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Right-Side Transcatheter Valve Replacement with “Valve-In-Valve”
Technique in Congenital Heart Disease: Initial Experience in Argentina

Reemplazo percutaneo de valvulas cardiacas derechas con técnica “valvula en valvula” en
cardiopatias congénitas: experiencia inicial en Argentina

ALEJANDRO PEIRONE! MTSAC. FPICs.© AL EJANDRO CONTRERAS' MTA¢.®, MARCELO CABRERA', EDGARDO BANILLE" @,
ANTONIO GUEVARA', IGNACIO JUANEDA!" MTAC. G CHRISTIAN KREUTZER'- MTA¢.®, CARLOS PEDRAZ ¢S

ABSTRACT

Background: Surgical replacement using bioprostheses is a frequently used strategy to treat right-side heart valves dysfunction in
congenital heart disease.

Objective: The aim of this study was to present the initial experience in Argentina with right-side bioprosthetic valve ring fracture/
remodeling and subsequent transcatheter valve-in-valve replacement in patients with congenital heart disease.

Methods: This was a descriptive and observational study including all patients treated with transcatheter replacement due to bio-
prosthetic valve dysfunction.

Results: From August 2021 to May 2023, 5 patients (3 female) with right-side bioprosthetic dysfunction underwent transcatheter
intervention as an alternative to de novo surgical replacement. Mean age was 21.2+9.20 years and mean weight 56.2+22.2 kg. Five
balloon expandable valves were implanted: 3 in pulmonary position and 2 in tricuspid position, in 4 cases with previous fracture of
the valve ring. In all cases, valve function was restored without complications. During follow-up, moderate right valve incompetence
was observed in one case.

Conclusion: Transcatheter “valve-in-valve” replacement in dysfunctional right-side heart bioprostheses is an attractive and safe
strategy in selected cases, which restores competence and eliminates obstructions. This approach is a reasonable option as alterna-
tive to de novo surgical valve replacement.
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RESUMEN

Introduccion: El reemplazo quirirgico con colocacion de bioprétesis es una estrategia utilizada frecuentemente para tratar valvu-
lopatias del corazén derecho en cardiopatias congénitas.

Objetivo: Presentar la experiencia inicial en Argentina con fractura/remodelacién del anillo valvular en bioprétesis valvulares dere-
chas y posterior reemplazo percutaneo “valvula en valvula” en pacientes con cardiopatias congénitas.

Material y métodos: Estudio descriptivo y observacional. Se incluyeron todos los pacientes tratados con reemplazo percutédneo de-
bido a disfuncién de prétesis valvular biolégica.

Resultados: Desde agosto de 2021 hasta mayo de 2023, 5 pacientes (3 de sexo femenino) con disfuncién de bioprétesis derechas re-
cibieron tratamiento percutaneo como alternativa a la realizacion de un nuevo reemplazo quirtrgico. La edad media fue 21,2 + 9,2
anos , el peso medio fue 56,2 = 22,2 kg. Fueron implantadas cinco valvulas balén expandibles: 3 en posicion pulmonar y 2 en posicién
tricaspide y en 4 casos, con fractura previa del anillo valvular. En todos los pacientes se restauro la funcién valvular, sin complica-
ciones. En el seguimiento, en un sé6lo paciente se objetivé insuficiencia valvular moderada derecha

Conclusion: El reemplazo percutdaneo “vélvula en valvula” en bioprétesis disfuncionantes derechas es una estrategia atractiva y se-
gura en casos seleccionados, que restaura la competencia y elimina las obstrucciones. Esta estrategia es una opcién razonable como
alternativa a la realizacién de un nuevo recambio valvular quirargico.
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INTRODUCTION

Bioprosthetic valves (BPV) with ring are commonly
used for right-side surgical valve replacement in con-
genital heart disease. Satisfactory short and mid-
term clinical and hemodynamic outcomes have been
shown, though frequently valve dysfunction develops
during evolution. Data of BPV durability in tricuspid
position are scarce. It is estimated that freedom from
reoperation reaches 81% at 10 years post-implanta-
tion, though 42% presents echocardiographic valve
dysfunction in the same time period. In addition, in
patients requiring tricuspid valve implantation before
16 years of age, most bioprostheses are dysfunctional
at 5 years post intervention, with valve regurgitation
being the main cause in up to 89% of cases. (1) In BPV
in pulmonary position, freedom from de novo valve re-
placement and valve failure/dysfunction at 10 years
is estimated at 51.7% and 20.2%, respectively. Young
age, diagnosis of pulmonary atresia with ventricular
septal defect and valve implantation without stent are
among the de novo surgery risk factors.

Transcatheter “valve-in-valve” technique is avail-
able for the treatment of valve dysfunction. However,
it may reduce even more the internal BPV diameter,
especially in prostheses of small caliber, which can
potentially lead to functional stenosis or patient-pros-
thesis mismatch. (3) The intentional fracture or re-
modeling of the BPV ring in pulmonary and tricuspid
position is an attractive technique to achieve a larger
internal diameter and better hemodynamic outcome
in this strategy, avoiding patient-prosthesis mismatch.
Published data on transcatheter “valve-in-valve” re-
placement (TVVR) in right-side valve bioprostheses
for congenital heart disease are very limited.

The objective of the present study was to present
the initial experience in Argentina with BPV ring
fracture/remodeling and subsequent TVVR in pa-
tients with congenital heart disease.

METHODS

This was a descriptive, observational study including all
patients treated with TVVR due to BPV dysfunction. The
BPV had been previously implanted as part of the initial
correction of a congenital heart disease. Valve dysfunction

in pulmonary position was defined as peak pressure gradi-
ent 240 mmHg or the presence of at least moderate valve
incompetence demonstrated by color Doppler echocardi-
ography. Tricuspid valve dysfunction was defined as the
presence of moderate to severe incompetence, and/or mean
gradient =9 mmHg.

Color Doppler echocardiograms before, during hospitali-
zation/discharge and during follow-up were performed by a
single experimented cardiac physiologist (AC) to standardize
the interpretation of the findings.

The valve ring rupture/remodeling strategy and subse-
quent “valve-in-valve” implantation was performed accord-
ing to usual standardized techniques. (5) The ultra-high
pressure non-compliant balloon selected for the fracture was
of the same size or up to 1.5 mm larger than the nominal
diameter of the bioprosthesis to be fractured. The rupture
pressure applied was as needed to achieve the objective and
did not exceed 12 atmospheres (Figures 1 and 2). The diam-
eter of the balloon-expandable valve to be implanted was se-
lected between 0.5 and 2 mm larger than the nominal/com-
mercial BPV diameter. All the patients received aspirin 100
mg/day indefinitely after valve implantation.

Statistical analysis

Data collection and statistical analysis was performed ac-
cording to guidelines for reporting morbidity and mortality
after cardiac valve interventions. (6) Categorical variables
are expressed as percentages and continuous variables as
mean and standard deviation (SD) or median and interquar-
tile range (IQR), as appropriate. The distribution of continu-
ous variables was analyzed using the Kolmogorov-Smirnov
test. SPSS 24 software package was used for the statistical
analysis.

Ethical considerations

Intentional BPV fracture and subsequent balloon-expanda-
ble valve implantation with “valve-in-valve” technique as an
alternative to de novo surgical replacement was approved
by the institution’s ethical committee. All adult patients or
their parents/tutors in case of underage patients signed a
health information act before the procedure. This study was
performed following the Declaration of Helsinki recommen-
dations for observational studies reviewed in 1989.

RESULTS

From August 2021 to May 2023, 5 patients with right-
side valve bioprosthetic dysfunction received TVVR
as alternative to de novo surgical valve replacement.

Fig. 1. (A) Angiography of
Epic Supra™ (St Jude Medi-
cal, USA) dysfunctional bio-
prosthesis in pulmonary po-
sition in strict 90 °left lateral
oblique projection. (B) Ultra-
high pressure non-compliant
balloon to produce inten-
tional valve ring fracture. (C)
Fractured valve ring (arrow). .
(D) Angiography in the same
initial projection: Myval™
balloon-expandable  valve
(Meril, India) implanted with
“valve-in-valve” technique in
pulmonary position.
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Fig. 2. (A) Angiography of
Epic Supra™ (St Jude Medical,
USA) dysfunctional biopros-
thesis in tricuspid position in
45 °right anterior oblique pro-
jection. (B) Ultra-high pres-
sure non-compliant balloon
to produce intentional valve
ring fracture. (C) Fractured
valve ring. (D) Angiography
in the same initial projection:
Myval™ balloon-expandable
valve (Meril, India) implanted
with “valve-in-valve” tech-
nique in tricuspid position.

Mean age was 21+9.20 years, mean weight 56.2+22.2
kg and 60% of patients were female. T'wo patients had
initial diagnosis of tetralogy of Fallot, two of Ebstein’s
disease and the remaining patient idiopathic dilation
of the pulmonary artery trunk with severe valve in-
competence. All the patients had functional class (FC)
III/IV symptoms of heart failure. In one case, BPV in-
fective endocarditis had been diagnosed in tricuspid
position 6 months before the percutaneous interven-
tion.

Regarding valve dysfunction, three patients pre-
sented prosthetic dysfunction with predominant pul-
monary valve stenosis, one with pure tricuspid steno-
sis and the remaining patient with double tricuspid
anomaly (Table 1). Mean time between the surgi-
cal implant and the percutaneous intervention was
6.1+2.6 years.

During TVVR, four patients underwent intention-
al bioprosthesis ring fracture using ultra-high pres-
sure non-compliant balloons [Atlas Gold ™ or True
Balloon™ (Bard, USA)] with diameter equal to or up
to 1.5 mm greater than the nominal/commercial size
of the ring to be fractured and mean rupture pres-
sure of 9.7+2.6 atmospheres. In all cases rupture was
achieved during the first high pressure inflation and
then balloon-expandable valves were implanted dur-
ing the same intervention. In no case was concomitant
transient pacemaker stimulation necessary during
valve implantation. In the four patients who received
intentional ring fracture, the final size of the im-
planted valve was 1.2 mm larger (0.5-2 mm) than the
initial bioprosthesis nominal/commercial diameter. In
all cases, the transvalvular gradients were resolved
(peak pulmonary gradients decreased from 74 mmHg
to 13.6 mmHg and mean tricuspid gradients were re-
duced from 11.2 mmHg to 3.2 mmHg) with absence
of immediate post implant valve incompetence (Table
2). Mean radioscopy time was 19.3+10.3 minutes. Pa-
tients remained hospitalized for a median of 24 hours
and mean follow-up time was 13.8+6.2 months. No
immediate complications or during short or mid-term
follow-up were recorded.

Follow-up color Doppler echocardiogram showed

mean pulmonary gradient of 16+3.6 mmHg and tri-
cuspid gradient of 6.6=1.2 mmHg. Only one patient
developed moderate tricuspid valve incompetence.
Clinically, improvement to FC I was observed in four
patients and to FC II in the remaining case, and no
deaths, valve explants, events of infective endocarditis
or need for another reintervention were encountered.

DISCUSSION

Surgical replacement of right-side dysfunctional valves
(among them tetralogy of Fallot or Ebstein’s disease)
with bioprosthesis implantation is a widely used strat-
egy, based on its ample availability, lack of need for
posterior anticoagulation and good results compared
with mechanical prostheses. (7,8) Most bioprostheses
have been used off-label for surgical replacement in
these positions since their initial development was
for aortic valve replacement. These bioprostheses de-
velop progressive impairment, manifested as stenosis
and/or incompetence with pathological changes that
include calcification, thickening, pannus formation,
thrombosis, tears, and inflammation, potentially re-
lated to the occurrence of infective endocarditis. (9)
It is generally accepted that BPV remain stable up
to 5 years post implantation. However, nearly 80% of
patients require a reoperation, or will manifest sig-
nificant dysfunction at 10 years after bioprosthesis
placement. A small pulmonary bioprosthesis and age
below 13 years were identified as risk factors for early
reintervention. (10) Kwak et al. (11) reported that age
under 20 years is associated to greater incidence of
dysfunction compared with adult patients, even with
larger bioprosthesis diameter.

A de novo surgical valve replacement has been the
most accepted conduct following these bioprostheses
dysfunction, though this technique is associated with
increased morbidity and mortality risk, especially in
patients with congenital heart diseases and multiple
previous surgeries. (12) The TVVR technique is not
new, as there is experience in left bioprosthesis dys-
function, mainly when the prevalent dysfunction is
regurgitation. (13) Conversely, in cases of pure valve
stenosis, prosthesis dysfunction may coexist with
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Table 1. Baseline patient characteristics

Age Gender Weight Disease Type of prosthetic Transvalvular Functional
(years) (Kg) dysfunction gradient class
#1T 17 Male 73 Ebstein Tricuspid stenosis 11%* 1l
#2T 16 Female 36 Ebstein Tricuspid stenosis/ 11%* vV
regurgitation
#3P 36 Male 86 Idiopathic pulmonary Pulmonary stenosis 76%* I}
dilation
#4P 24 Female 48 Tetralogy of Fallot Pulmonary stenosis 67** 1l
#5P 13 Female 38 Tetralogy of Fallot Pulmonary stenosis 79** 1l

P: Pulmonary; T: Tricuspid; *: Mean tricuspid transvalvular gradient; **: Maximum pulmonary transvalvular gradient

* and ** expressed in mmHg.

Table 2. Transcatheter procedure and outcomes

Bioprosthesis Number  High pressure High pressure
fracture balloon

#1T St Jude Epic 25 Yes True Balloon
26 mm (12 atm)

#2T Hancock 25 No No

#3P St Jude Epic 27 Yes Atlas Gold
26 mm (7 atm)

#4P St Jude Epic 21 Yes Atlas Gold
22 mm (12 atm)

#5P St Jude Epic 23 Yes True Ballon

24 mm (8 atm)

Implanted Number Residual Follow-up  Regurgitation
valve gradient  functional
class

Myval 26 1.4* | Moderate
Myval 23 6* Il No
Myval 27.5 19** | No
Melody 22 11x* No
Myval 24.5 14%* No

atm: atmospheres; P: Pulmonary; T: Tricuspid; *: Mean tricuspid transvalvular gradient; **: Maximum pulmonary transvalvular gradient

* and ** expressed in mm Hg.

patient-prosthesis mismatch, so it is logical to as-
sume that transcatheter valve implantation might
reduce even more the ring size and not solve valve
narrowing. However, Allen and Johansen (3,14) dem-
onstrated that bioprostheses can be fractured using
ultra-high pressure non-compliant balloons with
diameter at least 1 mm larger than the nominal/
commercial implanted valve diameter, except with
Trifecta (Abbott, USA) and Hancock II (Medtronic,
USA) bioprostheses. This strategy allows “valve-
in-valve” implantation, decreasing the problem of
patient-prosthesis mismatch. The rupture pressure
required varied between 8 and 24 atmospheres and
the ring fracture was followed by an immediate drop
of pressure in the balloon and frequently an audible
“crack”.

Recently reported results using this technique in
BPV in tricuspid and pulmonary position, followed by
TVVR, demonstrated a patent clinical improvement,
a significant increase in the bioprosthesis internal di-
ameter and better hemodynamic outcomes after tran-
scatheter valve implantation. (15,16)

It is probable that to achieve a successful frac-
ture, other variables beyond the bioprosthesis type

and size should be considered in the bioprosthesis
rupture/remodeling technique, including tissue re-
modeling inside and around the valve, as well as
the geometry of the implant location. Nonetheless,
we followed the recommendation about the use of
ultra-high pressure non-compliant balloons, with a
size at least 1mm larger than the true internal di-
ameter, and up to 3-5 mm larger than the true in-
ner diameter (3,15) and with this strategy, we were
able to intentionally fracture all the rings during
the first inflation. The only patient of this cohort
with a non-fracturable Hancock II bioprosthesis
(Medtronic, USA), presented FC IV, a previous epi-
sode of infective endocarditis and small body surface
area, which led us to consider that TVVR would not
lead to patient- prosthesis-mismatch. It is pertinent
to emphasize that the maximum final expansion of
a fractured bioprosthesis is not clearly defined, as
there are variables inherent to the valve and also to
the surrounding tissue that affect the final diameter.
(3,17) It is also discussed whether stent implantation
prior to TVVR is necessary to avoid fractured valve
recoil, though observations suggesting differential
forces contributing to this effect have not been clear-
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ly established. (18) Therefore, we consider that bal-
loon- expandable valve implantation with adequate
radial force is enough to mitigate the possibility of
subsequent recoil, thus avoiding the implantation
of an additional stent. In parallel, it has also been
suggested that the intentional ring fracture could be
performed after TVVR, although this strategy pre-
sents the hypothetical risk that ultra-high-pressure
balloons could damage the valve and/or distort the
implanted percutaneous valve skeleton. (19)

Another point to highlight is the occurrence of
infective endocarditis in patients with bioprostheses
and TVVR. According to Cabalka et al. reports (20)
the relative risk is not greater compared with tran-
scatheter valve replacement on a homograft or other
types of conduits. However, this association deserves
to be studied in depth, especially due to data pub-
lished in the Society of Thoracic Surgeons registry, in
which 12% of adult patients requiring surgical pulmo-
nary valve replacement after percutaneous interven-
tions had a history of infective endocarditis. (21) In
the previously mentioned multicenter study (20), the
occurrence of infective endocarditis prior to TVVR
was not associated with adverse events nor negatively
impacted in the results during follow-up.

To conclude, we consider that the collaboration be-
tween cardiovascular surgeons and hemodynamic spe-
cialists to define the type of bioprosthesis to implant,
and the long-term management is essential to achieve
the success of this strategy.

Limitations

There are limitations in this study. The data were
retrospectively collected from a single center with
experience in transcatheter valve implantation, so
the results presented might not be of general applica-
tion. In addition, selection bias could have occurred
in the incorporation of high-risk patients with dys-
functional bioprostheses. Finally, this is an initial and
preliminary report of a novel procedure with valves
approved off-label for use in the right ventricular in-
flow and outflow tract, with evident need of a longer-
term follow-up.

CONCLUSIONS

Right-side valve TVVR in patients with congenital
heart diseases is an attractive and safe strategy in
selected cases, which restores competence and elimi-
nates obstructions in dysfunctional bioprostheses. In-
tentional BPV fracture is an effective, technically safe
and efficient intervention to increase the diameter of
a valve to be implanted and is a reasonable alterna-
tive to de novo surgical valve replacement. A larger
number of cases and more prolonged follow-up will be
necessary to confirm these initial findings.
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