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Background Rheumatic valve disease (RVD) is the most common cause of cardiovascular death in low-middle income nations.
Surgical aortic valve (AV) interventions for RVD, especially in children, have proven problematic with graft failure, re-
lapse, and poor compliance with anticoagulation. A novel technique involving neocuspidization of the aortic annulus using
autologous pericardium to construct new AV leaflets (the Ozaki procedure) has shown promising outcomes in children
with congenital AV disease; however, there are no previous recorded cases using this technique in children with RVD.

...................................................................................................................................................................................................
Case summary We present the case of a 15-year-old male presenting with exertional angina and dyspnoea with a background of

previous rheumatic fever. Echocardiography had shown a regurgitant tricuspid AV, left ventricular dilatation with
mitral valve leaflet tethering. The patient underwent the Ozaki procedure for his AV regurgitation and was dis-
charged following an uneventful post-operative recovery. The patient had full resolution of symptoms following the
procedure and remains well 3 years following his operation.

...................................................................................................................................................................................................
Discussion This case highlights that good outcomes with the Ozaki procedure in RVD are possible 3-years post-operatively and should

prompt future studies to evaluate the procedure as a surgical option for paediatric patients in this clinical context.
Additionally, the Ozaki procedure may also provide a cost-effective surgical technique requiring minimal additional operative
resources and reduced follow-up demand, which would be critical in low-resource clinical settings where RVD is prevalent.
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Learning points
• We show that the Ozaki procedure can provide effective management of rheumatic aortic valve disease in a paediatric patient with no

relapse after over 3 years post-operation.
• A lack of data surrounds the outcomes in paediatric rheumatic valve disease (RVD) undergoing the Ozaki procedure. Future investigations

should compare this with that of other AV procedures.
• RVD is an endemic in many low-income nations. The Ozaki procedure may provide a cost-effective option in these nations.
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..Introduction

Rheumatic valve disease (RVD) is the leading cause of cardiovascular
deaths in many low-middle income countries, especially in children.1

A dilemma surrounds paediatric aortic valve (AV) surgery, including
the implant longevity, freedom from reoperation, growth capacity of
the valve substitute, and post-operative medication compliance in
this age population. Outcomes from other operative AV techniques
have shown poor outcomes in RVD. A novel procedure involving
neocuspidization of the AV using autologous pericardium sutured
directly onto the annulus (the Ozaki procedure) has shown promis-
ing short-term results in children with congenital AV malforma-
tions.2–4 However, there are currently no recorded cases of the
Ozaki procedure performed in paediatric patients in the context of
RVD. We present the case of a 15-year-old male undergoing the
Ozaki procedure for rheumatic AV disease.

Timeline

Case presentation

A 15-year-old male was referred to our paediatric cardiac surgery
services in the UK with a history of worsening exercise tolerance,
exertional chest pain and confirmed rheumatic fever whilst he was in
the Philippines 3 years prior. He had no other past medical history. A
grade 2/4 soft, high pitched early diastolic murmur at the 3rd left
intercostal space was auscultated. The patient was not breathless at
rest and all peripheral pulses were palpable.

Echocardiography found a tricuspid aortic valve with a central,
broad jet of severe aortic regurgitation (AR), with no stenosis of the
valve. Peak Doppler velocity across the aortic valve was 1.6 m/s. The
AR pressure half-time was 337.4 ms with an AR deceleration slope of
4.1 m/s2. There was holo-reversal of flow in the descending aorta and
abdominal aorta. The aortic root measurements were 2.45 cm,

3.24 cm, 2.69 cm, and 2.9 cm at the valve, aortic root, sinotubular
junction, and ascending aorta, respectively. Left ventricular (LV) dila-
tion with mild mitral regurgitation secondary to tethering of the pos-
terior leaflet was seen [end-diastolic diameter 60.4 mm (z-score 7.9),
end-systolic diameter 42.1 mm (z-score 7.7)] with good function
(ejection fraction 56.7%) based on the patient’s weight of 36.5 kg and
height of 144 cm (Videos 1 and 2). The patient’s M mode echocardiog-
raphy is shown in Figure 1. The patient was a candidate for surgical
intervention and was planned for AV neocuspidization using autolo-
gous pericardium.

Intraoperative transoesophageal echocardiography showed a defi-
cient left coronary cusp and a retracted right coronary cusp of the
AV. Once the sternotomy was performed, a window of pericardium
was removed to harvest tissue for AV cusp construction. Using the
Ozaki sizers (a stencil to draw the size and shape of the leaflet), three
valve cusps were outlined onto the excised pericardium, which was
treated in glutaraldehyde in order to decellularize and promote
cross-linking of the tissue to prevent valve calcification and degener-
ation. The leaflets were sutured onto the preserved aortic valve

annulus. The smoother, visceral side of pericardium was facing to-
wards the aorta to minimise leaflet thrombosis and obstruction of
the coronaries. The patient was under cardiopulmonary bypass for
124 min and on cross-clamping for 99 min with no intraoperative
complications. The remainder of the pericardium was sutured closed
around the heart and the sternum was closed. Immediate post-op-
erative echo had shown perfect coaptation of the newly constructed
valve leaflets, no subaortic LV outflow tract obstruction, normal flow
in the descending aorta and preserved LV systolic function.

Following surgery, the patient was taken to the intensive therapy
unit and was extubated that evening. Post-operative day 1, the
patient’s inotrope and vasopressor agents (dopamine and milrinone)
were discontinued. Other than pericarditis and post-operative pneu-
monia which were simply treated with diclofenac and tazobactam-
piperacillin, there were no complications following surgery. By post-

......................................................................................................................................................................................................................
Date Event

2014 The male patient, at 12-year-old was diagnosed with rheumatic valve disease with aortic and mitral valve involvement.

October 2016 Referral made due to exertional angina with worsening dyspnoea. Echocardiography had shown a central, broad jet of se-

vere aortic regurgitation (AR), left ventricular (LV) dilatation with resultant mild mitral regurgitation. Peak Doppler vel-

ocity across the aortic valve was 1.6 m/s, AR pressure half-time was 337.4 ms with an AR deceleration slope of 4.1 m/s2.

The patient was a candidate for surgical intervention.

7 November 2017 The 15-year-old patient was admitted under the paediatric cardiac surgical team to undergo the Ozaki procedure for AR.

10 November 2017 Ozaki procedure performed with no intraoperative or immediate post-operative complications.

11–13 November 2017 Extubated on the evening following surgery and self-ventilating with no major post-operative complications.

22 November 2017 Pre-discharge echocardiography showed trivial AV regurgitation and mild mitral valve regurgitation. The patient was dis-

charged on warfarin for 3 months, as well as phenoxymethylpenicillin prophylaxis, lisinopril, spironolactone, and

furosemide.

February 2018 Complete resolution of dyspnoea, angina, and exercise tolerance.

January 2019 Transthoracic echocardiography had shown improved LV dimensions with mild AR.

June 2020 The patient reported to remain asymptomatic at a telephone consultation.
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.. operative day 11, the patient was stable, afebrile, well perfused and
was discharged to his local paediatric services before being dis-
charged home. The patient was planned to be on warfarin for
3 months, along with prophylactic phenoxymethylpenicillin, lisonipril,
spironolactone, and furosemide.

On follow-up at 3 months, symptoms of reduced exercise toler-
ance had resolved, and echocardiography had shown resolution of
normal valvular function (Video 3 and Supplementary material online,
Video S1). At most recent follow-up at a telephone clinic (due to
COVID-19 restrictions), 3 years post-operatively, the patient
reported feeling well with no further symptoms.

Discussion

We describe a case that may provide a potential surgical option for a
paediatric patient with RVD of the AV. There are a number of rea-
sons why the Ozaki procedure may provide an alternative to other
tissue-based AV procedures for paediatric patients with RVD.

Whilst the Ross procedure provides growth potential in paediatric
patients, autograft failure is commonly seen in this clinical context.5–7

Bioprosthetic AV prosthesis, whilst advantageous insofar that antico-
agulation therapy is avoided, has shown to have poor outcomes in
paediatric patients. Bioprosthetic AV implants had significantly higher
risks of mortality and reintervention compared to the Ross proced-
ure and mechanical valve prosthesis in young adults.8 Their use in
children has also been associated with rapid deterioration and early
graft failure.9 The evidence surrounding these techniques show that
in a paediatric population, where implant longevity is especially vital,
there may be reluctance to employ these methods to provide lifelong
RVD management.

Rheumatic fever is an endemic in low- and middle-income coun-
tries with 10–15:1000 cases in these nations.10 The economic burden
of RVD in these nations is a heavy one to bare; in 2012, the direct
costs of RVD to healthcare amount to 1.8 billion and 50 million USD
in India and Uganda, respectively.11 Compared to traditional AV
interventions, the reduced costs from using autologous tissue

Video 2 A four-chamber apical view of the pre-operative echo-
cardiograph showing a dilated left ventricle.

Video 3 A parasternal long-axis view of post-operative echocar-
diograph at follow-up showing coaptation of the aortic valves with
normal valve function.

Video 1 A parasternal long-axis view of the pre-operative
Doppler echocardiograph showing aortic valve regurgitation.

Figure 1 M-mode of the patient’s pre-operative echocardiograph
with left ventricular measurements.

Management of rheumatic AV disease using the Ozaki procedure 3
D
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.
provides cost-effective method for valve replacement. Additionally,
as biological tissue is being used, there is no requirement for anticoa-
gulation, further reducing costs and follow-up monitoring.12

Poor autograph durability of the Ross procedure in RVD may be
due to the disease pathogenesis. The autoimmune response follow-
ing Rheumatic fever targets type-IV collagen found in the valve leaf-
lets.13 The risk of rheumatic fever recurrence has shown to be higher
in younger patients and those with symptoms of heart failure, which
has demonstrated recurrent valvular pathology.14 The histological
differences in the composition of pericardium and valve tissue may
reduce the risk of future degeneration of the newly implanted aortic
valve.15

Although we demonstrate promising outcomes with the Ozaki
procedure in a paediatric patient with RVD, the current literature
base for the procedure in children is sparse. It has shown to have
good outcomes in paediatric congenital valvular malformations with
follow-up up to 3 years, with improved aortic valve function com-
pared to prior to surgery.3,4 Future investigations should aim to tackle
the paucity of long-term evidence.
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