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Abstract

Right-sided infective endocarditis accounts for 5–10% of endocarditis cases. It occurs predominantly among intravenous drug abusers. The
pulmonary valve is involved in fewer than 2% of patients with endocarditis. Literature data are limited and optimal medical strategy, in-
cluding surgical technique, remains non-standardized in this clinical situation. We present 2 patients treated surgically for tricuspid and
pulmonary valve endocarditis and discuss a method of pulmonary valve neocuspidization based on the Ozaki technique.
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INTRODUCTION

The incidence of right-sided infective endocarditis is growing
mainly due to the increasing numbers of intravenous drug abus-
ers (IVDA), the rising number of implantable cardiac devices and
prolonged use of central venous catheters [1]. Despite the proven
effectiveness of intravenous antibiotic therapy, from 5–40% of
these patients have to undergo surgery [2]. Literature on the op-
erative management of pulmonary valve (PV) infective endocar-
ditis (IE) is minimal [2–4]. The optimal surgical technique is under
debate. Ozaki reported promising mid-term results of the aortic
valve neocuspidization method [5]. We used this principle for PV
neocuspidization (PVNeo) in 2 patients with right-sided infective
endocarditis.

PATIENTS

Both patients were young males (patient 1 was 39 and patient 2
was 21 years old) with a history of IVDA and hepatitis C. Despite
previous long-term optimal medical therapy, including intrave-
nous antibiotics, their condition progressively worsened, and
they were referred to our hospital. Upon admission, they com-
plained of debilitation, high fever and shortness of breath on
physical exertion. Patient 1 had cachexia (body mass index 15.6)
and hydroperitoneum on observation. A chest X-ray and a

computed tomography scan demonstrated severe two-sided de-
structive pneumonia in patient 1 and left-sided pneumonia with
hydrothorax in patient 2. Blood cultures revealed Staphylococcus
aureus and Escherichia coli in patient 1 and S. aureus in patient 2.
Transthoracic echocardiography demonstrated massive (more
than 1 cm) vegetations and insufficiency of the tricuspid valve
(TV) and PV in both cases. Patients were qualified for surgery be-
cause of ineffective previous medical therapy, severe haemody-
namic compromise, large vegetations and septic embolization to
the lungs.

SURGICAL TECHNIQUE

After a midline sternotomy, a 7-� 8 -cm piece of autopericar-
dium was harvested and treated with 0.625% glutaraldehyde so-
lution for 10 min, followed by triple rinsing in saline for 6 min
each time. Because of severe destruction, the TV was replaced
with a bioprosthesis in both cases. Transverse pulmonary arterio-
tomy 1 cm above the level of the commissures was used to ap-
proach the PV. In patient 2, all 3 cusps were damaged. Video 1
demonstrates annotated guidance of the operative technique in
this patient. Cusps of the PV were excised. The intercommissural
distance was measured, and the corresponding leaflets (two 25 -
mm and one 23 -mm) were trimmed using sizers and a template
developed by Ozaki [5]. The leaflets were fixed to the
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corresponding annulus using a 4.0 polypropylene running suture
in the following sequence: left, non-facing and right. A smooth
pericardial surface should face the right ventricle to avoid throm-
bocytopaenia. Suture starts at the nadir and travels towards the

top of the commissure. New leaflets are larger than native ones;
therefore, significant plication should be performed. Bigger bites
are taken on the patch (ratio 3:1) while suturing near the nadir.
More equal bites (2:1 and 1:1) are taken while approaching the

Video 1. Recording of the essential steps of the pulmonary valve neocuspidiza-
tion procedure with comments. Intraoperative transoesophageal echocardiog-
raphy before and after corrections are demonstrated.

Figure 1: Schematic illustration of a pulmonary valve neocuspidization (A) The
sequence of leaflet replacement and the bite-to-bite ratio is indicated. (B)
Schematic illustration of a pulmonary valve neocuspidization cusp trimming to
correspond to the remaining pulmonary valve leaflets in patient 1. LPS: left pul-
monary sinus; NPS: non-facing pulmonary sinus; RPS: right pulmonary sinus;
PVNeo: pulmonary valve neocuspidization).

Figure 2. (A) Intraoperative transoesophageal echocardiography demonstrating good geometry and function of the reconstructed pulmonary valve in patient 1. (B)
Colour Doppler image showing good haemodynamic performance of the same pulmonary valve neocuspidization after 2 years. (C) Transthoracic echocardiography
(modified short-axis view) demonstrating good geometry and function of the pulmonary valve neocuspidization in patient 2 before discharge. PVNeo: pulmonary
valve neocuspidization.
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commissures (Fig. 1A). At the top of the commissures, sutures are
brought outside of the PA and fixed on pledgets. The final align-
ment of leaflets was achieved by applying a vertical 5.0 polypro-
pylene suture at the top of commissures.

In patient 1, only the right cusp had to be replaced. It mea-
sured 23 mm and was implanted as described above. To corre-
spond to the remaining native leaflets, the height of the PVNeo
cusp was made 5 mm shorter by cutting a 3 -mm strip from the
top and a 2 -mm semilunar strip from the bottom of the cusp
(Fig. 1B).

Intraoperative transoesophageal echocardiography demonstrated
excellent PVNeo valve geometry and function in both cases (Fig. 2A).

RESULTS

The postoperative period of patient 1 was complicated by respi-
ratory insufficiency due to previous destructive pneumonia. He
was discharged on postoperative day 59. At the 2-year follow-up,
the patient is in good condition. On echocardiography, we noted
a TV bioprosthesis with trace insufficiency, Dq 10/5 mmHg and a
PVNeo valve with trace insufficiency, Dq 9/4 mmHg (Fig. 2B).

The in-hospital course of patient 2 was uneventful, and he was
discharged on postoperative day 13. His transthoracic echocar-
diographic scan confirmed excellent PVNeo valve geometry and
function before discharge (Fig. 2C). The patient was readmitted
9 months postoperatively due to repeat endocarditis associated
with continuous drug abuse. Transoesophageal echocardiogra-
phy revealed vegetations on the TV bioprosthesis while the
PVNeo valve was intact. The patient refused redo surgery and
was discharged on medical therapy.

For prophylaxis of PVNeo valve thrombosis, both patients
were given warfarin for 1 month postoperatively and then were
given low-dose aspirin for 6 months.

COMMENT

Right-sided infective endocarditis responds well to optimal medi-
cal therapy. Surgery is reserved for patients with poor reaction to
treatment, persistent bacteremia, severe haemodynamic com-
promise, large vegetations and septic embolization to the lungs.

The behaviour of glutaraldehyde-treated autologous pericardium
used for reconstruction of the aortic valve is comparable to that of
the biological prostheses at the midterm follow-up [5, 6]. The Ozaki
technique has proven its effectiveness in the treatment of aortic
valve pathology with the longest follow-up period of up to 10 and a
half years [5]. Current studies demonstrate minimal differences in the
geometry of the aortic and pulmonary roots [7]. They served as a sci-
entific basis to apply the Ozaki concept for PV reconstruction. Only
several publications report such experiences to date [3, 4, 8]. They all
demonstrate good immediate outcomes. We present our experience
with PVNeo and an excellent up to 2 years follow-up result.

Even despite a good immediate outcome, the risk of reopera-
tion in the IVDA group is high [1]. This outcome is mainly due to
the relapse of intravenous drug use and consequent recurrent
endocarditis. A subgroup of patients, after planned addiction
treatment and proper social support, overcome the risk of intra-
venous reinfection. They will come at the mid- and long-term
follow-up period at a still young age. They should be closely
monitored for possible structural valve deterioration just like any
young patient with a biological valve prosthesis [9]. Therefore, in

patients after PVNeo, all efforts should be made to secure safe
eventual sternal re-entry. A large pericardial defect should be
reconstructed with proper, commercially available synthetic or
biological material. Meticulous haemostasis, complete pericardial
retained blood drainage, aggressive prophylaxis of postoperative
wound infection and mediastinitis will help prevent the develop-
ment of massive dense adhesions.

The PVNeo technique is flexible, and, if necessary, only 1 or 2
destroyed cusps of the native valve may be replaced, as was
done in patient 1 [4]. Materials are readily available, and the
method is economically attractive.

PVNeo is exposed to lower pressure stress than the original
Ozaki valve in the aortic position. If a more delicate PA wall and
annulus are not severely damaged with the infective process, no
additional interrupted sutures are needed to ensure the long-
term competence of a continuous suture line.

PVNeo does not have a rigid stent. It preserves the natural mo-
bility of the right ventricle outflow tract and results in a better
haemodynamic outcome [5, 9]. This valve may be implanted in a
very small annulus without the need for enlargement of the right
ventricle outflow tract [4, 8]. Also, the method avoids the place-
ment of any synthetic material into the bloodstream. These fac-
tors may be the potential advantages of PVNeo over PV
replacement with bioprostheses in terms of better haemody-
namic performance, the safety of the procedure and resistance to
repeat endocarditis [10]. However, a more significant number of
patients is required to prove this concept.
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