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Introduction: The native pulmonary valve (PV) reconstruction is an attractive alternative to a replacement but is
challenging due to the systematic underdevelopment of the valve structures in congenital heart diseases. The
partial replacement of underdeveloped parts of the valve and saving of well-developed may have advantages
versus replacing the whole valve in terms of durability and patient outgrowth of the prosthesis.

Case presentation: This report describes a case of the PV reconstruction by allograft replacement of an under-
developed anterior leaflet in an adolescent patient who previously corrected pulmonary stenosis during the first
year of her life. The normal anatomy of the right and left leaflets was revealed. The rudimental anterior leaflet
determined the annular restenosis. The monocusp with the related supporting aortic wall was sewn instead of the
anterior leaflet. The Z-score of the pulmonary annulus changed from minus 3, 9 before to +0.8 after the pro-
cedure. The excellent function of the PV was observed in 1-year follow-up.

Discussion: Valve deterioration over time will have a less negative impact on the function when it occurs in a
limited area. The annular dilatation becomes unlikely if the annulus predominantly consists of natural tissues.
The procedural effectiveness allows the transcatheter valve-in-valve therapy in case of late dysfunction. The
expected feature of the procedure described is that the growth of the PV remains possible.

Conclusion: If allograft replacement of the PV is scheduled and allograft is available, the partial replacement may
be superior to replacement of the whole valve in terms of durability and patient outgrowth of the prosthesis.

1. Introduction 2. Case report

Despite decades of research, the problem of a device for replacing the
pulmonary valve has not been ameliorated. Biological substitutions

The patient was a 12-year-old girl referred by a family physician to
our hospital. At admission, she had no complaints and had previously

carry a high risk of reoperation [1]. Mechanical prostheses require a
strict anticoagulation regime, associated with a lifelong risk of throm-
boembolic events [2]. The flexible synthetic materials such as expanded
polytetrafluoroethylene [1] and polycarbonate urethane [3] have been
introduced, but the long-term clinical evaluation is yet to be performed.
In light of these shortcomings, native valve reconstructive procedures
are of high interest.

This report describes a case of pulmonary valve reconstruction by
allograft replacement of only an underdeveloped anterior leaflet in a
case of late combined pulmonary restenosis after early primary repair.

undergone suture closure of an atrial septal defect and pulmonary valve
commissurotomy at ten months. There were rough fibrous changes in
the cusps and fusions along the lines of coaptation found in the primary
operation. At the current presentation, echocardiography showed mild
pulmonary insufficiency and a transpulmonary gradient at the rest of
106 mm Hg caused by annular and supra-annular narrowing.

Allograft replacement was planned in the form of a conduit between
the right ventricular and pulmonary trunk. The operation was per-
formed via a median sternotomy with cardiopulmonary bypass and
blood potassium cardioplegia. The supra-annular stenosis was measured
as 8-10 mm with an annular diameter of 12-14 mm that corresponds to
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the initial Z-score value minus 3.9.

The transannular incision unexpectedly revealed that the anatomy of
the left and right leaflets was preserved. The anterior leaflet had a small
length at the annular bracing with the forming of the annular stenosis.
The leaflet was changed with the formation of a rough fibrous body
(Fig. 1la). A decision was made to replace only the underdeveloped
anterior leaflet while creating a tricuspid structure similar to the native
valve.

The anterior leaflet was removed, and the transannular incision was
limitedly extended within the myocardium of the right ventricle. The
noncoronary monocusp with the related supporting aortic wall segment
was cut from fresh aortic allograft. It turned out to be proportional to the
pulmonary leaflets of the patient (Fig. 1b). The monocusp was sewn in
the transannular incision by running a 5/0 polypropylene suture using
the allograft wall segment for a partial extension of the supra-annular
stenosis along the anterior wall of the pulmonary trunk (Fig. 1c). Two
additional xenopericardial patches were used to repair the supra-
annular stenosis along the posterior and anterior pulmonary walls.

The final annular size was measured as 22 mm, and the trunk
diameter was 24 mm. The postoperative Z-score of the pulmonary
annulus was +0.8 (Fig. 2). Transthoracic ultrasound examination
showed a pulmonary valve gradient of 12 mm Hg with minimal regur-
gitant flow. A follow-up was conducted 1 year after the operation with
the same echocardiographic findings.

The case has been reported in line with the SCARE 2020 criteria [4].

3. Comment

Pulmonary valve replacement is performed for the primary or late
correction of a variety of congenital heart diseases. Allograft and
xenograft valves are most commonly used with a high reoperations rate
due to structural valve deterioration [1]. The mechanical valve pros-
thesis was offered to minimize the number of re-operations [5]. How-
ever, mechanical prostheses require a strict anticoagulation regime with
a life-long risk of thrombosis and bleeding events. It is especially sig-
nificant in a pulmonary position demanding target values of PT-INR
should be kept at the level of 3-3,5 [2]. Both types of prosthesis
would carry on a possibility of patient outgrowth of prosthesis if small-
sized prosthesis was initially implanted [6].

Expanded polytetrafluoroethylene (ePTFE) [1] and polycarbonate
urethanes [3] were introduced recently as a pulmonary valve substitu-
tion, but the long-term clinical evaluation is yet to be performed.

A repair of the native pulmonary valve would be the best option, but
it is a challenge due to the systematic underdevelopment of the valve
structures in congenital heart diseases. These circumstances define a
narrow set of conditions in which pulmonary valve repair may be
applicable [7].

In this light, the partial replacement of underdeveloped or damaged
valve structures with a saving of normal or recoverable ones may be
more beneficial in terms of durability versus whole valve replacement.
The pulmonary valve reconstructions by partial replacement underde-
veloped or damaged single cusp with bovine pericardium [8] or ePTFE
[1] were reported on in cases of bacterial endocarditis and late correc-
tion of congenital defect correspondently. No reports have been found
regarding partial replacement of pulmonary valve structures with allo-
graft tissues, probably due to limited availability and the high cost of
such prostheses.

The allograft monocusp implantation in pulmonary position is a
known procedure for the primary correction of congenital defects with
underdeveloped right ventricular outflow tract [9]. The monocusp is
sewn in the pulmonary trunk of small size, giving a dominant part of
valve function without restoration of the tricuspid structure. In contrast,
in the case described here, the monocusp becomes a part of the tricuspid
pulmonary valve structure and provides only one-third of the valve
function.

The heterogeneity of biodegradation includes the annular dilatation
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with stress fenestrations, fenestration resulting from the weakening of
allograft tissue, the loss of flexibility over time, calcification and others.
These have a less negative impact if they occur in the singular leaflet
than in all structures. Moreover, annular dilatation and related stress
fenestrations become unlikely when two-thirds of the annular perimeter
is natural tissues.

The presence of two developed leaflets, in this case, suggested that
the pulmonary valve be repaired by bicuspidization [7]. However,
bicuspidization assumes that there is annular dilatation and sufficient
leaflets area and may be used in cases of valve insufficiency rather than
stenosis. Also, it has been reported that in contrast to a bicuspid or a
quadricuspid structure, the tricuspid valve could produce a larger orifice
area and higher contact point, even with different sizes of cusps [10].
The dynamics of pulmonary annulus size and Z-score value in the case
supports the effectiveness of tricuspidization (Fig. 2). If dysfunction of
the replaced parts of the pulmonary valve will still be developed over
time, the transcatheter valve-in-valve therapy might be used because of
sufficient pulmonary annulus size.

The expected feature of the procedure described is that the growth of
the pulmonary valve remains possible.

The initial condition of the leaflets at the first operation was not seen
as having the potential to develop normal anatomy. It was unexpected to
see the developed right and left cusps, thus highlighting the importance
of careful handling with pulmonary leaflets during any procedure, even
those not implying use of the function of the native valve. The saved
leaflets may be used for valve repair in the future.

In conclusion, if allograft replacement of the pulmonary valve is
planned and fresh or cryopreserved pulmonary or aortic allograft is
available, the partial replacement may be superior to replacement of the
whole valve in terms of durability and patient outgrowth of the pros-
thesis. Although the long-term durability has yet to be proven, the re-
sults of the 1-year follow-up assessment are encouraging.
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Fig. 1. (a) The stenotic pulmonary valve. FB: the fibrous body on the rudimental anterior leaflet.
(b, ¢) Pulmonary valve views during repair. AL: allograft leaflet with wall segment; NL: the native leaflets; XPP: the xenopericardial posterior patch for supra-annular
stenosis repair;
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Fig. 2. Dynamics of pulmonary annulus size and Z-score value.
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