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Abstract 

Background Native pulmonary valve (PV) infective endocarditis (IE) is a rare condition with an incidence of 1.5–2%. 
Although medical therapy is the mainstay of treatment, surgical intervention is still indicated in cases that fail 
to respond to antibiotics. To date, there is lack of consensus about the best surgical approach for isolated native PV 
IE. While valve repair is sometimes feasible, most of the cases require valve replacement depending on the extent 
of tissue damage. A stented bioprosthesis can be used when infection is confined to the valve leaflets. However, 
extension of damage to the pulmonary root or right ventricular outflow tract usually requires debridement and root 
replacement.

Case presentation A 30-year-old lady with a long history of restrictive ventricular septal defect (VSD) presented 
with fever and shortness of breath shortly after vaginal delivery that was diagnosed as isolated PV IE with pulmonary 
septic emboli. After 1 week of antibiotic therapy, there was no response with persistent infection and complete valve 
destruction. Heart team discussion recommended PV replacement using a Freestyle valve along with VSD repair. On 
follow-up after 1 year, she was doing fine with well-functioning Freestyle valve.

Conclusion Unrepaired restrictive VSD can be a predisposing factor for native PV IE. A Freestyle valve in the pul-
monary position is a valid option for such cases, with good early outcomes and reasonable durability, particularly 
when there is extensive tissue infection and homograft is not available. More evidence is still required to evaluate 
the long-term outcomes of PV Freestyle in cases of IE.
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Background
Unrepaired ventricular septal defect (VSD) is the common-
est congenital heart disease (CHD) predisposing to infective 
endocarditis (IE) [1]. Although restrictive VSD has low hemo-
dynamic significance, with most cases closing spontaneously 
by the age of 4 years [2], the risk of IE in unrepaired cases is 
still higher than normal population. This is usually attributed 
to high shunt velocity and endothelial injury [3]. The reported 
incidence of right-side IE is 5–10% in general, with pulmo-
nary valve (PV) involvement in less than 2% [4]. However, the 
incidence is much higher in CHD-associated IE. Vegetations 
usually develop on the tricuspid valve, PV, and rarely on the 
septal defect rims or right ventricular outflow tract [2].

Diagnosis of isolated PV IE may be challenging due 
to rarity of the condition. Persistent fever in the con-
text of CHD, chronic hemodialysis or intravenous drug 
abuse should raise suspicion. Other possibilities for PV 
masses like fibroelastoma, myxoma or thrombus have to 
be excluded. Although medical therapy is the first line of 
management for PV IE, surgery is always resorted to upon 
failure of medical treatment, the presence of ongoing sep-
sis or refractory heart failure. Determination of the opti-
mal valve in the pulmonary position, however, is currently 
limited by lack of long-term comparative data [5].

Here, we present a case report of isolated PV IE secondary 
to restrictive VSD that was managed using a Freestyle valve 
rather than a homograft, with acceptable outcomes after 1 year. 

Case timeline

4 weeks before presentation  
(11 January 2022)

• Vaginal delivery, followed by recur-
rent fever attacks

On presentation (12 February 2022) • Fever and shortness of breath

Same day of admission (12 February 2022) • Transthoracic echocardiography 
confirmed VSD and showed PV vegeta-
tions
• Blood culture sets withdrawn, 
and empirical antibiotics started

3 days after admission  
(15 February  2022)

• Antibiotics adjusted according 
to blood culture and sensitivity

8 days after admission (20 February 2022) • No response to antibiotics with per-
sistent high-grade fever and pulmo-
nary showering
• Heart team discussion recom-
mended surgical intervention 
for the PV

9 days after admission (21 February 2022) • PV replacement with Freestyle valve 
and direct VSD closure with pericardial 
bledgeted sutures

8 days after surgery (01 March 2022) • Step-down to intermediate care 
in ward

4 weeks after surgery (31 March 2022) • Negative blood cultures
• Completed antibiotic course and dis-
charged

Follow-up after 1 year (15 February 2023) • No symptoms
• Well-functioning PV Freestyle 
by echocardiography and CT pulmo-
nary angiography

Case presentation
A 30-year-old lady with a past history of restrictive per-
imembranous VSD since childhood was referred to our 
center with a 4-week history of recurrent high-grade 
fever and shortness of breath that started a few days 
after an uncomplicated vaginal delivery for her second 
child. She denied history of intravenous drug addiction. 
There was no family history of cardiac diseases.

On physical examination, her blood pressure was 100/70 
mmHg, pulse rate was 107 bpm, temperature was 38.0 C, 
respiratory rate 25 per minute, and oxygen saturation was 
100% on room air. Echocardiography revealed normal left 
ventricular dimensions and contractility. A perimembra-
nous VSD was seen measuring 7 mm with left to right shunt 
(Fig. 1A, supplementary video 1). The PV showed thickened 
leaflets with two large highly mobile masses attached to the 
ventricular surface of the leaflets, measuring 2.8 × 1.2 cm 
and 2.4 × 0.9 cm (Fig. 1B, supplementary video 2). There was 
severe pulmonary regurgitation and mild tricuspid regurgi-
tation. Estimated right ventricle (RV) systolic pressure was 
45 mmHg, with normal RV dimensions and contractility.

Laboratory workup revealed normocytic normochro-
mic anemia, leukocytosis, elevated CRP, normal kidney, 
and liver functions. The patient was started on empiri-
cal vancomycin and gentamycin. Three sets of blood 
cultures revealed multidrug-resistant Klebsiella for 
which meropenem was added according to sensitivity.

Computed tomography (CT) scan of the chest showed 
bilateral consolidation and cavitations suggestive of septic 
pulmonary emboli.

One week later, she did not respond to antibiotics 
with recurrent high fever spikes and attacks of hypoxia 
and tachycardia secondary to persistent pulmonary 
showering. After heart team discussion, she was sched-
uled for urgent surgical intervention. Complete exci-
sion of the valve and infected tissue at the RV outflow 
tract was performed, with reconstruction of the pul-
monary root using a Freestyle valved conduit 27 mm, 
which was fixed distally by continuous 6/0 Prolene 
stitches with anterior wall augmentation by autologous 
pericardium and proximally by continuous 5/0 Prolene 
stitches. Direct closure of the VSD was done by inter-
rupted stitches with bledget pericardium (Fig.  2). The 
cross clamp and total bypass times were 110 and 166 
min, respectively. Extubation was successful after 72 h. 
The postoperative course was complicated by acute kid-
ney injury that was managed conservatively, with sub-
sequent improvement and ward transfer after 8 days.

Culture and sensitivity of the PV vegetations revealed 
coagulase-negative Staphylococcus epidermidis. Vanco-
mycin was shifted to linezolid according to sensitivity 
in light of the renal impairment present. Subsequent 
postoperative blood cultures were negative.
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Postoperative echocardiography showed a well-
functioning Freestyle pulmonary valve with no resid-
ual masses or regurgitation and a peak gradient of 13 
mmHg (Fig. 3A, B, supplementary video 3).

The patient was continued on antibiotics postop-
eratively for 4 weeks, after which she was discharged 
to home. On follow-up after 1 year, CT pulmonary 
angiography showed a well-functioning PV Freestyle 
(Fig. 3C, D, supplementary videos 4, 5).

Conclusions
Our case highlights the increased risk of IE in patients 
with unrepaired restrictive VSD. This can be explained 
by the shear stress caused by high turbulence jet, which 
results in endothelial disruption, fibrin deposition, and 
subsequent vegetation formation. Most of the previously 
reported cases were in middle- or low-income countries 
[2, 3], emphasizing the critical need for strict aseptic pre-
cautions for patients undergoing invasive procedures in 
these regions. This also raises a repeated question about 

the benefit of antibiotic prophylaxis in that particular 
group of patients [6].

Although right-side IE usually responds to antibiotics, 
our case had persistent infection and large-sized veg-
etations; therefore, she was planned for surgery. Many 
factors influence the choice of PV intervention modal-
ity, notably whether the infectious process involves a 
sound native valve, a pathologic valve in the context of 
a congenital heart disease, or a prosthetic conduit [7]. 
Removal of the vegetations and all of the infected tis-
sues is the rule. PV repair can be accomplished if all the 
infected tissues are removed, while adequate cusp tissue 
is still available [8, 9]; however, PV replacement remains 
the most adopted approach [10]. Bioprostheses are usu-
ally used for replacing the pulmonary valve, but there 
is no consensus on the best choice after IE. Stented PV 
bioprostheses include porcine or pericardial valves. A 
series of 170 patients could not demonstrate superior-
ity of one type over the other [11]. Importantly, free-
dom from reintervention was only 36% at 10 years, with 

Fig. 1 Transthoracic echocardiography. A Modified apical three-chamber view with color compared showing a perimembranous ventricular septal 
defect with evidence of left-to-right shunt. B Short-axis view, great vessel level, showing two vegetations attached to the pulmonary valve leaflets, 
the largest measures 2.8 × 1.2 cm

Fig. 2 A Dissection of the pulmonary valve. B Excised pulmonary valve vegetation with the involved cusps
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significantly less durability in patients younger than 15 
years.

The Freestyle stentless bioprothesis is a reliable replace-
ment for infected native and prosthetic aortic roots, 
besides being an established replacement for degenerated 
pulmonary conduits in adult congenital cardiac surgery 
and after Ross procedure [12]. However, its use after pul-
monary IE is less reported [13].

Miskovic A. et  al. [14] reported that freedom from 
significant PV dysfunction or re-intervention at 5 years 
after Ross procedure was 72% with the Freestyle biopros-
thesis compared to 99% with homografts. The primary 
mechanism for bioprosthetic dysfunction was develop-
ment of subvalvular stricture. On the contrary, there was 
no significant difference in mortality or re-intervention 
between both approaches at 10 years in a population with 
prior tetralogy of Fallot repair, despite higher PV gradi-
ents with Freestyle valve [15]. These results however, 
should be interpreted cautiously when applied to native 
PV IE, due to different indications and type of patients.

The liberal use of Freestyle valve for replacing the aor-
tic valve in patients with small aortic root, together with 

the limited pool of homografts, tempted us to place it as a 
replacement for the infected PV, knowing that the infec-
tion extensively involved the pulmonary root and the RV 
outflow tract, thus precluding the use of stented biopros-
thesis. Although long-term durability studies are still not 
widely available, inserting a Freestyle valve allows trans-
cutaneous valve-in-valve implantation upon its antici-
pated deterioration.

In summary, a Freestyle valve in the pulmonary posi-
tion can be a valid option for cases of native PV IE, with 
good early outcomes and reasonable durability, particu-
larly when there is extensive tissue infection and homo-
graft is not available. We believe that more evidence is 
still required to evaluate the long-term outcomes of PV 
Freestyle in cases of IE. Physicians should pay close atten-
tion to restrictive VSD patients undergoing invasive pro-
cedures, as they are at a higher risk of IE.

Abbreviations
CHD  Congenital heart disease
CRP  C-reactive protein
CT  Computed tomography

Fig. 3 A TTE, PSX view, showing well-functioning freestyle valve in the pulmonary position with no regurgitation or residual masses. B CWD 
on the PV, showing peak gradient of 13 mmHg. C CTPA, sagittal view, showing dilated MPA. D 3D VRT, showing tubular pulmonary conduit 
with a focal concentric narrowing. TTE, transthoracic echocardiography. PSX, parasternal short axis. CWD, continuous wave Doppler. PV, pulmonary 
valve. CTPA, computed tomography pulmonary angiography. MPA, main pulmonary artery. VRT, volume-rendered technique
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IE  Infective endocarditis
PV  Pulmonary valve
RV  Right ventricle
VSD  Ventricular septal defect
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