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Abstract

Objective: To describe the technique of implantation and
to show the echocardiographic follow-up of the cusped patch
of decellularized homograft used to augment the right
ventricle outflow tract in patients with tetralogy of Fallot.

Methods: Fifhteen patients were submitted this implant
from March 2005 to August 2007.

Results: The mean follow-up was 12.7 months (1-25
months). The echocardiography results showed: pulmonary
insufficiency was mild in nine (60%) moderate in three
(20%) and severe in three (20%); the systolic right ventricle
function was normal in 13 (86.7%) and mild dysfunction in
two (13.3%); 11 (73.4%) did not had any gradient though the
valve and four (26.6%) had mild stenosis; the mobility and
thickness of the valves were normal in all cases; there were
no calcification; one patient had dilated pulmonary annulus
with a Z score of + 2.5.
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Conclusion: In midterm follow-up the decellularized
homograft patch seams to be a good option to treat the right
ventricle obstruction in patients with tetralogy of Fallot.
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Resumo

Objetivo: Descrever a técnica de preparo e a evolugéo
ecocardiografica das cuspides de homoenxerto
decelularizado utilizadas em pacientes com tetralogia de
Fallot.

Meétodos: No periodo de marco de 2005 a agosto de 2007, 15
pacientes foram submetidos ao implante deste tipo de enxerto
e foram acompanhados clinicamente e com ecocardiograma
para avaliar o resultado morfofuncional dos enxertos.
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Resultados: O acompanhamento médio foi de 12,7 meses
(1-25 meses). A analise ecocardiografica em médio prazo
revelou: insuficiéncia pulmonar leve em nove (60%)
pacientes, moderada em trés (20%) e importante em trés
(20%); a funcao sistolica do ventriculo direito esteve
preservada em 13 (86,7%) pacientes e com disfungado leve
em dois (13,3%); 11 (73,4%) pacientes ndo apresentaram
gradientes na via de saida do ventriculo direito (VD), e em
quatro (26,6%) pacientes evidenciou-se a presenca de
estenose leve; a mobilidade da cuspide foi normal em todos
0s pacientes; ndo houve espessamento maior de 1,5mm nas
cuspides analisadas; nédo se detectou nenhuma calcificagéo

INTRODUCTION

The tetralogy of Fallot (TF) represents approximately 10%
of congenital heart diseases, and the cyanotic congenital
heart disease is the most common among them [1]. Although
the patients receive surgical treatment at an older age, the
best age for treatment is within the first six months of life,
and is preferably a surgery for total correction [2-4].

The principles of intracardiac surgical correction have
changed little since their first report by Lilehai in 1954 [5].
The approach of right ventricle outflow tract (RVOT)
stenosis can be performed in several ways, depending on
the morphology of the infundibulum and the pulmonary
valve. The relief is best obtained with the resection of the
infundibulum muscles of the right ventricle and, when
necessary, with pulmonary commissurotomy,
atriopulmonary correction [6]. In order to achieve this, the
minimum acceptable values of two standard deviations
below normal of the pulmonary ring (Z score = -2) and the
right-to-left ventricular maximum pressure ratio (RV/LV 0,75)
[ 7] must be met.

However, for the relief of RVOT stenosis in
approximately 50% of corrections, enlargement with some
kind of synthetic or biological material is necessary, whether
with a valve or without. This kind of material is known as a
“transannular patch.”

Several kinds of transannular patches are used in the
surgical treatment of TF. Among them, we would like to
highlight the bovine pericardium patches with or without
monocuspid, the synthetic tissue patches with monocuspid
of expanded polytetrafluoroethylene (PTFE), and the
cryopreserved homograft patches [8]. All of these patches
have obvious limitations in the search for the best
transannular patch, such as: an inability to grow, calcification
and degeneration, all of which compromise the patch’s
durability [9].
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nas cuspides. Catorze (93,3%) pacientes apresentaram Z
score entre -1 e 0,7 e um (6,7%) paciente apresentou anel
pulmonar com Z score de + 2,5.

Conclusdo: O retalho de homoenxerto decelularizado
parece ser uma boa opc¢ao para a amplia¢do da via de saida
do VD nos pacientes submetidos a correcao total da tetralogia
de Fallot em médio prazo.

Descritores: Tetralogia de Fallot/cirurgia. Cardiopatias
congénitas. Resultado de tratamento. Crianca. Seguimentos.
Transplante homologo.

The clinical outcomes obtained with the use of
decelularized homograft in the RVOT as a valved tube in
the Ross operation were excellent [10]. Based on this
experience with the use of decellularized homografts -
which presented advantages over cryopreserved
homografts because they do not degenerated so quickly
and still remain with their long-term functionality - we began
to use this tissue when enlargement of the RVOT was
needed in patients with TF.

The aim of this study is to describe the technique for
preparing the transannular patch with cuspid of
decellularized homograft, as well as to show the
echocardiographic evolution of these grafts during the
enlargement of the RVOT in the TF.

METHODS

Between March 2005 and August 2007, 51 patients with
TF were operated. In five patients, the performed surgery
was palliative, with a systemic pulmonary shunt. From the
46 remaining children, 18 were operated by only
atriopulmonary access; in 10 patients, the transannular
patch consisted of a bovine pericardium monocuspid; in 2,
the cryopreserved homograft monocuspid; in one patient,
a L-hydro heterograft was used, and in 15, the enlargement
was performed using a valved patch made from
decellularized homograft. This kind of graft was made
available for us from March 2005.

The aim of this study was to perorm follow-ups of the
15 patients with TF who needed enlargement of the RVOT,
and for this procedure, a decellularized homograft was used
as tissue.

This study was carried out at Pequeno Principe Hospital
in Curitiba, Parana in Brazil, and was approved by the ethics
committee of this Institution (CEPSH - HPP 24/2007).

The process used in this study for the preservation and
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decellularization of the graft was the “PUC,” because it
was developed at the Human Heart Valve Bank of Santa
Casa de Misericordia in Curitiba, an institution linked to
the Pontifical Catholic University of Parana (PUCPR).

The homografts are harvested from cadavers that meet
the criteria of organ donors. The hearts are transported to
the Engineering and Cell Transplantation Laboratory —
PUCPR —where the cardiac valves are dissected in laminar
flow and the diameters in this step are measured with
Hegar’s dilator. Next, the valves are immersed for 24 hours
in a nutrient medium (Roswell Park Memorial Institute
(RPMI) containing the antibiotics cefoxitin 240ug/ml,
lincomycin 120pg/ml, B polymyxin 100pg/ml and
vancomycin 50ug/ml, according to current protocol at the
Human Heart Valve Bank of Santa Casa de Misericdrdia in
Curitiba. After this step, the valves are decellularized with
sodium dodecyl sulfate (SDS) (a process which lasts 10
days), and kept in the nutrient medium (RPMI) with
antibiotics at 4°C until the implant. At the end of the
procedure, a control histological analysis is performed to
confirm complete decellularization [11].

Out of these 15 patients, two have already been
operated for total correction of TF and were re-operated to
correct restenosis in RVOT.

The age of this group of patients ranged from 2 months
to 11 years. The mean age for patients who underwent the
first surgery was 15.2 months, and was 8 years for patients
who underwent reoperations.

After installation of cardiopulmonary bypass with
moderate hypothermia (32°C) and myocardial protection
with multidose blood cardioplegia (4:1) at 4°C (Braile
Biomédica®), the right atrium is opened, and the exploration
of the right ventricular cavity is performed through the
tricuspid valve. The surgeons must then decide whether
the procedure will be performed through only
atriopulmonary access - that is, without ventriculotomy.
Otherwise, the pulmonary ring will be enlarged the minimum
amount needed to relieve the RVOT. This ring is measured
with gratuated measuring instruments and compared to the
pulmonary ring size table that determines a ring size based
on surface area of the body.

Because the size of aortic or pulmonary cuspid in adults
can vary by only a few millimeters and because only one
cuspid will be used, we were able to choose any graft
between 17mm and 23mm in diameter. As opposed to the
cryopreserved grafts (which require about 30 minutes of
preparation), the decellularized grafts come packaged and
ready to use. The packaging is opened, the graft is inspected,
and one of the larger cuspids is selected. The graft is cut to
fit a segment of the aortic or pulmonary wall that is distal to
this cuspid. This procedure is done in such way that the
cuspid edge can be at the same level of the edges of the
pulmonary valves after the implant (Figures 1 to 3).

Fig.2 — Sectioned homograft in its longitudinal axis. In detail, the
preservation of the anterior leaflet of the mitral valve

Fig.3 — Aortic monocuspid homograft with the anterior leaflet of
the mitral valve
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The preference is given to pulmonary homografts if the
ventriculotomy can be minimal (Figure 4). Aortic homografts
are preferred in cases of hypoplastic infundibula because
the aortic-mitral valve contiguity allows for the anterior
leaflet of the homograft mitral valve to be used as
complement during the ventriculotomy closure “below” the
monocuspid (Figure 5). In cases in which the pulmonary
homograft was used and the graft extension proved to be
necessary for the ventriculotomy closure, a segment of
bovine pericardium was used (Figure 6).

Fig. 4 — Pulmonary monocuspid homograft implantation

B s 7 g
Fig. 5— Aortic monocuspid homograft implantation with extension
of the anterior leaflet of the mitral valve
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Fig. 6 — Pulmonary monocuspid homograft implantation with bovine
pericardium extension

The closure of interventricular communication is
performed using the tricuspid valve with bovine
pericardium or a PTFE patch. Next, the transannular patch
of decellularized homograft is carefully implanted to put
the edge of the cuspid on the same level of the patient’s
cuspids. A bicuspid graft was used in one patient and a
monocuspid in the others. At the end of the procedure, the
RV/LV pressure ratio was taken for all patients.

To evaluate these grafts, the patients received follow-
up exams during the immediate postoperative period and
after being discharged. The patients received both clinical
and echocardiographic evaluations. Doctors compared the
echocardiogram scores from the exam performed before
discharge to the scores from the exam that was performed
during the outpatient appointments. This comparison is
made in an attempt to evaluate:

a) Pulmonary insufficiency: the pulmonary insufficiency
was evaluated by color Doppler in parasternal short axis
position with visualization of the largest possible area of
the right ventricle and pulmonary valve. Pulmonary
insufficiency —when the reflux occurred in the juxta-valvar
right ventricle outflow tract — was slight. When the reflux
area took up 20% to 40% of the right ventricle, the
pulmonary insufficiency was moderate; and when the reflux
area was greater than or equal to 40% of the total area of
the right ventricle (and also if there was a holodiastolic
increase in the pulmonary branches), the pulmonary
insufficiency was considered severe;

b) RV function: RV function was evaluated by the
ejection fraction using the Simpson method, and was
considered normal if it was above 48%;

¢) RVOT gradient: Expressed as peak gradient. Slight
stenosis was defined as peak gradient between 0 and
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20mmHg; moderate stenosis was defined as peak gradient
greater than 20 and 40mmHg, and stenosis was considered
severe when the gradient was greater than 40mmHg;

d) Homograft cuspid mobility: classified as normal or
reduced;

e) Leaflet thickness: leaflet was considered absent if it
had a thickness of less than 1.5mm; moderate if it had a
thickness between 1.5 and 3mm, and severe if it had a
thickness greater than 3mm;

f) Presence of calcification: classified as present or
absent;

g) Pulmonary “ring” size (Z score): we define pulmonary
ring as the region just below the coaptation of the patient’s
cuspids with the homograft. For calculation of the Z score,
we used the information from the nomograms table relative
to the body surface.

In this study, the results are limited to analysis of the
last echocardiogram performed in the patients.

RESULTS

The 15 patients survived and received follow-up
outpatient care, where they were evaluated using clinical
examinations and echocardiography. The mean evolution
was 12.7 months, ranging from 1 to 25 months.

The patients are clinically well, in New York Heart
Association functional class | or II.

The echocardiographic analysis of the last return
revealed the following:

a) Pulmonary insufficiency: nine (60%) patients
presented mild pulmonary insufficiency, three patients
(20%) were moderate, and three (20%) were severe;

b) RV funtion: 13 patients (86.7%) presented preserved
RV systolic function and two patients (13.3%) presented slight
systolic dysfunction (EF by Simpson of 31 and 39%);

c) RVOT gradient: 11 patients (73.4%) did not present
RVOT gradients, and in four patients (26.6%), there was
slight pulmonary stenosis;

d) Homograft cuspid mobility: normal in all patients;

e) Leaflet mobility: there was no thickening greater than
1.5mm in the analyzed leaflets;

f)Calcification: there was not calcification in
decellularized cuspids;

g) Pulmonary “ring” size (Z score): 14 patients (93.3%)
presented Z score between -1 and 0.7 and only one patient
(6.7%) presented pulmonary ring with a score of Z +2.5.

DISCUSSION

Our purpose for patients with good TF anatomy is
always total primary correction, at any age and in both
elective and emergency surgeries.

Currently, in terms of surgical of correction of TF, the

main question is about how to enlarge the RVOT. Because
there are several aspects regarding the enlargement, we
must decide how much the pulmonary ring should be
enlarged. We must consider which tissue should be used
in this enlargement and how to provide competency to the
pulmonary valve in short- and long-term.

This study aims to show an alternative to the RVOT
enlargement using a homologous and decellularized tissue
(with cuspid). In this way, we put forward a theoretical
attempt at a graft with greater durability potential than those
currently available.

Two main aspects must be emphasized when the
enlargement is necessary: first, the late functional evolution
of the patients operated on for TF will be better if the
presence of pulmonary insufficiency was minor; secondly,
the absence of arrhythmias seems to be an important factor
for long-term survival [12-14]. Thus, when the RVOT is
needed, it should aim for a minimum ventriculotomy, because
less healing in ventricular tissue seems to be related to a
lower incidence of arrhythmia, as well as the use of some
kind of valve mechanism to minimize the occurence of
pulmonary insufficiency [15-17].

The minimum ventriculotomy is an easy step during a
surgical procedure; however, pulmonary valve competency
remains a challenge for cardiovascular surgeons. Thus,
because the patients are still operated in the first year of
life, the use of a valve mechanism needs to solve the
problems of durability (which are growth and the absence
of degeneration) [18-19].

Recently, a new kind of biological tissue processing
has been arousing great interest. This process is called
decellularization, and consists of several chemical
treatments that allow for the decellularization of the
valve cuspids and the tube arterial walls. For
decellularization, others have proposed the use of
trypsin, sodium dodecyl sulphate, octyl
phenoxyethanol, deoxicolic acid, hypo- and hypertonic
solutions, enzymes such as RNAse and DNAse,
ethanol, and glycerol. Apart from the current
methodology, the aim is to obtain an acellular tissue
without damaging the components of the extracellular
matrix, such as collagen and elastic fibers, as well as to
keep macromolecules proportions intact. Thus, the
purpose is to obtain an immunologically inert matrix
with preserved biomechanical properties that is non-
cytotoxic and totally biocompatible [20-21].

Decellularized homografts are already in clinical use,
especially for replacement of RVOT as a conduit for the
Ross surgery, and with a fair functional outcome. These
studies have shown that decellularized grafts may be related
to a lower immune response when compared with
cryopreserved grafts [22-25].

Although there are many available processes of
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decellularization, all grafts in this study were decellularized
with the technique described as “PUC,” which was
completely arranged by the Human Heart Valve Bank of
Santa Casa de Misericordia in Curitiba.

We understand that decellularization as a technology
for tissue preparation may bring benefits to patients with
TF. We emphasize that the availability of these grafts is
limited because they depend on organ donations.

The analysis of any valve substitute should be done
the in short-, mid- and long-term. In this study of patients
with TF, the immediate analysis is impaired in terms of
insufficiency because, since the right ventricle is very
hypertrophic and not very complacent, it is not possible
to perform an accurate evaluation of pulmonary
insufficiency. The echocardiogram uses the same
evaluation methods for aortic insufficiency to evaluate
pulmonary insufficiency; however, all of these methods
present limitations for pulmonary valve evaluation [26].
Another aspect to note is that, when comparing patients
with the same degree of pulmonary insufficiency, those
who have an intact infundibulum present a better long-
term evolution [27].

As the aim of this study is to improve the mid- and
long-term evolution of the patients who underwent surgical
correction, we simply analyzed the patients’ last
echocardiograms.

The immediate evolution of the patients operated on
for TF is currently very good; however, we should be
concerned with the long-term evolution. In this study, we
used the echocardiographic follow-up results to show that
the RVOT enlargement in patients who received the
decellularized homograft was fair immediately after surgery
and during the midterm evaluation.

The absence of any calcification and the presence of
normal mobility and thickness of the cuspids are the main
factors that encourage us to prefer these substitutes to
other substitutes, such as the bovine pericardium grafts,
which are known to present rapid calcificam after
implantation [28].

This kind of transannular patch was effective, both to
prevent restenosis and for pulmonary valve efficiency.
However, this kind of graft is limited by its availability.
Finally, it is worth noting that, for an evaluation of restenosis
or late pulmonary insufficiency, we need a more long-term
follow-up of these patients.

CONCLUSION

The decellularized homograft patch with cuspid seems
to be a good option for right ventricle outflow tract
enlargement in patients who underwent total correction of
TFinan mean period of 12.7 months and at a maximum of 25
months.
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