>11

The purpose of this report is to present our surgical
experience with valvular endocarditis in children with
congenital heart defects.

MATERIAL AND METHODS

The Institutional Review Board approved the retro-
spective study and waived the need for patient con-
sent.

Between March 2006 and June 2010, seven con-
secutive children with previously diagnosed congen-
ital heart defects underwent surgical repair for in-
fective valve endocarditis. Previously normal hearts
or acquired lesions were excluded. Clinical records
were reviewed for patient demographic data, opera-
tive findings, surgical technigues used, postoperative
course, and follow-up. There were five females and
two males with a mean age of 10.8 years (range 7.3 to
13.4 years).
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Follow-up

Data on patients’ preoperative clinical features, op-
erations, clinical course, pathologic, microbiologic find-
ings, survival, and follow-up course were obtained
through a detailed review of hospital medical records.
Follow-up data were provided by the Department of
Pediatric Cardiology and by the referring physicians.
Additional information was sought from the referring
physicians, family doctors, and/or the patients’ families
as appropriate. Follow-up was complete for all patients
averaging 2.3 years (range 0.5 to 4.3 years) with a total
of 16.3 patient-years.

RESULTS
Preoperative clinical and pathological features

All seven patients had native valve endocarditis. The
tricuspid valve was infected in five and the mitral valve
in two patients. Patients with mitral valve infection
had aortic valve involvement as well. Fever was the
most common symptom in all patients, being present
for a mean duration of 32.2 &+ 11.2 days (range 21 to
42 days).

Congenital cardiac disease was the only predispos-
ing factor identified in all patients. Previous diagnosis
including an isolated small VSD was present in two,
small VSD with congenital bicuspid aortic valve in three,
and isolated congenital bicuspid aortic valve in two pa-
tients. No prior dental or any other surgical procedure
was present in any patient. Except for one patient with
moderate aortic stenosis, no other patient had a history
of valvular insufficiency or stenosis before the onset of
symptoms of infective endocarditis.

Five patients had congenital bicuspid aortic valve
(three patients with tricuspid valve and two with mitral
valve infection). All five patients with tricuspid valve in-
volvement had a small VSD. Three patients had severe
and two had moderate tricuspid valve insufficiency
among the group of patients with tricuspid valve in-
fection. One of the patients with mitral valve infection
had moderate and the other had severe mitral valve
insufficiency. Vegetations were detected in all seven
patients on preoperative echocardiography. One pa-
tient with a bicuspid aortic valve and mitral infection
had moderate aortic valve stenosis; however, no pa-
tient had aortic valve insufficiency. One patient with
a preoperatively diagnosed small VSD and congenital
bicuspid aortic valve developed atrioventricular septal
rupture and leaflet perforation on the tricuspid valve.
This patient had cerebral embolization and neurologic
deficits as well. Despite medical treatment of cardiac
failure with inotropic support and diuretics, intractable
heart and renal failure led to an emergency operation.
The demographic, clinical, and laboratory data of pa-
tients are presented in Table 1.

The pathological pathogens were identified in five
patients (Staphylococcus aureus in three, Streptococ-
cus oralis in one, and Streptococcus viridans in one).
The mean duration of antibiotic treatment was 27.1 +
8.9 days (range 19 to 36 days), preoperatively.
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The most common indication for surgery was valve
dysfunction (three severe and two moderate tricuspid
valve insufficiencies, one severe and one moderate mi-
tral valve insufficiency), congestive heart failure, septic
embolization, and severe tricuspid valve insufficiency
(one patient). All patients were diagnosed with infec-
tive endocarditis according to the revised Duke criteria
with fever being the most common symptom and all
patients had vegetations detected on echocardiogra-
phy. The size and location of vegetations are summa-
rized in Table 1.

Surgery and intraoperative findings

All operations were performed through a median
sternotomy under cardiopulmonary bypass and mod-
erate systemic hypothermia. Standard aortic and bi-
caval central cannulation was performed. Antegrade
intermittent cold blood cardioplegia was used for my-
ocardial protection. The approach was through a left
atriotomy and aortotomy in two patients with mitral
and aortic valve infections. A right atriotomy was per-
formed in five patients with VSD and tricuspid valve
infection. Following right or left atriotomy, the an-
nulus, leaflets, chordae tendinae, and papillary mus-
cles were exposed and carefully inspected to deter-
mine the extent of valvular and subvalvular damage
caused by infection (Fig. 1). Our standard operative
principles were the debridement of all infected tis-
sues, cleansing of all affected areas with povidone io-
dine solution, reconstruction of defects, and closure
of VSD using untreated fresh autologous pericardium.
An attempt was made to preserve the native valve
and avoid the use of prostethic materials whenever
possible.

All patients underwent removal of vegetations and
valve repair (five tricuspid, two mitral, and two
aortic valve repair), whereas one patient required a
subsequent aortic valve replacement. Five patients un-
derwent concomitant VSD closure with fresh autolo-
gous pericardium using a continuous 6/0 polypropy-
lene suture technique. During VSD closure, three to
four pledgeted (with fresh pericardium) sutures were
used to reinforce the sutures and to decrease the
stress on the suture. Following the removal of veg-
etations and neighboring infected valve tissues, all re-
sulting defects were repaired with fresh autologous
pericardium using a continuous 7/0 polypropylene su-
ture technique. Leaflet perforations were closed in
two patients (one mitral and one tricuspid) with fresh
autologous pericardium in the same manner. One of
the patients who had a previously diagnosed small
VSD developed atrioventricular septal rupture follow-
ing infective endocarditis. This patient had a 15-mm
perforation of the atrioventricular septum causing a
true Gerbode defect with a left ventricle to right
atrium communication. Fresh blood clots and veg-
etations were observed extending toward the right
atrium through this perforation. The atrioventricular
septal rupture was repaired using fresh autologous
pericardium with 6/0 polypropylene and continuous
suture technique. One patient underwent removal of
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Figure 1. Large vegetation on tricuspid valve, septal leaflet (white arrow).

vegetations and a commissurotomy for a stenotic
aortic valve. The resulting defect was repaired with
fresh autologous pericardium. Intraoperative trans-
esophageal echocardiography showed the persistence
of aortic valve stenosis (45 mmHg) and severe insuffi-
ciency that eventually led to aortic valve replacement
with a mechanical valve. Another patient with aortic
valve infection required removal of vegetations and
pericardial patching of the resulting defect. This patient
had a fully competent aortic valve following the surgi-
cal procedure as shown on the intraoperative trans-
esophageal echocardiography.

Following removal of all vegetations and closure of
resulting defects, mitral valve reconstructions were
performed using an anterior commissuroplasty (mod-
ified Kay-Wooler annuloplasty technique) in both
patients with either moderate or severe mitral insuf-
ficiency. Tricuspid valve reconstructions included ap-
proximation of the anterior and septal leaflets at the
anteroseptal commissure using pledgeted (with fresh
pericardium) sutures in three patients, and plication of
the posterior leaflet with extensive resection (almost
3/4 of the posterior and 1/3 of the septal leaflet) in
one patient. Mean cardiopulmonary bypass and cross-
clamp times were 156.5 + 62.5 minutes (range 94
to 189 minutes) and 74.36 &+ 53.2 minutes (56 to
144 minutes), respectively.

Bacteriological examination of the valves, vegeta-
tions, or other tissue material removed at operation
confirmed the presence of the pathological microor-
ganism in five patients.

Mortality and morbidity

There was no operative mortality or morbidity. Mean
hospital stay duration was 9.3 + 3 days (range 6 to
14 days). No patient developed any complication. An-
tibiotic treatment was continued for a mean of 43.2 +
5.9 days (range 37 to 52 days), postoperatively.

Follow-up

Intermediate-term follow-up data were complete
(mean 2.3 years; range 0.5 to 4.3 years, total 16.3
patient-years). No patient was lost to follow-up. In-
traoperative and early postoperative echocardiographic
evaluation showed four patients to have mild atrioven-
tricular valve regurgitation (three tricuspid and one mi-
tral) and three had no valvular regurgitation (two tri-
cuspid and one mitral). No valve repair resulted in
valvular stenosis and no leakage from the VSD clo-
sure was detected either intraoperatively or in the
early and intermediate postoperative periods. No valvu-
lar stenosis or insufficiency was present on the pros-
thetic aortic valve. Fever was not observed in any of
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the patients postoperatively. Repeated blood cultures
were negative for microbial infection in all patients.
Intermediate-term follow-up showed no recurrence of
infection while mild atrioventricular valve regurgitation
persisted in four patients. No late stenosis on any valve
or paravalvular leakage on the replaced mechanical aor-
tic valve was observed in intermediate-term follow-up.
Actuarial freedom from recurrent infection at one and
three years was 100%.

DISCUSSION

Despite reports on improved outcomes over time, in-
fective endocarditis in infancy and childhood remains a
most serious condition. Infective endocarditis is an un-
common infection and accounted for a hospitalization
rate of 0.21 per 1000 pediatric admissions per year
in our hospital. In the past five years, a mean of 3.4
patients were treated per year. Our incidence of infec-
tive endocarditis is similar to the previously published
papers reporting an increasing incidence ranging from
0.2 to 0.9 cases per 1000 pediatric hospital admissions
per year.2®5 Patients with untreated congenital cardio-
vascular abnormalities are at a much higher risk for
developing infective endocarditis than the general pop-
ulation.™ Although the reported rate of infective endo-
carditis in patients with congenital heart disease is as
low as 1%,'? the frequency appears to be increasing
according to several reports.24°

The risk of infective endocarditis in congenital heart
disease is closely related to abnormal intracardiac
shunts and flow accelerations. Congenital heart de-
fects particularly associated with high-velocity or tur-
bulent flows, such as VSD, aortic stenosis, coarctation
of the aorta, and patent ductus arteriosus, are at a much
higher risk for developing infective endocarditis. Con-
versely, defects such as secundum atrial septal defects
are not associated with infective endocarditis.?2:13

Prior to surgical intervention for congenital heart dis-
ease, infective endocarditis is most common in pa-
tients with bicuspid aortic valves, VSDs, patent ductus
arteriosus, and tetralogy of Fallot.8:4 In a previously
reported series of 16 children with endocarditis, 12 had
cardiovascular disease with 3 having undergone a pre-
vious corrective cardiac surgery while 4 patients had
no underlying cardiac disease. Infective endocarditis
occurring after VSD repair is reported to be mainly as-
sociated with a residual leak.®

Patients who are candidates for surgical intervention
should be selected cautiously, since about 80% to 90%
of children with infective endocarditis are expected
to survive solely with conservative medical treatment.
The indications for surgery in our series were valve
dysfunction, congestive heart failure, septic emboliza-
tion, and vegetations. Although echocardiography pro-
vides useful information on the size and other mor-
phological features of vegetations, this is not adequate
to predict the possibility of embolization.*16.17 Infec-
tion located outside the heart, such as on shunts, col-
laterals, and conduits, are difficult to demonstrate by
any method. Transthoracic echocardiography was re-
ported to have a positive finding in 59% of the pa-
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tients with infective endocarditis in a previous report.8
Transesophageal echocardiography often yields impor-
tant data. Although vegetations and/or abcess forma-
tions were better demonstrated with transesophageal
echocardiography, it should not be performed in pa-
tients with severe hypoxemia or toxemia.'922 Never-
theless, transthoracic echocardiography was success-
ful in demonstrating the valvular vegetations in all of
the seven patients presented in our report.

Our medical therapy consists of dual intravenous an-
tibiotics for synergistic effect. Intravenous penicillin
G and gentamicin, with further adjustment depend-
ing on the blood culture organism and sensitivities,
are given for at least 21 fever-free days before they
are stopped. The total duration of antibiotics is fur-
ther adjusted for each patient according to the re-
sults of repeat blood cultures and echocardiography
findings.

In our opinion, the combination of large vegetations
with ongoing sepsis is a clear indication for surgical
intervention. However, if there is clinical evidence of
resolution of the infection and no embolic phenomena,
a conservative management may be justified.

At least 40% of cases of infective endocarditis oc-
curring in repaired congenital heart disease are now
caused by staphylococcal species.’ However, it is
noteworthy that in as many as 20% of reported chil-
dren with no known predisposing factors, the organ-
ism was Staphylococcus aureus. Similarly, three of
five patients in our study group (60%), whose mi-
croorganism could be identified, had a Staphylococcus
aureus infection. These patients were previously di-
agnosed with congenital heart defects but were not
repaired. This emphasizes the potential threat of this
organism in patients with unrepaired congenital heart
defects.

The review of the current literature comparing valve
replacement and repair in children with infective valve
endocarditis revealed conflicting results. One study re-
ported a high rate of valve replacement as high as
63%, due to cusp perforation, abscess formation, and
chordal rupture.” Other studies report native valve
preservation rate as high as 55% to 72%.'123 One
recent study reports the rate of native valve preser-
vation in children with infective valve endocarditis as
high as 73% and concludes that native valve preserva-
tion was frequently possible despite advanced clinical
disease.'® Although abscess formation was not en-
countered in the series of our patients, existing leaflet
perforations were successfully repaired in two patients
(one mitral, one tricuspid) with fresh autologous peri-
cardium and no valve replacement was required as a
conseqguence of a leaflet perforation.

When the valve annulus is dilated, annuloplasty is
our choice for the repair of an infected valve. We re-
frain from using a prosthetic valve or ring as much
as possible in support of previous reports which ad-
vise avoiding prosthetic valves or rings in childhood.24
We use pledgets prepared with fresh autologous peri-
cardium for suture reinforcement. Pledgets have two
distinct advantages: first, no prosthetic material is intro-
duced into the infective operative field and second, the
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need for anticoagulation is obviated. Valve repair pre-
serves viable native tissues that are more resistant to
infection than prosthetic material. This approach may
be considered as one of the major factors contributing
to our favorable postoperative outcome.

The use of homografts for aortic valve or root in-
fection has been associated with significantly lower
early re-infection rate in comparison with mechani-
cal valves and bioprostheses.2® However, they have
the problems of accelerated calcification, particularly
in young children, limited durability, and availability.2
Modern mechanical low profile bileaflet valves per-
form well in the aortic position, have long durabil-
ity, and can be remarkably resistant to re-infection.2”
Due to the above features of mechanical valves, we
used a mechanical aortic valve in one of our patients
in whom an attempt to repair the aortic valve was
unsuccessful.

This study is limited by the small number of subjects.
In this small series, we have shown that mitral and
tricuspid valve repairs are safe in children with infec-
tive endocarditis. No operative, early, or intermediate-
term mortality was observed. All patients had good
functional status during intermediate-term follow-up
and no one had undergone mitral or tricuspid valve
replacement.
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