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BEV: Vélvulas balén-expandibles (Balloon-Expandable Valves)

BRIHH: Bloqueo de rama izquierda del haz de His

BRDHH: Blogueo de rama derecha del haz de His

EAo0: Estenosis adrtica

EuroSCORE II: European System for Cardiac Operative Risk Evaluation |1
(Escala europea de prediccion del riesgo quirdrgico en cirugia cardiaca)
FEVI: Fraccion de eyeccion del ventriculo izquierdo.

FPV: Fuga paravalvular

IC: Insuficiencia cardiaca

MCP: Marcapasos

NOP-LBBB: Blogueo persistente de rama izquierda del haz de His de nueva
aparicion (New-onset Persistent left-bundle Branch block)

SEV: Vélvulas auto-expandibles (Self-Expandable Valves)

STS: Escala de prediccién del riesgo quirargico de la Sociedad de Cirujanos
Toré&cicos (The Society of Thoracic Surgeons predicted risk of mortality)
SU-SAVR: Substitucion valvular adrtica mediante protesis sin sutura
(Sutureless Surgical Aortic Valve Replacement)

SVAo: Substitucion valvular adrtica

TAVI: Implantacion transcatéter de valvula adrtica percutanea (Transcatheter
Aortic Valve Implantation)

ViV: Valve-in-Valve
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RESUMEN

RESUMEN

Paralelamente al aumento de la esperanza de vida de la poblacion, el
tratamiento de la estenosis aortica (EA0) ha evolucionado hacia la
realizacion de técnicas menos invasivas. En la era del implante
percutaneo de véalvula adrtica (TAVI), las valvulas sin sutura Perceval
(LivaNova Group, Saluggia, Italy) han surgido como una nueva técnica
que facilita un abordaje quirtrgico minimamente invasivo. Sin embargo,
las valvulas sin sutura (SU-SAVR o sutureless) no estan representadas
en los grandes estudios que comparan TAVI y valvulas quirdrgicas
(SVAO0), y laevidencia en cuanto a eventos clinicos a medio-largo plazo,
asi como la incidencia de complicaciones [trastornos de conduccién y

necesidad de implante de marcapasos (MCP)] es todavia muy escasa.

El objetivo de la presente tesis doctoral es analizar los resultados de la
prétesis adrtica sin sutura Perceval y realizar un estudio comparativo

con las protesis TAVI en pacientes con EA0 y bajo riesgo quirdrgico.

Los estudios realizados muestran que en pacientes de bajo riesgo

quirdrgico sometidos a TAVI o SU-SAVR los resultados a 2 afios de
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seguimiento son comparables en términos de mortalidad o ictus. Sin
embargo, los pacientes tratados con SU-SAVR presentaron un riesgo de
re-hospitalizacion por insuficiencia cardiaca (IC) 5 veces mayor. La
incidencia de MCP tras implantacion de SU-SAVR en pacientes de bajo
riesgo fue del 9%, y el bloqueo de rama derecha (BRDHH) se identifico
como predictor de riesgo (con un incremento hasta 3 veces) de
implantacion de MCP tras sutureless. El implante de un nuevo MCP tras
SU-SAVR no tuvo un impacto clinico significativo (mortalidad,

reingresos por insuficiencia cardiaca) a los 3 afios de seguimiento.

Se objetivo la aparicion de un bloqueo de rama izquierda persistente
(NOP-LBBB) tras la implantacion de SU-SAVR hasta en un 23% de
pacientes en el momento del alta hospitalaria. En la mayoria de los
pacientes, el NOP-LBBB no retrograd6 al afio de seguimiento y éstos
presentaron una tasa mayor de implante de MCP comparado con el resto
de poblacion a los 3 afios. Asimismo, los pacientes con NOP-LBBB
presentaron una fraccion de eyeccion del ventriculo izquierdo (FEVI)
significativamente menor en comparacion con los pacientes sin
trastorno de conduccion, aunque sin impacto significativo en la

mortalidad o las re-hospitalizaciones por IC a los 3 afios de seguimiento.
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En conclusion, los pacientes con EAo de bajo riesgo tratados con SU-
SAVR presentaron mas re-ingresos por IC durante el seguimiento en
comparacion con los pacientes TAVI y la tasa de implantacion de un
nuevo MCP fue del 9% (ligeramente menor a la TAVI, pero superior a
la incidencia de las series quirurgicas). La aparicion de un NOP-LBBB
tras SU-SAVR fue no despreciable (23%), comportando un incremento
en la tasa de implante de MCP y una FEVI significativamente menor

respecto a los pacientes sin trastornos de conduccion post-cirugia.
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SUMMARY

SUMMARY

In parallel to the increase in life expectancy of the population, the
treatment of aortic stenosis has evolved towards the performance of less
invasive techniques. In the era of transcatheter aortic valve implantation
(TAVI), Perceval sutureless valves (LivaNova Group, Saluggia, Italy)
have emerged as a new technique that facilitates a minimally invasive
surgical approach. However, sutureless valves (SU-SAVR) are not
represented in the largest studies comparing TAVI and surgical valves,
and the evidence regarding mid to long-term clinical events as well as
complications (conduction disorders and the need for pacemaker

implantation) remains scarce.

The aim of this doctoral thesis is to analyze the results of the Perceval
sutureless aortic prosthesis and to compare the outcomes with TAVI

results in patients with aortic stenosis and low surgical risk.

The studies performed show comparable mortality and stroke rates at 2-
year follow-up in patients with low surgical risk undergoing TAVI or
SU-SAVR. However, patients treated with SU-SAVR had a 5-fold

increased risk of re-hospitalization for heart failure. The incidence of
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pacemaker implantation after SU-SAVR in low-risk patients was 9%,
and right bundle branch block was identified as a predictor (3-fold times
increased risk) of pacemaker implantation after sutureless. The
implantation of a new pacemaker after SU-SAVR did not have a
significant clinical impact (mortality, readmissions for heart failure) at

3-year follow-up.

The occurrence of a new-onset persistent left bundle branch block
(NOP-LBBB) was observed after the implantation of sutureless valves
in up to 23% of patients at the time of hospital discharge. In most of the
patients, the NOP-LBBB persisted at one year of follow-up, and these
patients presented a higher rate of pacemaker implantation at 3 years
compared to the rest of the population. Moreover, patients with NOP-
LBBB had a significantly lower LVEF compared to patients without
conduction disorder, with no significant impact on mortality or re-

hospitalizations for HF at 3-year follow-up.

To conclude, low-risk patients with aortic stenosis treated with SU-
SAVR presented more readmissions for heart failure during follow-up
compared to TAVI patients and the rate of new pacemaker implantation

was 9% (lower than TAVI, but higher than the incidence in surgical
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series). The occurrence of a NOP-LBBB after SU-SAVR was non-
negligible (23%), leading to an increase in the rate of MCP implantation
and a significantly lower LVEF compared to patients without

conduction disorders after surgery.

27



Terapias minimamente invasivas para la EAo

28



INTRODUCCION

INTRODUCCION

29



Terapias minimamente invasivas para la EAo

30



INTRODUCCION

1. INTRODUCCION

1.1. Epidemiologia y manejo de la estenosis adrtica

La estenosis aortica (EAO0) es la patologia valvular mas prevalente en los
paises desarrollados, especialmente en la poblacion de edad
avanzada(l). Entre las etiologias de la EAo se incluyen la afectacién
congénita (por valvula bicuspide o unicuspide), la degeneracion con
calcificacion de los velos valvulares, la fusién comisural por fiebre
reumatica y mas raramente, mecanismos secundarios a enfermedades
sistémicas o efectos toxicos de la radiacion. La causa més frecuente en
paises desarrollados es la degenerativa. La calcificacion valvular se ha
asociado a factores como la edad avanzada, sexo masculino,
tabaquismo, hipertension arterial, diabetes, sindrome metabolico,
insuficiencia renal, aterosclerosis coronaria y a valores elevados de
lipoproteina de baja densidad del colesterol y de la lipoproteina (a) (2—
5). Se trata de una enfermedad cronica y progresiva, que provoca
inicialmente una hipertrofia del ventriculo izquierdo para mantener un
volumen sistdlico adecuado. A medida que la estenosis progresa, el
engrosamiento de la pared es insuficiente para compensar el aumento de

presion y se genera un estrés sobre la pared ventricular, disfuncién
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contractil y la consiguiente reduccién del flujo sanguineo coronario y
sistémico (6). Como consecuencia, los pacientes pueden desarrollar
sintomas como por angina, disnea o sincope. Ademas, pueden llegar a
desarrollar hipertension pulmonar e insuficiencia cardiaca (IC). Después
de la aparicién de los sintomas, la supervivencia media es de 2-3 afios,
siendo la muerte subita la forma mas frecuente de exitus en estos

pacientes (3).

La substitucién valvular, ya sea quirtrgica o percutanea, es el unico
tratamiento eficaz para esta patologia, y esta indicada cuando el grado
de la EAo0 es grave (Tabla 1), cuando aparecen sintomas o en aquellos
pacientes asintomaticos con disfuncion ventricular izquierda (Figura 1)
(6). Las Unicas excepciones que se mencionan en las guias de practica
clinica son los pacientes en los que la intervencién valvular no supondria
una mejora de la calidad de vida (debido a comorbilidades) o en
pacientes con enfermedades concomitantes que se asocien a una

supervivencia inferior a 1 afio (6).
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Tabla 1. Parametros ecocardiograficos para cuantificar la severidad de la
estenosis adrtica.

Ligera Moderada Grave
Velocidad a6rtica (m/s) 26-29 3,0-40 >4,0
Gradiente medio (mmHg) <20 20 - 40 > 40
Area valvular (cm?) >15 1,0-15 <1,0

Reproducido con permiso de ESC/EACTS Guidelines for the management of
valvular heart disease 2021.
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Figura 1. Manejo de los pacientes con estenosis adrtica grave.
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] ] l
BP: blood pressure; EuroSCORE: European System for Cardiac Operative
Risk Evaluation; LVEF: left ventricular ejection fraction; SAVR: surgical
aortic valve replacement; STS-PROM: Society of Thoracic Surgeons predicted
risk of mortality; TAVI: transcatheter aortic valve implantation; TF:

transfemoral. Reproducido con permiso de ESC/EACTS Guidelines for the
management of valvular heart disease 2021.
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1.2. Opciones terapéuticas en la estenosis adrtica

1.2.1. Tratamiento médico
Hasta la fecha, los estudios aleatorizados realizados no han demostrado
eficacia del tratamiento médico en la modificacion de la evolucion

natural de la enfermedad (6).

1.2.2. Substitucion valvular

Tradicionalmente, el tratamiento de la EAo grave se basaba en la
substitucion valvular aortica quirdrgica (SVAo) y el abordaje
convencional se realizaba a través de una esternotomia media completa.
Sin embargo, el envejecimiento de la poblacion secundario al aumento
de la esperanza de vida ha contribuido al rapido desarrollo y
perfeccionamiento de nuevas terapias que facilitan un abordaje
minimamente invasivo para pacientes de alto riesgo quirdrgico, como
las protesis percutaneas transcatéter (TAVI) o las bioprotesis

quirdrgicas sin sutura (sutureless o SU-SAVR).

Estratificacion del riesgo quirdrgico
Con el fin de estratificar el riesgo perioperatorio se han disefiado escalas

de riesgo que permiten una evaluacion previa a la cirugia y estimar la
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mortalidad y la morbilidad de los pacientes que van a someterse a una
intervencion. Entre las escalas de riesgo mas usadas y con mayor
correlacion entre los resultados esperados y observados estan: The
Society of Thoracic Surgeons (STS) predicted risk of mortality (PROM)

score (http://riskcalc.sts.org/stswebriskcalc/calculate) y el European

System for Cardiac Operative Risk Evaluation 1l (EuroSCORE II;

http://www.euroscore.org/calc.html) (6). Estas escalas permiten

discriminar entre pacientes de riesgo quirdrgico alto, intermedio y bajo,

asi como predecir los resultados post-operatorios.

1.3. Clasificacion de las bioprotesis aorticas

El tratamiento de la EAo durante los ultimos 20 afios ha evolucionado
hacia un incremento en el uso de bioprotesis adrticas frente al uso de
protesis mecanicas. Esta tendencia se explica tanto por el
envejecimiento poblacional y la intencion de evitar el tratamiento
anticoagulante tras la cirugia de substitucion valvular como por las
mejoras en el funcionamiento hemodinamico de las bioproétesis aorticas
y los buenos resultados de las técnicas percutaneas para el tratamiento

de la degeneraciéon de las valvulas biologicas [valve-in-valve (ViV)].
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Podemos clasificar las protesis adrticas biologicas en valvulas
quirurgicas tipo stented (bioprotesis con soporte y necesidad de sutura
quirurgica), stentless (bioprotesis quirdrgicas sin soporte) o sutureless
(bioprétesis quirdrgicas sin sutura) y las bioprétesis transcatéter (TAVI)

(Figura 2).

Las bioprdtesis con soporte (stented) son las protesis quirirgicas mas
utilizadas hasta el momento. Estan formadas por un stent de polimero o
titanio, recubierto de tejido tipo Dacron o Teflon que facilita la sutura
de la vélvula al anillo aortico. Este stent y sus postes constituyen el
soporte sobre el que se monta el xenoinjerto de pericardio bovino o
porcino. Las valvulas con soporte son las que suelen producir flujos méas

obstructivos.

Las bioprotesis sin soporte (stentless) fueron manufacturadas en su
primera version con valvula porcina, aunque posteriormente también se
afladieron valvulas con pericardio bovino. La principal ventaja es su
buen perfil hemodinadmico, ya que se reduce la posible obstruccién al
flujo producida por el soporte de las protesis quirdrgicas

convencionales, pero a diferencia de las valvulas sutureless, su implante
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es mas complejo pudiendo alargar los tiempos de isquemia miocardica
(7).

Figura 2. Principales tipos de bioprotesis
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Reproducido con permiso de Journal of the American College of Cardiology
(Elsevier)
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1.3.1. Bioprdtesis transcatéter (TAVI)

La primera prétesis aortica transcatéter fue implantada por primera vez
en 2002 por el Dr. Cribier (8). La TAVI se desarrollo inicialmente como
una alternativa al recambio valvular adrtico para pacientes no candidatos
a cirugia convencional o con un elevado riesgo quirargico. Se trata de
prétesis bioldgicas de pericardio porcino o bovino, montadas y
suturadas sobre una estructura de nitinol. Estas bioprotesis se implantan
a través de accesos transvasculares (transfemoral, transaxilar,
transcarotideo o con menos frecuencia, transadrtico o transcava) o bien
através de un acceso transapical (cada vez menos utilizado por presentar
peores resultados clinicos) (9). Se implantan mediante sistemas de balén
expandibles (BEV; Edwards Sapien, Edwards Lifesciences, Irvine,
California, EUA) o sistemas auto-expandibles como CoreValve/Evolut
(Medtronic, Minneapolis, Minnesota, EUA), Acurate neo
(Symetis/Boston, Ecublens, Suiza) o Portico/Navitor (Abbott Vascular;

Santa Clara, California, EUA).

A raiz de los buenos resultados clinicos en los multiples estudios
aleatorizados realizados (10-14), las protesis aorticas transcatéter
constituyen una opcidn terapéutica bien consolidada con un nimero de

indicaciones creciente.
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1.3.2. Bioprotesis sin sutura o sutureless

El auge de los tratamientos percutdneos ha llevado al desarrollo de
bioprétesis quirdrgicas sutureless que han surgido como una alternativa
terapéutica a las bioprotesis quirdrgicas en pacientes de riesgo alto o
intermedio debido a que pueden facilitar una cirugia minimamente
invasiva (mini-esternotomia superior o mini-toracotomia derecha
anterolateral) y reducir notablemente el tiempo de clampaje y bypass
cardiopulmonar (15). Ademas, otra posible ventaja de este tipo de
prétesis es la reduccion del mismatch protésico (discordancia entre el
orificio efectivo de la protesis en relacion a la superficie corporal del
paciente), dada la ausencia de un soporte valvular (anillo de sutura), lo
cual hace posible obtener un mayor area efectiva del orificio valvular
(15). Por estos motivos, el recambio valvular adrtico mediante prétesis
sutureless se ha contemplado como una alternativa a la SVAo
convencional o incluso a la TAVI para pacientes operables, pero con

elevado riesgo quirurgico (16).

A diferencia de las bioprotesis quirdrgicas convencionales, la valvula
sutureless Perceval S™ (grupo Sorin, Saluggia, Italia) es una valvula

auto-expandible compuesta por velos de pericardio bovino insertados en
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un stent de nitinol y que se monta en un catéter de liberacion dedicado

(Figura 3).

Figura 3. Expansiony liberacion de la valvula aortica sutureless (Perceval)
montada sobre el catéter de liberacion.

Reproducido con permiso de Annals of Cardiothoracic Surgery

La estructura de nitinol se divide en dos segmentos anulares, en los
extremos proximal y distal, y un doble sistema de struts que los conecta:
unos struts rectos donde se fija la bioprétesis al pericardio bovino, y
otros sinusoidales, disefiados para el anclaje a la protesis en los senos de

Valsalva (Figura 4).
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Figura 4. Componentes de la valvula Perceval.
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La técnica de implantacion consiste en la realizacion de una aortotomia
transversa, escision de los velos y decalcificacion del anillo.
Posteriormente y tras una medicion correcta de la protesis mediante un
medidor especifico, se posicionan suturas guia en cada seno de Valsalva
que permiten mantener la tensién durante la realizacién del implante de
la protesis. La valvula se posiciona, se implanta en el anillo adrtico
mediante vision directa y posteriormente se post-dilata con un balon a 4
atm con la finalidad de expandir y posicionar correctamente el inflow
stent. Finalmente, se retiran las suturas y se realiza una valoracion

ecocardiogréafica del resultado final (17) (Figura 5).
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Figura 5. Técnica de implantacién de la valvula Perceval.

A. Medidores Perceval (el obturador blanco representa el limite superior para
una determinada talla). B. Colocacion de suturas guia en los senos valvulares
y en los ojales de Perceval. C. Catéter de liberacion paralelo a las suturas guia
en tension. Reproducido con permiso de Annals of cardiothoracic surgery

El concepto de valvulas sin sutura data de 1960, pero los primeros
modelos fueron retirados del mercado por presentar una incidencia muy
elevada de trombosis y fuga paravalvular (FPV) (18). Su
comercializacion se autoriz6 en Europa en el 2010 y actualmente existen
cuatro tamafios disponibles: S (small) para anillos aérticos hasta 21 mm,
M (medium) hasta 23mm, L (large) hasta 25mmy XL (extra-large) para
anillos hasta 27mm (Tabla 2). Recientemente se han desarrollado
nuevos prototipos para su aplicacion clinica, derivados del desarrollo
tecnoldgico tanto de las prétesis convencionales sin soporte, como de

las protesis transcatéter.

43



Terapias minimamente invasivas para la EAo

Tabla 2. Tabla de medidas de la valvula Perceval.

Diametro anillo aértico Diametro unién
Tamanfo Perceval
(mm) sinotubular (mm)
S 19-21 <24,7-27,3
M 21-23 <27,3-299
L 23-25 <29,9-325
XL 25-27 <325-351

1.4. Evidencia cientifica

1.4.1. Evidencia cientifica en TAVI

La TAVI constituye una opcion terapéutica segura y efectiva para los
pacientes con EAo grave con riesgo para SVAo0. Las evidencias
cientificas que apoyan el uso de la TAVI han aumentado
progresivamente en los ultimos afios (Figura 6); primero en los
pacientes no operables (PARTNER B)(10), luego en los de alto riesgo
quirargico (PARTNER A) (11), riesgo quirurgico intermedio
(SURTAVI) (12) vy, por altimo, recientemente se ha evaluado la TAVI

en pacientes de bajo riesgo.
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Figura 6. Evidencia cientificaen TAVI a lo largo del tiempo.

OBJETIVO: COMPLICACIONES DE OBJETIVO: RESULTADOS A ———>
PROCEDIMIENTO LARGO PLAZO

PRIMEROS CASOS
B “1

2002
2003

2004 T i 20m PARTNER A T | 201 PARTNER 2
Alto riesgo . Riesgo intermedio

>
5

200 2012 T

SURTAVI ()
Riesgo intermedio ) !
2021

2006 T 2013 T 2018 ot

a) UK TAVI
/ / ( EVOLUT 202 Riesgo intermedio
2007 T 0 | COREVALVE s Bajo riesgo
Riesgo extremo
COREVALVE
Alto riesgo

-
-
)
&
8

) NOTION
2000 Bajo riesgo

2010 PARTNER B
Riesgo prohibitivo

_

Un aspecto fundamental para la expansion de la TAVI en pacientes
jovenes con larga esperanza de vida es la durabilidad de las protesis

transcatéter en comparacion con las bioprotesis quirurgicas.

Uno de los primeros estudios en proporcionar informacién comparativa
en bajo riesgo es el ensayo NOTION (Nordic Aortic Valve
Intervention) (13), el cual no mostro diferencias en el objetivo principal
combinado de mortalidad por cualquier causa, ictus o infarto de
miocardio. El deterioro estructural de las protesis quirtrgicas fue

superior a las percutaneas y la disfuncion protésica (definida como
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muerte relacionada con el implante protésico, reintervencion valvular o
degeneracion severa) fue baja y comparable en ambos grupos de
tratamiento a los 6 afos. Sin embargo, estos hallazgos deben ser
reafirmados con series mas extensas de pacientes de bajo riesgo, dado
que alrededor del 80% de los pacientes considerados fueron excluidos

del estudio.

Con la finalidad de determinar la viabilidad de la TAVI como una
alternativa aceptable a la cirugia en pacientes con estenosis adrtica grave
de bajo riesgo quirdrgico, se disefiaron dos grandes estudios
aleatorizados: PARTNER 3 (19) (Safety and Effectiveness of the
SAPIEN 3 Transcatheter Heart Valve in Low Risk Patients With Aortic
Stenosis) y Evolut low-risk. Los resultados a 2 afios del estudio
PARTNER 3, en el que se aleatorizaron 950 pacientes con un STS
score <4% a TAVI (n=496) o a cirugia (n=454) han sido recientemente
publicados. EI STS medio fue de 1,9% y la edad media de los pacientes
de 73 afios. El objetivo principal combinado del estudio (muerte, ictus y
re-hospitalizacién) fue favorable al grupo TAVI frente a la opcion
quirurgica (11,5% vs 17,4%; hazard ratio (HR): 0,63; 95% confidence
Interval (CI): 0,45 a 0,88; p=0,007) y este beneficio fue a expensas de

un aumento de re-hospitalizaciones por IC en el grupo quirdrgico. Las
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diferencias en muerte e ictus que se objetivaron al afio de seguimiento
resultaron no significativas a los 2 afios (muerte: TAVI 2,4% vs SVA0
3,2%; p=0,47; ictus: TAVI 2,4% vs SVAo0 3,6%; p=0,28). Estos
resultados no pudieron ser explicados por cambios estructurales de las
protesis (no se objetivaron cambios en los gradientes valvulares que
pudieran sugerir deterioro valvular o en FPV moderada/grave entre
TAVI y cirugia a los 2 afios) (20). Estos hallazgos aportan evidencia
sobre la durabilidad temprana de las protesis transcatéter en pacientes
con larga esperanza de vida, mostrando unos resultados en cuanto a tasas

de FPV similares a la cirugia.

A la espera de los resultados a largo plazo del estudio PARTNER 3,
estos hallazgos contribuyen a un cambio de paradigma en el algoritmo
de la toma de decisiones en los pacientes con estenosis adrtica, mas
enfocado en la edad y las consideraciones anatomicas que en el riesgo
quirurgico. Sin embargo, persisten algunas cuestiones sin respuesta: 1)
la edad minima de los pacientes de bajo riesgo candidatos a TAVI como
primera opcidn, 2) la anatomia éptima para el tratamiento percutaneo en
pacientes con larga esperanza de vida y 3) el papel en este grupo de
pacientes de bajo riesgo de las valvulas quirdrgicas sin sutura, que se

consideran una alternativa a la TAVI al facilitar una cirugia
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minimamente invasiva pero que no se hallan representadas en los

estudios aleatorizados.

La coexistencia de la SVAo y la TAVI como opciones de tratamiento
validas ha supuesto un aumento sustancial en el numero total de
pacientes con EAo0 sometidos a intervencion en la tltima década, ya sea
quirurgica o transcatéter (21). En los Estados Unidos, el volumen anual
de TAVI ha aumentado todos los afios desde 2011 y, en 2019, el
volumen de TAVI (n= 72991) superd todas las formas de SVAo
quirurgicas (n=57626). La Figura 7 muestra el nimero anual de TAVI,
SVAOo aislada y otras intervenciones quirurgicas combinadas segun
datos de la base de datos estadounidense The Society of Thoracic

Surgeons National Adult Cardiac Surgery Database (STS).
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Figura 7. Volumenes anuales de SVAoy TAVI.
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El volumen de substitucion quirtrgica aislado de la valvula adrtica (SAVR,
linea azul); todas las formas de SVAo0 (SAVR + procedimientos valvulares o
coronarios combinados, linea roja); y reemplazo de la valvula adrtica
transcatéter (TAVR) (linea gris) se muestran desde 2012 hasta 2018. Las 2
flechas rojas indican puntos de transicion: Flecha 1: el volumen de TAVI
supero la SVAO aislada entre 2015 y 2016. Flecha 2: El volumen de TAVI
superd todas las formas de SVAo. Reproducido con permiso de Journal of the
American College of Cardiology (Elsevier).

1.4.2. Evidencia cientifica en SU-SAVR

Se han disefiado tres estudios clinicos europeos, multicéntricos,
prospectivos y no aleatorizados (Pilot, Pivotal y CAVALIER) (22-24)
con el objetivo de evaluar este tipo de protesis en pacientes de edad

avanzada.

El objetivo del ensayo Pilot fue evaluar la seguridad de la SVAo con la

valvula Perceval en 30 pacientes sintomaticos de > 75 afios. El objetivo
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primario fue evaluar la seguridad de la protesis Perceval en términos de
mortalidad y morbilidad a los 30 dias del implante. Los objetivos
secundarios fueron la evaluacion de la mortalidad, la morbilidad, la
evaluacion del estado clinico en base a la clasificacion funcional de la
New York Heart Association (NYHA) y la evaluacién del rendimiento
hemodinamico a los 1, 3, 6 y 12 meses desde la implantacion. En este
estudio se incluyeron un total de 30 pacientes con un seguimiento a 5
afios. Los tiempos medianos de clampaje adrtico y tiempos de bypass
cardiopulmonar fueron cortos (34 +/- 15 min y 59 +/- 21 min,
respectivamente). Hubo una muerte intra-hospitalaria (3,3%) y tres
muertes ocurrieron dentro de los 12 meses de seguimiento (una muerte
estuvo relacionada con la valvula y dos fueron independientes de la
implantacion de la valvula). Fueron evaluados un total de 28 pacientes
al mes del implante y 23 a los 12 meses. No se objetivé embolizacion o
desplazamiento de la valvula, pero dos pacientes presentaron FPV leves

y dos insuficiencias intra-protésicas leves.

El estudio Pivotal, tuvo como objetivo evaluar el rendimiento
hemodindmico de la véalvula Perceval a los 3-6 meses tras la
implantacion de la prétesis en 150 pacientes de > 75 afios. El objetivo

primario fue la evaluacién de la seguridad y la hemodinamica de la
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prétesis Perceval a los 3-6 meses de la cirugia. Los objetivos secundarios
fueron la evaluacion de la vélvula en términos de mejora de estado
clinico, el rendimiento hemodindmico por ecocardiografia y la
evaluacion de las tasas de mortalidad y morbilidad al alta y a los 12

meses después del implante.

Los dos ensayos mencionados anteriormente tuvieron como objetivo
obtener la marca de conformidad europea (CE) para la valvula Perceval,
aunque sélo estaba disponible en dos tamafios (Talla S y Talla M). Los
resultados mostraron una seguridad y hemodindmica adecuadas y
permitieron obtener la marca CE en enero de 2011 con indicaciones

limitadas.

El ensayo CAVALIER representa el mayor estudio prospectivo
multicéntrico hasta la fecha con véalvula sin sutura y se disefid para
evaluar la seguridad y eficacia de la valvula Perceval a los 12 meses
después de la implantacion en 658 pacientes sintomaticos de > 65 arfios.
El objetivo primario fue la evaluacion de la seguridad (evaluada en
términos de mortalidad y morbilidad) y efectividad (evaluada en
términos de mejora del estado clinico y hemodinamica de la valvula) a

los 12 meses de la implantacion. Los objetivos secundarios del estudio
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fueron la evaluacion de la seguridad y la eficacia en el momento del alta
y 3 a 6 meses después de la cirugia y anualmente a partir de entonces.
Ademas de disminuir el limite de edad para pacientes mas jovenes (65
afios 0 mas), este estudio incluy6 dos tallas de protesis adicionales: talla

L (desde febrero 2010) y Talla XL (desde julio de 2012).

De 628 pacientes a los que se les implantd la protesis, 293
interrumpieron el estudio antes de tiempo (154 pacientes fallecieron; 30
se sometieron a explante valvular o reintervencion relacionada con la
valvula; 23 se perdieron durante el seguimiento; y 86 se retiraron del
estudio anticipadamente). La mediana de seguimiento fue de 3,8 afos.
Los resultados mostraron tiempos operatorios cortos y facilidad de
implante en cualquiera de los abordajes quirargicos, asi como tasas de
mortalidad del 3,7% para esternotomia media y 0,5% para el abordaje
menos invasivo a los 30 dias. En cuanto a las complicaciones, la
reintervencion relacionada con la valvula se produjo en el 1% de los
pacientes en el periodo inicial y en el 4% de los pacientes durante los 5
afios de seguimiento (1% por paciente-afio). La incidencia de ictus
temprano (30 dias) fue del 2,4% y de ictus tardio (>30 dias) fue del 1,3%

por paciente-afio. La incidencia de implante de MCP a los 30 dias por
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blogueo auriculoventricular de tercer grado fue del 8,2% vy la tardia del

0,8% por paciente-afio.

Los gradientes maximo y medio se mantuvieron estables durante el
seguimiento para todos los tamafios de valvula, desde un promedio de
19,4 £8,0y 10,3 + 4,5 mm Hg, respectivamente, entre el al alta'y los 30

dias,a17,8 + 11,3y 9,0 £ 6,3 mm Hg a los 5 afios.

La incidencia de FPV fue del 0,8% en el periodo inicial y del 0,9% a los
5 afios. La incidencia de insuficiencia protésica central de grado mayor
que leve aumentd desde el 0,6% al alta hasta el 7,5% a los 5 afios. Una
limitacion importante de este estudio es el hecho de que sélo el 50% de
los pacientes alcanzan el seguimiento de 5 afios y los resultados
ecocardiograficos a medio plazo en esta muestra de pacientes no permite

extraer conclusiones en cuanto a durabilidad de la valvula.

Existen otros trabajos publicados que sugieren que estas protesis podrian
presentar mds FPV graves, una mayor tasa de reintervenciones y una
mayor proporcion de aparicion de BRIHH o necesidad de MCP
permanente que las descritas en las valvulas aorticas convencionales,

pero inferior a las protesis transcatéter (25,26). Asimismo, algunas
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series de casos presentan una elevada incidencia de arritmias y bloqueo

cardiaco con necesidad de MCP permanente (27-30).

Hasta la fecha, no existen ensayos clinicos controlados que comparen
las valvulas aorticas sin sutura con las valvulas convencionales y/o
TAVI. Todos los estudios publicados al respecto son series de casos de

pequefio tamafio muestral y con un tiempo de seguimiento corto.
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JUSTIFICACION DEL PROYECTO
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2. JUSTIFICACION DEL PROYECTO

La substitucién valvular adrtica mediante bioprotesis quirurgica sin
sutura o sutureless ha surgido como una opcion terapéutica para el
tratamiento de la EAo grave puesto que, por su rapidez de implantacion,
facilita la cirugia minimamente invasiva y una reduccion en los tiempos
de bypass cardiopulmonar y clampaje adrtico. Debido a las ventajas que
ofrecen las proétesis sutureless, se ha propuesto como candidatos
potenciales para SU-SAVR a los pacientes operables de riesgo
intermedio-alto pertenecientes a una "zona gris™ que incluye a pacientes
con alto riesgo quirdrgico para SVAo y que podrian ser buenos

candidatos para TAVI.

Desde las experiencias iniciales del implante de valvulas percutaneas se
han publicado numerosos estudios sobre sus resultados, complicaciones
(vasculares, fugas valvulares, eventos cerebrovasculares, trastornos de
conduccion, necesidad de implante de un MCP) y sus predictores. Estos
estudios han contribuido a mejorar tanto el disefio de los dispositivos
como la técnica de implante y, como consecuencia, a mejorar los

resultados de la TAVI.
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En contraposicion, la evidencia cientifica de la protesis adrtica sin sutura
Perceval es mucho mas escasa. Existen algunos estudios prospectivos
no aleatorizados que reportan los resultados clinicos a corto y medio
plazo. Sin embargo, se tratan de estudios de tamafio muestral y tiempos
de seguimiento insuficientes para valorar sus resultados clinicos o
hemodinamicos a largo plazo. Ademas, a dia de hoy se desconoce la
durabilidad de estas prétesis y los resultados de la re-intervencion por

disfuncion de este tipo de valvulas.

Ha sido necesaria la publicacion de multiples estudios aleatorizados en
revistas de alto impacto cientifico comparando los resultados de TAVI
con los de las bioprotesis quirdrgicas para su utilizacion en la préctica
clinica. No obstante, las valvulas sin sutura no estan representadas en
dichos estudios. Por este motivo, es imprescindible que, en laera TAVI,
se genere evidencia en la utilizacién de SU-SAVR, considerada para
muchos como una alternativa a las protesis transcatéter en pacientes

operables.
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3. HIPOTESIS

1)

2)

3)

El tratamiento mediante prétesis sin sutura de pacientes con EAo
grave y bajo riesgo quirdrgico es comparable al tratamiento
mediante  TAVI en términos de mortalidad, ictus y re-

hospitalizaciones.

Los pacientes sometidos a SU-SAVR presentan una incidencia
de implantacién de MCP tras la cirugia equivalente a la de las
protesis percutaneas y superior a la observada tras la
implantacion de bioprdtesis quirargicas convencionales. La
implantacion de un nuevo MCP podria resultar en mayores tasas

de eventos clinicos durante el seguimiento.

Los pacientes sometidos a SU-SAVR presentan una incidencia
de blogueo de rama izquierda del haz de His persistente (NOP-
LBBB) equivalente a la de las protesis percutaneas y superior a
la observada tras la implantacion de bioprotesis quirurgicas
convencionales. La aparicion de un NOP-LBBB tiene

repercusion clinica durante el seguimiento.
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4. OBJETIVOS

4.1. Objetivo principal

Analizar los resultados a medio plazo de la prétesis adrtica quirdrgica
sin sutura Perceval en el tratamiento de los pacientes con estenosis
adrtica grave y realizar un estudio comparativo con las protesis TAVI

en pacientes de bajo riesgo quirargico.

4.2. Objetivos secundarios

1) Evaluar los resultados intrahospitalarios y a medio plazo del
tratamiento mediante prétesis adrtica quirdrgica sin sutura en
comparacion a TAVI en pacientes con estenosis aortica y bajo riesgo

quirdrgico.

2) Conocer la incidencia, predictores y prondstico del implante de

marcapasos tras SU-SAVR en pacientes de bajo riesgo quirargico.

3) Conocer la incidencia, predictores y pronéstico de la aparicion de

NOP-LBBB tras la implantacion de valvula quirtrgica sin sutura.
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5. COMPENDIO DE PUBLICACIONES

5.1. Introduccién

La presente tesis doctoral por compendio de articulos pretende dar
respuesta a los objetivos de la misma, que son evaluar los resultados de
la protesis aortica sin sutura Perceval en diferentes &mbitos (resultados
clinicos generales como la mortalidad, ictus, re-hospitalizaciones y
complicaciones como la aparicion de trastornos de conduccién y
requerimiento de MCP). Estas han sido lineas de investigacion clasicas
en las protesis TAVI, por lo que se considerd necesario generar esa
evidencia también para las protesis quirdrgicas sin sutura, ademas de
realizar un estudio comparativo entre ambas terapias en pacientes de

bajo riesgo quirdrgico.

Se compone de tres articulos originales principales y de una cuarta
publicacién disponible en el apartado de anexos de la presente tesis. En
esta misma seccion se afade el material suplementario, asi como las

publicaciones derivadas de los articulos originales principales.
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5.2. Articulo 1

Midterm Outcomes Following Sutureless and Transcatheter Aortic

Valve Replacement in Low-Risk Patients With Aortic Stenosis.

Vilalta V, Alperi A, Cediel G, Mohammadi S, Fernandez-Nofrerias E,
Kalvrouziotis D, Delarochelliere R, Paradis JM, Gonzalez-Lopera M,
Fadeuilhe E, Carrillo X, Abdul-Jawad Altisent O, Rodriguez-Leor O,

Voisine P, Bayés-Genis A, Rodés-Cabau J.

Circ Cardiovasc Interv. 2021 Nov;14(11):e011120.

doi: 10.1161/CIRCINTERVENTIONS.121.011120. Epub 2021 Oct 5.

PMID: 34607449

Cuartil: Q1

Factor de impacto: 7,514
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Circulation: Cardiovascular Interventions

ORIGINAL ARTICLE

Midterm Outcomes Following Sutureless and
Transcatheter Aortic Valve Replacement in
Low-Risk Patients With Aortic Stenosis

Victoria Vilalta®™, MD; Alberto Alperi®, MD, PhD; Germén Cediel®, MD, PhD; Siamak Mohammadi®, MD;

Eduard Ferndndez-Nofrerias®, MD; Dimitri Kalvrouziotis, MD; Robert Delarochelligre, MD; Jean-Michel Paradis, MD;
Marta Gonzalez-Lopera, MD; Edgar Fadeuilhe, MD; Xavier Carrillo®™, MD, PhD; Omar Abdul-Jawad Altisent®, MD, PhD;
Oriol Rodriguez-Leor, MD, PhD; Pierre Voisine, MD; Antoni Bayés-Genis®, MD, PhD; Josep Rodés-Cabau®, MD, PhD

BACKGROUND: Sutureless-surgical aortic valve replacement (SU-SAVR) has been proposed as a surgical alternative for treating
aortic stenosis, which facilitates a minimally invasive approach. While some studies have compared the early outcomes of
SU-SAVR versus transcatheter aortic valve replacement (TAVR), most data were obtained in high-risk patients and/or limited
to in-hospital outcomes. This study aimed to compare in-hospital and midterm clinical outcomes following SU-SAVR and
TAVR in low-risk patients with aortic stenosis.

METHODS: A total of 806 consecutive low-risk (EuroSCORE Il <4%) patients underwent TAVR or SU-SAVR between 2011
and 2020 in 2 centers. A 1:1 propensity score matching was performed and identified 171 pairs with similar characteristics
that were included in the analysis. Baseline characteristics, in-hospital and follow-up events (defined according to Valve
Academic Research Consortium-2) were collected.

RESULTS: Baseline characteristics were well balanced between groups, with a median EuroSCORE |l of 1.9% (1.3%—2.5%) in
both SU-SAVR and TAVR groups (P=0.85). There were no statistically significant differences regarding in-hospital mortality
(SU-SAVR: 4.1%, TAVR: 1.8%, P=0.199) and stroke (SU-SAVR: 2.3%, TAVR: 2.9%, P=0.736), but SU-SAVR recipients
exhibited higher rates of bleeding and new-onset atrial fibrillation, higher residual transvalvular gradients (P<0.001), and a
lower rate of pacemaker implantation (F=0.011). After a median follow-up of 2 (1-3) years, there were no differences between
groups in all-cause mortality (hazard ratio, 0.97 [95% CI, 0.62-1.82], P=0.936) and stroke (hazard ratio, 0.83 [95% CI, 0.32—
2.156), A=0.708), but SU-SAVR was associated with a higher risk of heart failure hospitalization (hazard ratio, 5.38 [95% CI,
1.88-16.38], ~=0.002).

CONCLUSIONS: In low-risk patients with aortic stenosis, TAVR was associated with improved in-hospital outcomes (except for
conduction disturbances) and valve hemodynamics, compared with SU-SAVR. Although similar mortality and stroke rates
were observed at 2-year follow-up, the risk of heart failure hospitalization was higher among SU-SAVR patients. These
results may contribute to reinforce TAVR over SU-SAVR for the majority of such patients.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: aortic valve stenosis ® heart failure ™ mortality ® prostheses and implants ® stroke

alternative for the treatment of severe aortic steno-  that enables rapid valve implantation with a minimally inva-
sis. The sutureless Perceval valve (LivaNova Group,  sive approach and a shorter cross-clamp time, compared
Saluggia, Italy) consists of a piece of bovine pericardium  with conventional bioprostheses.! Three nonrandomized

8utureless aortic valves have emerged as a surgical  tissue mounted on a self-expandable nitinol stent frame
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WHAT IS KNOWN

* The favorable outcomes of transcatheter aortic
valves in low-risk clinical trials and its minimally inva-
sive nature have led to the approval of this proce-
dure for use across the risk spectrum.

* In parallel, sutureless valves (sutureless-surgi-
cal aortic valve replacement [SU-SAVR]) were
designed to simplify a conventional surgical proce-
dure, facilitating a less invasive approach.

* Late data comparing both transcatheter aortic
valve and SU-SAVR procedures in low-risk patients
remain scarce.

WHAT THE STUDY ADDS

This study provides comparative data between

transcatheter aortic valve and SU-SAVR in low-risk

patients at a mean follow-up of 2 years.

* There were no differences in mortality and stroke
between transcatheter aortic valve and SU-SAVR
at follow-up, but SU-SAVR recipients had a higher
risk of heart failure readmission.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

AS aortic stenosis

HF heart failure

SU-SAVR sutureless-surgical aortic valve
replacement

TAVR transcatheter aortic valve replacement

clinical trials (Pilot, Pivotal, and CAVALIER), designed to
assess the safety and feasibility of the sutureless Per-
ceval valve, reported promising in-hospital outcomes and
relatively low rates of periprocedural complications, even
in an elderly population.>*

Previously, surgical aortic valve replacement (SAVR)
with the Perceval valve was compared with SAVR with
a conventional bioprosthesis, showing that the use of a
rapid-deployment valve was associated with a signifi-
cant reduction in the overall procedural, cardiopulmo-
nary bypass, and aortic cross-clamp times. However, the
shorter operative times did not translate into improved
in-hospital outcomes, and rapid deployment valves were
associated with higher rates of pacemaker implantation.®®

Several randomized controlled trials have consolidated
transcatheter aortic valve replacement (TAVR) as the
preferred therapeutic option in most elderly patients with
severe symptomatic AS, also including low-risk patients.”
However, sutureless valves were poorly represented in
TAVR-SAVR randomized trials,®® and controversial data
exist comparing the outcomes associated with TAVR and
Sutureless-SAVR (SU-SAVR). Also, most data available
relates to intermediate- to high-risk patients and is limited
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to early (in-hospital) outcomes.'®'* Thus, the long-term
clinical impact of these therapeutic options in lower risk
patients remains largely unknown. Hence, the present
study aimed to compare the early and 2-year clinical out-
comes of SU-SAVR and TAVR in low-risk patients with
severe symptomatic AS.

METHODS

Data, methods, and materials used to conduct the research
will be provided to any researcher for purposes of reproducing
the results upon reasonable request. The study was performed
according to the Ethics Committee of participating centers, and
the patients provided informed consent for the procedures.

Study Population

Figure 1 shows the flowchart of the study population. The study
included a total of 806 consecutive low-risk (EuroSCORE
Il <4%) patients diagnosed of severe symptomatic AS that
underwent either SU-SAVR with the Perceval valve or TAVR
between 2011 and 2020 in 2 centers. Patient’s suitability for
SU-SAVR or TAVR was evaluated by a multidisciplinary Heart
Team in both participating centers. Combined procedures
(either concomitant revascularization with a coronary artery
bypass graft or valvular intervention [mitral or tricuspid] were
excluded from the analysis).

All baseline, procedural, and follow-up data were prospec-
tively collected in a dedicated dataset at each participating
center. All clinical events were recorded and defined accord-
ing to criteria established by the Valve Academic Research
Consortium-2."®

Follow-Up

Clinical follow-up was carried out during clinic visits or by tele-
phone calls at 1 and 12 months after the procedures and
yearly thereafter. Records from referring cardiologists and
other hospitals were consulted for further information during
follow-up. Heart failure (HF) readmissions were defined as
admissions to a hospital, intensive care unit, or the emergency
department that lasted >6 hours and required intravenous
diuretic treatment. Day-stay hospital admissions and admis-
sions that only required oral treatment were excluded from
the current analysis.

Statistical Analysis

Categorical variables were expressed as absolute number
and percentages. Continuous variables were expressed as
mean+SD or medians (interquartile range) for normal and
non-normal distributions, respectively. Data distributions were
assessed with normal Q—Q plots. Differences between groups
were assessed using the %° test, Fisher exact test, Student ¢
test, or Mann-Whitney U test, as appropriate. To account for dif-
ferences in baseline characteristics between patients treated
with SU-SAVR and TAVR, 1:1 propensity score matching was
performed. The following variables were included for calculation
of the propensity score: age, sex, body mass index, hyperten-
sion, diabetes, dyslipidemia, peripheral vascular disease, chronic
obstructive pulmonary disease, prior stroke, cancer, coronary
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Combined Perceval + CABG n=171

PROPENSITY-MATCHED
POPULATION

n=342 n=171

Study population (2011-2020)

Perceval
n=550
Perceval
n=379

OVERALL POPULATION
n=1716

LOW RISK POPULATION Perceval
n=806 n=325

Perceval

n=1960

TAVR
n=1337

< Lost in follow-up n=73

EUroSCORE > 4% n=910

Figure 1. Study flowchart of included patients before and after prop

ity score m

CABG indicates coronary artery bypass grafting; and TAVR, transcatheter aortic valve replacement.

artery disease, history of myocardial infarction, previous car-
diac surgery, prior coronary artery bypass graft, atrial fibrillation,
prior left bundle branch block, previous pacemaker, New York
Heart Association functional Class Il or IV, hemoglobin, esti-
mated glomerular filtration rate, left ventricular ejection fraction,
mean aortic gradient, EuroSCORE Il and Society of Thoracic
Surgeons Predicted Risk of Mortality. Patients were selected by
1:1 matching without replacement using the nearest neighbor
method. A caliper width of 0.2 of the pooled standard deviation
of logit propensity scores was used for matching. Furthermore,
the balance of the distribution of the baseline characteristics
between the 2 groups was assessed by evaluating the abso-
lute standardized differences. In the matched cohort, the risk of
all-cause mortality was evaluated with the use of a Cox propor-
tional-hazard model, while the risk of all other clinical end points
(stroke, M, readmission due to HF and pacemaker implanta-
tion) was assessed using a competing risk analysis adopting the
Fine and Gray method, considering all-cause death as compet-
ing event. Cumulative survival and incidence plots were gener-
ated. Statistical significance was 2-sided for all comparisons,
and a <0.05 was considered significant. Stata v.13.0 (College
Station, TX) was used for all analyses.

RESULTS

Study Population

Of 806 consecutive low-risk (median EuroSCORE |l
1.9%) patients who underwent AVR, 325 patients were
treated with SU-SAVR and 481 patients had TAVR (Fig-
ure 1). The baseline characteristics of the overall cohort

are presented in Table 1. Patients in the TAVR group
were older (mean age: 78.9%76 years versus 772+6.6
years; P=0.004) and exhibited a higher surgical risk
(EuroSCORE II: 2.3% versus 1.8% in the SU-SAVR
group; P<0.001). After propensity score matching, 171
pairs were identified for suitable comparison. As shown
in Figure 2, the absolute standardized difference was
<10% for the majority of baseline variables. The median
EuroSCORE Il was similar in both groups in the propen-
sity-matched analysis (SU-SAVR: 1.9 [1.3-2.5], TAVR:
1.9 [1.3-2.5], P=0.851).

In-Hospital and Late Outcomes

The main procedural characteristics and in-hospital out-
comes of the propensity-matched cohorts (SU-SAVR and
TAVR) are shown in Tables 2 and 3, respectively. There
were no significant differences between groups regard-
ing in-hospital stroke (SU-SAVR: 2.3%, TAVR: 2.9%;
P=0.736) and mortality (SU-SAVR: 4.1%, TAVR: 1.8%;
P=0.199). Complications such as bleeding and new-
onset AF were higher in the SU-SAVR cohort (A<0.001
for both), and new-onset left bundle branch block and
the need for a permanent pacemaker occurred more
frequently in the TAVR group (P=0.046 and P=0.011,
respectively). At discharge, echocardiography findings
showed no differences between groups in the rate of
residual significant (moderate-severe) aortic regurgita-
tion (SU-SAVR: 0.6%, TAVR: 1.1%, P=0.706), but TAVR
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Table 1. Baseline Demographic and Clinical Characteristics of the Study Population

Demographics
Age, y 77.216.6 78.917.6 0.004 78.015.7 77.418.4 0.384
Male sex 114 (36.1) 248 (51.6) <0.001 64 (37.4) 62 (36.3) 0.823
BMI, kg/m? 29.546.3 28.5+7.1 0.024 29.315.0 20.247.2 0.912
Arterial hypertension 271 (83.4) 414 (86.1) 0.205 144 (84.2) 144 (84.2) 1.000
Dyslipidemia 244 (75.1) 387 (80.5) 0.069 120 (75.4) 131 (76.6) 0.800
Diabetes 107 (32.9) 144 (29.9) 0.369 52 (30.4) 59 (34.5) 0.419
PAD 19 (5.9) 57 (11.9) 0.004 14 (8.2) 12 (7.0) 0.683
COPD 43 (13.2) 92(19.1) 0.028 28 (16.4) 22(12.9) 0.358
Stroke 33 (10.2) 21 (4.4) 0.001 7 (4.1) 9 (6.3 0.609
CAD 68 (20.9) 224 (46.6) <0.001 47 (27.5) 34 (19.9) 0.008
Prior MI 22 (6.8) 31 (6.4) 0.855 13(7.6) 14 (8.2) 0.841
Prior cardiac surgery 18 (5.5) 68 (14.1) <0.001 7 (4.1) 10 (5.9) 0.455
CABG 1(0.3) 52 (10.8) <0.001 1(0.6) 0(0) 0.317
Cancer 45 (13.9) 106 (21.8) 0.004 31 (18.1) 29 (17.0) 0.776
Atrial fibrillation 80 (24.8) 137 (28.5) 0.225 41 (24.0) 43 (25.2) 0.802
Prior LBBB 21 (6.5) 28 (5.8) 0.709 12(7.0) 11 (6.4) 0.829
Prior pacemaker 15 (4.6) 52 (10.8) 0.002 11(6.4) 13 (7.8) 0.672
NYHA ll/Iv 133 (48.7) 234 (48.7) 0.985 80 (46.8) 84 (49.1) 0.665
eGFR, mL/min per 1.73 m? 70.8£26.3 76.6127.6 0.003 72.6427.9 71.9423.1 0.800
Hemoglobin, g/dL 12.611.3 12,217 0.004 125+1.3 12.611.7 0.540

Echocardiography
LVEF, % 62.9+11.5 57.919.1 <0.001 60.0£12.6 60.415.6 0.695
Mean PG, mmHg 49.4+16.4 46.0+17.2 0.008 48.4116.4 48.4118.6 0.984
AVA, cm** 0.70 (0.6-0.8) 0.71 (0.6-0.8) 0.529 0.71 (0.6-0.8) 0.73 (0.6-0.8) 0.798

Risk scores
EuroSCORE I, % 1.8 (1.2-2.3) 2.3 (1.2-2.3) <0.001 1.9 (1.3-2.5) 1.9 (1.3-25) 0.851
STS-PROM, % 85 (1.7-2.9) 35 (2.1-4.3) <0.001 2.8(1.8-3.2) 2.6 (1.8-3.3) 0.901

Results expressed as mean+SD or median (interquartile range) for quantitative variables and n (%) for categorical. AVA indicates aortic valve area; AVR, aortic
valve replacement; BM|, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR,
estimated glomerular filtration rate; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; M1, myocardial infarction; MR, mitral regurgitation; NYHA,
New York Heart Association; PAD, peripheral arterial disease; PG, pressure gradient; PS, propensity-score; STS-PROM, Society of Thoracic Surgeons Predicted Risk of

Mortality; TAVR, transcatheter aortic valve replacement.

“Data available in 614 patients in the overall cohort and in 2568 patients in the propensity-matched cohort.

was associated with lower mean transvalvular gradients
(11.445.7 versus 16.8+6.9 mmHg, A<0.001).

Midterm Qutcomes

The main outcomes of the study population (propensity-
matched cohort) are shown in Table 4. After a median
follow-up of 2.2 (1.0-3.0) years, there were no differ-
ences between groups about all-cause mortality (hazard
ratio, 0.97 [95% CI, 0.52-1.82], A=0.936) and stroke
(hazard ratio, 0.83 [95% Cl, 0.32-2.15], P=0.708] events,
but patients in the SU-SAVR group had higher risk of HF
readmission (hazard ratio, 538 [95% CI, 1.88-15.38],
P=0.002). Pacemaker implantation remained higher in the
TAVR group during follow-up (hazard ratio, 0.53 [95% C|,
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0.32-0.89], P=0.014). Figure 3 shows the Kaplan-Meier
survival and incidence curves for the main outcomes up
to 3-year follow-up, according to the type of intervention.

DISCUSSION

This is the first study providing midterm comparative
data between SU-SAVR and TAVR in patients with a
low-risk profile. The main findings of the study can be
summarized as follows: (1) 2-year mortality and stroke
rates were comparable between the SU-SAVR and
TAVR treatment groups; (2) hospitalizations due to HF
occurred more frequently in the SU-SAVR group com-
pared with the TAVR group; and (3) pacemaker implan-
tation was higher in the TAVR group.
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Table 2. Procedural Characteristics of Sutureless AVR and
CAD - /’ TAVR Groups in the PS Cohort
EuroSCORE 11| ¢
LVEF-{ « /
Prior CABG - » Y
Male sex - = Access
Prior cardiac surgery - »
Prior stroke | Surgical approach 171 (100)
PriorPM 4 Full sternotomy 96 (56.1)
Hemoglobin - » ’
MDRD 4« ' Minimal invasive approach 75 (43.9)
PADY ¢ 1 Transfemoral 132 (77.2)
Cancer- * L
Age - w ' Transcarotid 31(18.1)
Mean PG 4 ¢ /J Transaxillary 6 (3.5)
BMIq ©
COPD - - I Transaortic 2(1.2)
Dyslipidemia | ¢ / Prosthesis type
Atrial fibrillation 4 # ¢
Adterial hypertension { « Perceval [1710100 I
STS » Balloon-expandable
Diabetes - # ;
provings] ¢ Sapien 3 | | 50 (579)
Prior Ml - j Self-expanding
NS4 o, Evolut PRO 34 (19.9)
0 1 2 3 4 5 6 7 8 9 1 Portico 25 (14.6)
Figure 2. Absolute standardized differences between Aourate neo 8(47)
sutureless aortic valve replacement and transcatheter aortic Differential deployment
valve rep t patients and after prop y score Direct flow 5 (2.9)
matching. —
BMI indicates body mass index; CABG, coronary artery bypass Prosthesis size 23 (21-26) 26 (23-29)
grafting; CAD, coronary artery disease; COPD, chronic obstructive Annulus diameter, mm 23 (22-25)

pulmonary disease; eGFR, estimated glomerular filtration rate;
LBBB, left bundle branch block; LVEF, left ventricular ejection
fraction; MDRD, Modification of Diet in Renal Disease study
equation; MI, myocardial infarction; NYHA, New York Heart
Association; PAD, peripheral arterial disease; PG, pressure gradient;
PM, pacemaker; and STS, Society of Thoracic Surgeons.

In-Hospital Outcomes With SU-SAVR and TAVR

Abdel-Wahab et al’® compared the short-term out-
comes of TAVR versus SU-SAVR in a large subset
of patients from the GARY registry. However, most
patients included in that analysis had a high-risk profile,
and different types of sutureless valves were evaluated.
Moreover, some important differences in baseline char-
acteristics between groups were not well balanced in
the propensity score—matched population. Consistent
with our results, Abdel-Wahab et al found higher rates
of in-hospital bleeding (overall and major) and new-
onset AF along with a lower incidence of permanent
pacemaker implantation among SU-SAVR recipients.
In addition, a higher in-hospital mortality was observed
in SU-SAVR patients. In our study, in-hospital mortal-
ity was numerically higher in the SU-SAVR group, but
differences between groups did not reach statistical
significance. Overall, our findings suggest that differ-
ences in early outcomes between TAVR and SU-SAVR
observed in prior studies including high-risk patients
would also apply to patients with a lower risk profile,

Results expressed as median (interquartile range) for quantitative variables
and n (%) for categorical. AVR indicates aortic valve replacement; PS, propensity
score; and TAVR, transcatheter aortic vaive replacement.

but further data would be needed to evaluate poten-
tial differences about in-hospital mortality. Also, the
application of newer techniques for implanting last
generation transcatheter valves (further limiting implan-
tation depth) and a more uniform pathway for manag-
ing conduction disturbances may translate into a major
reduction in permanent pacemaker implantation fol-
lowing TAVR in the near future.'®"'¢ In the same line,
recent upgrades of the Perceval valve design and of
the implantation technique have led to a reduction of
conduction disturbances.” This would be important
considering that sutureless bioprostheses still carry a
significant risk of postoperative permanent implantation
when compared with conventional SAVR (9.9% versus
2.9%).%° This result has been attributed to the suture-
less valve implantation technique, more similar to TAVR
(balloon dilatation) than SAVR.

A previous small sample size study on valve hemo-
dynamics showed that SU-SAVR was associated with
a lower rate of significant paravalvular leaks compared
with TAVR, but sutureless valves appeared to have
higher postoperative transvalvular pressure gradients
compared with their transcatheter counterparts.’® In
our study, we also observed improved valve hemo-
dynamics in TAVR recipients, with a mean residual
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Table 3. In-Hospital Outcomes

In-hospital death 7 (4.1) 3(1.8) 0.199
Stroke 4(2.3) 5 (2.9) 0.736
Bleeding
Minor 41 (24.0) 6 (3.5) <0.001
Major 98 (57.3) 7 (4.1) <0.001
Myocardial infarction 0(0) 2(1.2) 0.156
Annulus rupture 0(0) [P N (v)] NA
Coronary artery occlusion 0(0) 0(0) NA
New-onset atrial fibrillation 56 (32.8) 7 (4.1) <0.001
New-onset LEBB 28 (16.4) 43 (25.2) 0.048
New pacemaker 15 (8.8) 31 (18.1) 0.011
Echocardiography at discharg
LVEF, % 61.8+x12.8 60.316.9 0.188
Mean PG, mmHg 16.816.9 11.445.7 <0.001
AVA, cm>* 15(1.3-1.7) | 1.8(1.7-1.9) | 0.004
AR moderate-severe 1/159 (0.8) 1/84 (1.1) 0.706
PPM moderate-severe 12/26 (46.2) 49/159 (30.8) | 0.123

Results expressed as mean+SD or median (interquartile range) for quantita-
tive variables and n (%) for categorical. AR indicates aortic regurgitation; AVA,
aortic valve area; AVR, aortic valve replacement; LBBB, left bundle branch block;
LVEF, left ventricular ejection fraction; PG, pressure gradient; PPM, patient-
prosthesis mismatch; PS, propensity-score; and TAVR, transcatheter aortic valve
replacement.

“Data available in 178 patients in the propensity-matched cohort.

gradient 5 mmHg lower in such patients compared
with those who had SU-SAVR. This also translated into
larger valve areas in the TAVR group. Additionally, very
low and similar rates of moderate-severe leaks were
observed in both groups.

In our study, the differences in valve performance
between groups may be partially related to differences
in valve sizing, leading to the implantation of larger valve
systems in TAVR patients. Also, the use of transcath-
eter valves with a supra-annular design in a significant
proportion of TAVR patients may have also contrib-
uted.?' Finally, the echocardiography examinations were
obtained at hospital discharge, and some postoperative
conditions that could impact valve hemodynamics like
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anemia and inflammation, might have been more present
in the SU-SAVR.

Long-Term Outcomes

Current evidence comparing SU-SAVR and TAVR is
scarce and limited to observational studies. Muneretto
et al'? compared the late outcomes after SU-SAVR and
TAVR in elderly patients with AS and reported better out-
comes with sutureless valves. Several reasons may explain
the disparity with the present study. First, patients included
in that analysis had an intermediate risk profile (EuroS-
CORE, 4%-8%). Second, a large number of transapical
procedures were included (almost 30% of TAVR popula-
tion), which might have negatively affected outcomes in
the TAVR group,”? whereas only transvascular approaches
were represented in our cohort. Finally, the study included
mainly old generation transcatheter valves, and the rate of
significant leaks in the TAVR group was very high, and this
may have negatively impacted TAVR outcomes.”

Our findings are in accordance with the latest update
of the PARTNER 3 trial (Placement of Aortic Transcath-
eter Valves), which reported outcomes at 2 years after
TAVR and SAVR in low-risk patients. The trial's primary
end point (death, stroke, and rehaspitalization) favored
TAVR over SAVR (11.5% versus 17.4%). Similar to our
findings, the difference was mainly driven by rehospi-
talizations (8.5% versus 12.5%, P=0.046), mostly due
to HF®

The results of our study showed that SU-SAVR was
comparable to TAVR with respect to the rates of all-
cause death at 3-year follow-up and nonsignificant dif-
ferences were observed about stroke. This observation
was also consistent with stroke data in literature, which
do not favor one approach over the other (stroke rates
range from 0% to 5% for SU-SAVR and from 2.5% to
5% for TAVR).'"~'3 A recent study on late stroke after
TAVR suggested that late cerebrovascular events could
be explained by patients' comorbidities rather than struc-
tural valve degeneration or thrombosis.** Older age,
previous stroke, higher aortic gradients at baseline, and
periprocedural stroke were found as independent fac-
tors associated with late cerebrovascular events. No data
exist on this issue in patients who undergo SU-SAVR,

Table 4. Two-Year Outcomes in the Propensity Score-Matched Cohort

All-cause mortality 31 (18.1) 72 17 (9.9) 78 0.97 (0.52-1.82) 0.936
Stroke 11 (6.4) 26 8(4.7) 4.1 0.83 (0.32-2.15) 0.708
HF hospitalization 31 (18.1) 8.0 4(2.3) 2.0 5.38 (1.88-15.38) 0.002
Myocardial infarction 2(1.2) 05 5(2.9) 25 0.25 (0.04-1.39) 0.112
Pacemaker implantation 23(135) 5.9 34(19.9) 20.2 0.53 (0.32-0.89) 0.014

Number of events are expressed as n (%). Rates are expressed per 100 patients-year. AVR indicates aortic valve replacement; HF, heart failure;
HR, hazard ratio; and TAVR, transcatheter aortic valve replacement.
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but our results suggest that late cerebrovascular events
may be mainly related to patient risk profile rather than
the type of intervention. Noteworthy, the higher incidence
of new-onset AF in SU-SAVR patients did not translate
into a higher risk of stroke during follow-up.

Previous studies have reported HF readmission
rates after TAVR ranging from 25% to 52%.?5% How-
ever, long-term data on HF hospitalizations after SU-
SAVRs are scarce. In our series, the SU-SAVR group
had over 5-fold risk of HF readmission compared with
TAVR at 3-year follow-up. This finding might be partially
explained by the higher incidence of new-onset AF, a
common trigger of HF readmission, in the SU-SAVR
group. Also, a previous study showed that surgical pro-
cedure-related factors, such as in-hospital life-threaten-
ing bleeding events or anemia, could increase the risk
of readmissions for HFE?" Regarding paravalvular leaks,
our findings are in line with PARTNER 3 results, where
no differences in moderate or severe residual aortic
regurgitation were found at discharge between surgery
and TAVR. Also, it has been shown that the rate of para-
valvular leaks remains unchanged at all time points.®

Additionally, as reported in a previous smaller
series,”® the elevated post-procedural mean transval-
vular pressure gradients observed after the SU-SAVR
might have had an impact on HF readmissions. Future
studies are needed to further evaluate the association
between SU-SAVR and HF readmissions.

Study Limitations

While the baseline characteristics of the 2 cohorts were
well balanced with the propensity-score analysis, some
unrecognized confounders and frailty parameters (not
measured in this study) may have influenced the results.
Also, there was no external adjudication event committee
in this study. The limited echocardiographic data at fol-
low-up precluded drawing definitive conclusions on valve
performance and its relationship with clinical outcomes,
such as HF or mortality. Finally, although the study
included the largest cohort of low-risk patients undergo-
ing SU-SAVR to date, the final sample size was relatively
limited and a type |l error cannot be excluded regarding
the comparison between groups for some clinical events.
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Conclusions

In conclusion, in low-risk patients with severe symptom-
atic AS, TAVR with newer generation valve systems was
associated with improved in-hospital outcomes (except
for conduction disturbances) and better postprocedural
valve hemodynamics compared with SU-SAVR. While
no differences in mortality and stroke were observed
between TAVR and SU-SAVR after a median follow-up
of 2 years, SU-SAVR recipients had a higher risk of HF
readmission. These data go in the same direction as pre-
vious randomized TAVR-SAVR trials in low-risk patients
and would support TAVR over SU-SAVR in the major-
ity of such patients. The choice of SU-SAVR in low-risk
patients should be determined by individual factors such
as patient-specific anatomic considerations leading to an
increased risk of suboptimal results with TAVR.
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Key question

What is the incidence, predictors and prognosis of
pacemaker (PPM) implantation after SU-SAVR in low-

risk patients with aortic stenosis? LOW-RISK SU-SAVR patients
n=400
Key finding(s) 9%
No oW ]
Up to 9% of low-risk patients treated with Perceval valve required a Pacemaker Pacemaker | s : .Y {
PPM but it was not associated with a higher mortality at mid-term n=364 n=36 3old BRI 48

follow-up. Prior RBBB increased the risk of PPM.

]

Take-home message

In low-risk patients with aortic stenosis, PPM implantation
rates after SU-SAVR might be higher compared to
conventional SAVR. However, no impact on clinical
outcomes was found at 3-year follow-up.

Abstract

OBJECTIVES: Sutureless aortic valve replacement (SU-SAVR) has been associated with higher rates of permanent pacemaker (PPM) com-
pared with conventionally implanted aortic bioprostheses. The purpose of this study was to determine the incidence, predictors and mid-
term prognostic impact of PPM after Perceval (Livanova, London, UK) SU-SAVR in low-risk patients.

©The Author(s) 2022. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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METHODS: A total of 400 consecutive low-risk (EuroSCORE Il < 4%) patients without prior pacemaker who underwent surgical aortic valve
replacement with the Perceval prosthesis from 2013 to 2019 in 2 centres were included. Baseline, clinical and electrocardiographic param-
eters, procedural characteristics and follow-up data were collected.

RESULTS: PPM was required in 36 (9%) patients after SU-SAVR, with a median time between the procedure and PPM implantation of
7.5 (4.5-10.5) days. Older age and prior right bundle branch block (RBBB) were associated with an increased risk of PPM (P <0.05 for
all), but only baseline RBBB was found to be an independent predictor of new PPM requirement (odds ratio: 2.60, 95% confidence
interval: 1.15-5.81; P=0.022). At a median follow-up of 3.4 (2.3-4.5) years, there were no differences between groups in mortality
(PPM: 36%, no PPM: 22%, P=0.105) or heart failure rehospitalization (PPM: 25%, no PPM: 21%, P=0.839).

CONCLUSIONS: About 1 out of 10 low-risk patients with aortic stenosis undergoing SU-SAVR with the Perceval prosthesis required PPM
implantation. Prior RBBB determined an increased risk (close to 3-fold) of PPM following the procedure. PPM was not associated with a

higher risk of clinical events at 3-year follow-up.

Keywords: Aortic valve stenosis + Heart conduction system + Cardiac pacemaker

ABBREVIATIONS
AHA/ACCF/HRS American Heart Association/American
College of Cardiology/Heart Rhythm Society

AVB Atrioventricular block

Cl Confidence interval

< Computed tomography

ECG Electrocardiographic

HF Heart failure

HR Hazard ratio

PPM Permanent pacemaker

RBBB Right bundle branch block

SAVR Surgical aortic valve replacement

SU-SAVR Sutureless aortic valve replacement

TAVI Transcatheter aortic valve implantation
INTRODUCTION

Over the last decade, sutureless and rapid-deployment valves
have been developed to facilitate surgical aortic valve replace-
ment (SAVR) and promote minimally invasive approaches [1].
Sutureless valves have been used in surgical practice in elderly
comorbid patients to reduce cross-clamp and cardiopulmonary
bypass times as well as to overcome some transcatheter aortic
valve implantation (TAVI) limitations related to not removing the
native calcified aortic valve.

In line with the TAVI experience, conduction disorders that
require permanent pacemaker (PPM) implantation have
emerged as an important complication associated with suture-
less aortic valve replacement (SU-SAVR) [2, 3]. The incidence of
PPM after SU-SAVR has ranged from 4% to 23%, and such vari-
ability may be partially related to the relatively small sample
size and unicentric nature of most previous studies [3-7].
However, following the approval of TAVI for use across all pa-
tient risk spectrum [8), a better knowledge about the predictors
of new-onset conduction disturbances after SU-SAVR would be
clinically important, as these surgical valves are intended to be
an alternative to TAVI. Also, the long-term clinical impact of
PPM implantation in SU-SAVR patients remains largely un-
known. Hence, this two-centre study aimed to determine the
incidence, predictors and late clinical impact of new PPM im-
plantation after SU-SAVR in low-risk patients with severe aortic
stenosis.
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PATIENTS AND METHODS
Ethical statement

The study was performed according to the Ethics Committee of
participating centres, and the patients provided informed con-
sent for the procedures.

Study population

This retrospective observational study included a total of 400
consecutive low-risk patients (EuroSCORE Il <4%) who under-
went SU-SAVR with the Perceval prosthesis (Livanova, London,
UK) in two centres during the period 2013-2019. Figure 1 shows
the flowchart of the study population. Patient’s eligibility for sur-
gery and suitability for SU-SAVR was evaluated by a multidiscip-
linary Heart Team in both participating centres. Patients with
prior PPM implantation and those who died during the index
procedure were excluded from the analysis. All baseline clinical
and electrocardiographic (ECG) features, procedural characteris-
tics, and follow-up data were prospectively collected in a dedi-
cated database at each participating centre. ECG conduction
disturbances were defined according to the American Heart
Association/American College of Cardiology/Heart Rhythm
Society (AHA/ACCF/HRS) recommendations for the standardiza-
tion and interpretation of the ECG [9] In accordance with the
AHA/ACCF/HRS recommendations, PPM implantation was indi-
cated either if third-degree or advanced second-degree atrioven-
tricular block (AVB) at any anatomic level occurred and was not
expected to resolve or in the presence of sinus node dysfunction
and documented symptomatic bradycardia. For patients who
required a PPM, the selection of a single- or dual-chamber pace-
maker and pacing mode were selected according to AHA/ACCF/
HRS recommendations [10].

Clinical follow-up was carried out during clinic visits or by tele-
phone calls at 1 and 12months after the procedures and yearly
thereafter. Records from referring cardiologists and other hospitals
were consulted for further information during follow-up. Clinical
information that allowed to evaluate outcomes during follow-up
was available in all patients, and ECG tracings during follow-up vis-
its were accessible in all patients with new PPM. All clinical events
were recorded and defined according to criteria established by the
guidelines of the Councils of the American Association for
Thoracic Surgery, The Society of Thoracic Surgeons and The
European Association for Cardio-Thoracic Surgery [11].
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Study population (2013-2019)

n=550

Exclusion criteria:

- Previous PPM n=32
. - Death during surgery n=1
- Euroscore=4 n=117

Low-risk SU-SAVR patients
n=400

STUDY POPULATION
NEW PACEMAKER .
IMPLANTATION DURING NEVEVF’PM
HOSPITALIZATION n=36

Figure 1: Study flowchart.

Statistical analysis

Categorical variables were expressed as absolute numbers and
percentages, and quantitative variables as mean (standard devi-
ation) or median (interquartile range) depending on data distri-
bution. Data distribution was assessed with normal Q-Q plots,
and non-normal variables were log-transformed. Differences be-
tween groups were determined using the chi-squared test,
Student’s t-test or Kruskal-Wallis test as appropriate. Associations
between clinical, ECG variables and PPM implantation were
assessed by calculations of crude and adjusted odds ratios.
Multivariable logistic regression analyses included all clinical vari-
ables that exhibited a P-value of <0.10 in the univariable analysis.
Cox regression models were performed to establish the risk of
all-cause mortality or heart failure (HF) readmission during
follow-up according to PPM implantation and regression risk-
unadjusted survival curves for mid-term outcomes were plotted.
All statistical analyses were performed using STATA V.13.0
(College Station, TX, USA).

RESULTS

A total of 36 patients (9%) required PPM implantation after SU-
SAVR (Fig. 1). PPM implantation was performed at a median of
7.5 (4.5-10.5) days following the intervention. The conditions
that led to PPM implantation were: complete or advanced AVB
in 69.4% of cases, transient AVB and posterior left bundle branch
block or right bundle branch block (RBBB), in 13.9% and 2.8% of
cases, respectively, and severe bradycardia in 13.9% of cases.
Pacemaker type and pacing mode of patients with new PPM
were dual chamber system (DDD) in 75% of patients and ven-
tricular demand pacing (VVI) in 25%.

After SU-SAVR, the incidence of PPM remained stable over
time, with rates 10.2% and 8.0% in the first and second half of
the study period, respectively (P=0.447) (Fig. 2).

The baseline characteristics of the study population, overall
and according to the need of PPM following SU-SAVR are pre-
sented in Table 1. Compared to patients without PPM, patients
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Figure 2: Incidence of permanent pacemaker and sutureless aortic valve re-
placement implants per year.

with new PPM were older (mean age: 794 vs 77 £6years;
P=0.029) and exhibited a higher rate of baseline RBBB (27.8% vs
11.8%; P=0.007) (Table 2).

The main procedural characteristics of the study population
are shown in Table 3. Surgery was commonly performed via full
sternotomy (64.9%) whereas mini-sternotomy was used in 35.1%
of patients. Combined procedures were performed in 22.8% of
cases. Both aortic cross-clamping and cardiopulmonary bypass
times were similar between groups (45 [37-60] vs 44 [38-58] min,
P=0469, and 69 [54-80] vs 64 [55-82] min; P=0428,
respectively).

In the univariable analysis, age (P=0.029) and prior RBBB
(P=0.007) were associated with an increased risk of PPM im-
plantation after surgery. In the multivariable analysis, only prior
RBBB was retained as an independent predictor of new PPM fol-
lowing SU-SAVR [odds ratio: 2.60, 95% confidence interval (Cl):
1.15-5.81; P=0.022] (Table 4).

Of 36 patients with new PPM after SU-SAVR, 44.4% presented
spontaneous atrioventricular conduction on ECG tracings during
regular device interrogations at 3-year follow-up. When consid-
ering no new PPM group (n = 364), only 6.3% of patients required
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Table 1: Baseline demographic and clinical characteristics of the study population
Overall (n=400) New PPM (n =36) No PPM (n=364) P-value
Demographics
Age, years 77.2£62 794+44 770+64 0.029
Male sex 166 (41.5) 19(52.8) 147 (40.4) 0.150
BMI, kgjﬂ'\2 295+£52 303+49 294+52 0.302
Clinical history
Arterial hypertension 342 (85.5) 32(88.9) 310(85.2) 0.545
Diabetes mellitus 140 (35.0) 12(333) 128(13.8) 0826
COPD 50 (12.5) 5(13.9) 55 (14.4) 0. 801
Stroke 37(9.3) 3(83) 34(9.3) 0.842
CAD 147 (36.8) 17 (47.2) 130(35.7) 0172
Prior M| 40(10.0) 3(83) 37(102) 0.727
Prior PCI 32(8.0) 4(11.1) 28(77) 0471
Prior cardiac surgery 34(8.5) 1(2.8) 33(9.1) 0.235
CABG 6(1.5) 0(0) 6(1.6) 0535
NYHA /v 164 (41.0) 18(50.0) 146 (40.1) 0127
eGFR (ml/min/1.73 m?) 71.0£239 64.6+232 71.6+£239 0.094
Haemoglobin, g/dI 126+1.4 124413 126+ 1.5 0.601
Risk scores
EuroSCORE II, % 2.0(1.3-25) 1.9(13-2.6) 20(1.3-25) 0666
STS-PROM, % 27(17-3.1) 29(1.9-33) 27(1.6-31) 0.462
Baseline treatment
Beta-blockers 139 (34.8) 14(38.9) 125 (343) 0.585
Calcium channel blockers 65(16.3) 6(16.7) 59(16.2) 0.945
Digoxin 20(5.0) 1(28) 19(5.2) 0521
Amiodarone 11(2.8) 1(2.8) 10(2.8) 0.991

Results are expressed as mean + SD or median (interquartile range) for quantitative variables and n (%) for categorical.

“Data available in 338 patients.

BMI: body mass index; CABG: Coronary artery bypass grafting CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated
glomerular filtration rate; MI: myocardial infarction; NYHA: New York Heart Association class; PCl: Percutaneous Coronary Intervention; PPM, permanent pace-
maker; STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality; SD: standard deviation.

a new PPM implantation at follow-up (all of them occurring be-
yond the first year of the surgical procedure).

Late clinical outcomes

After a median follow-up of 3.4 (2.3-4.5) years, all-cause mortal-
ity was 36.1% in patients with new PPM and 22.0% in patients
without PPM [hazard ratio (HR): 1.62, 95% Cl: 0.90-2.92,
P=0.105]. There were no differences in HF hospitalizations be-
tween groups (PPM: 25.0% vs no PPM: 20.9%, HR: 1.08, 95% CI:
0.52-2.22, P=0.839) or in the composite end point of all-cause
mortality or HF hospitalization (HR: 1.35, 95% Cl: 0.81 - 2.24,
P=0.252) (Table 5). The Kaplan-Meier survival curves at 4-year
follow-up according to the need of PPM following SU-SAVR are
shown in Fig. 3. To assess the contribution of myocardial function
or valve performance on clinical outcomes, baseline and
echocardiographic data during follow-up was analysed
(Supplementary Material, Tables S1 and S2).

DISCUSSION

This is the first study to provide late outcomes in low-risk
patients with new PPM implantation after SU-SAVR. The main
findings of the study can be summarized as follows [1]: Close to 1
out of 10 patients undergoing SU-SAVR with the Perceval pros-
thesis required PPM implantation following the procedure [2]
Prior RBBB determined an increased risk (close to three-fold) of
PPM requirement after surgery [3]; after a median follow-up of 3
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years, mortality and HF hospitalization rates were not significant-
ly different between new PPM and no PPM groups.

Mechanisms, incidence and predictors of new PPM
after SU-SAVR

In contrast to conventional aortic valve surgery where PPM may
be needed due to the presence of sutures near the conduction
system, radial force of the self-expanding frame during valve im-
plantation and subsequent ballooning may be responsible for
new conduction disorders in SU-SAVR; as it also occurs in TAVI.
Contemporary surgical series report PPM rates of 2.7% in con-
ventional SAVR [12], whereas the Sutureless and Rapid-
Deployment Aortic Valve Replacement International Registry,
which is the largest multicentre registry that assessed the safety,
efficacy and outcomes of SU-SAVR using any available sutureless
and rapid-deployment valve prosthesis, the overall PPM rate was
10.4%, and it decreased significantly over the study period (from
17.2% to 5.4%, P=0.002) [13], suggesting a significant surgical
learning curve effect. Since 2016, annual PPM rates diminished as
number of implants increased in our series; however, sample size
was not sufficient to obtain statistically significant differences.
Moreover, in the Sutureless and Rapid-Deployment Aortic Valve
Replacement International Registry, the limited preoperative ECG
data precluded an evaluation of the factors associated with PPM
implantation requirement. Verlinden et al. [6] provided data from
a large cohort of patients on ECG changes after SU-SAVR.
Consistent with our results, the rate of PPM implantation was
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Table 2: Baseline electrocardiographic and echocardiographic characteristics of the study population

Overall (n=400) New PPM (n=36) No PPM (n = 364) P-Value

ECG characteristics, n (%)

Sinus rhythm 343 (85.8) 30(83.3) 313(86.0) 0.664

Atrial fibrillation 56 (14.0) 5(139) 51(14.0) 0.984
PR interval (ms), median (IQR) 164.3 (140-200) 172.5 (140-200) 163.6 (140-180) 0.160
First-degree AVB, n (%) 40(10.0) 5(139) 35(9.6) 0.342
RBBB, n (%) 53(13.3) 10 (27.8) 43(11.8) 0.007
Incomplete RBBB, n (%) 8(2.0) 1(28) 7(1.9) 0727
LBBB, n (%) 27(6.7) 1(2.8) 26(7.1) 0319
Incomplete LBBB, n (%) 26 (6.5) 2(5.6) 24(6.6) 0.810
Left anterior hemiblock, n (%) 23(5.8) 2(5.6) 21(5.8) 1.000
IVCD, n (%) 26 (6.5) 1(28) 25(6.9) 0494
QRS duration 100.0 (83-110) 102.9 (80-120) 99.7 (84-106) 0.408

>100 ms, n (%) 185 (46.3) 21(583) 164 (45.1) 0.127

>120 ms, n (%) 80(20.0) 11 (306) 69 (19.0) 0.097
Ecocardiographic characteristics

AV mean PG, mmHg, mean * SD 4854172 529+13.7 48.0+17.4 0117

LVEF (%), mean + SD 6241115 636:10.6 623+115 0.515

AV: aortic valve; AVB: atrioventricular block; ECG: electrocardiographic; IQR: interquartile range; IVCD: intraventricular conduction delay; LBBB: left bundle branch
block; LVEF: left ventricular ejection fraction; PG: peak gradient; PPM: permanent pacemaker; RBBB: right bundle branch block.

Table 3: Procedural characteristics of sutureless aortic valve replacement

Overall (n=400)

Surgical approach,® n (%)

Full sternotomy 213/328 (64.9)

Minimally invasive approach 115/328 (35.1)
Combined procedure (AVR + CABG), n (%) 91(22.8)
Prosthesis size, mm, median (IQR) 23 (23-25)
Prosthesis size/BSA, median (IQR) 13.6(12.6-14.4)
Clamping time, min,* median (IQR) 44 (38-60)
CPB time, min,* median (IQR) 65 (54.5-82)
In-hospital length, days, median (IQR) 12(9-17.5)

New PPM (n =36) No PPM (n=364) P-Value
24/35 (68.6) 189/293 (64.5) 0.634
11/35(31.4) 104/293 (35.5)

10(27.8) 81(222) 0451
25(23-25) 23(23-25) 0162
13.8(12.8-14.6) 13.6(126-14.4) 0.229
45 (37-60) 44 (38-58) 0469
69 (54-80) 64 (55-82) 0.428
15(13.5-23) 11(3-17) 0.014

“Data are available in 328 patients.

AVR: aortic valve replacement; BSA: body surface area; CABG: coronary artery bypass graft; CPB: cardiopulmonary bypass; IQR: interquartile range; PPM: perman-

ent pacemaker.

9.5%, but unlike our study, most patients were at intermediate
surgical risk and data on long-term outcomes were not available.
In a recently published meta-analysis, Moscarelli et al. [14]
reported an incidence of PPM after Perceval of 7% (95% Cl 6-
9%); however, significant heterogeneity was observed across
studies included in the meta-analysis.

Sutureless aortic valves, such as the Perceval valve, have ‘self-
anchoring’ properties enabling a rapid deployment and reducing
cardiopulmonary bypass times. In addition, valve deployment is
performed under direct surgical vision, which allows the excision
of the native valve and decalcification. These features could po-
tentially translate into a more accurate placement of the valve
prosthesis compared to TAVI. However, the rates of PPM im-
plantation after SU-SAVR have been similar to those reported in
TAVI [15] Thus, a better knowledge of the factors determining an
increased risk of conduction disturbances among SU-SAVR recip-
ients remains of high clinical relevance.

The main preprocedural risk factor associated with an
increased risk of PPM implantation following TAVI is the pres-
ence of RBBB (3- to 47-fold risk) [16]. Less consistently, the pres-
ence of first-degree AVB has also been associated with the

occurrence of high-degree or complete AVB following the pro-
cedure [17, 18]. In agreement with our results, some small
sample-sized SU-SAVR studies have also identified RBBB as a pre-
dictor of PPM implantation [3-6]. In addition, some studies have
supported the value of anatomical risk factors in predicting a
PPM requirement, such as membranous septum length, calcium
volume and device landing zone calcification, which can be
determined by computed tomography (CT) [19, 20]. Determining
the appropriate size of a sutureless valve is performed with a dir-
ect sizing technique; therefore, CT is not routinely performed in
the preprocedural work-up for SU-SAVRs and limited data are
available on anatomic predictors of conduction disturbances in
this context. However, Gersak et al. [21] and Lorusso et al. [7]
showed that oversizing (determined by the implanted valve size
indexed to body surface area) was a significant risk factor for
PPM. Nonetheless, although anatomical data were an important
limitation of our study, the index Prosthesis size/body surface
area was not statistically different in the PPM group compared
with the no PPM group (13.8 vs 13.6, P=0.229). Interestingly,
there have been controversial reports regarding RBBB as a risk
factor of PPM after standard SAVR [22, 23], further highlighting
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Table 4: Univariate and significant multivariable predictors of PPM after SU-SAVR

Univariate Multivariate
Odds ratio (95% Cl) P-Value Odds ratio (95% Cl) P-Value
Age 1.08 (1.00-1.16) 0.029
eGFR (ml/min/1.73 m?) 0.99 (0.97-1.00) 0.094
Previous RBBB 2.87 (1.29-6.36) 0.007 2.60(1.15-5.81) 0.022
Cl: confidence interval; eGFR: estimated glomerular filtration rate; RBBB: right bundle branch block.
Table 5: Late clinical outcomes according to the presence of new permanent pacemaker
New PPM (n=36) No new PPM (n =364) Undajusted HR
Num. of events Num. of events HR (95% ClI) P-Value
All-cause death 13(36.1) 80 (22.0) 1.62 (0.90-2.92) 0.105
HF hospitalization 9(25.0) 76 (20.9) 1.08 (0.52-2.22) 0.839
Composite end point 17 (47.2) 121(332) 1.35 (0.81-2.24) 0.252
The number of events is expressed as n (%). Rates are expressed per 100 patients-year.
HF: heart failure; HR: hazard ratio; PPM: permanent pacemaker.
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Figure 3: Regression risk-unadjusted survival curves for mid-term outcomes.

the impact of technical differences between SU-SAVR and stand-
ard SAVR on conduction disturbances following the intervention.

The application of new techniques for implanting a transcath-
eter aortic valve (eg. limiting implantation depth) and
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implementation of algorithm strategies for managing conduction
disturbances has resulted in improved PPM rates in the TAVI field
[24, 25]. In addition, technical modifications of the SU-SAVR pro-
cedure were proposed and published in 2016 by Fischlein et al.



[26]. Moreover, design enhancements such as lowering the height
of the sealing collar (commercialized recently as the Perceval
Plus model) have been introduced with the aim of lowering PPM
requirements [27].

In 2019, Vogt et al. [28] demonstrated that the previously pro-
posed measures, including annulus decalcification, higher place-
ment of the sutures, and reduced balloon pressure dilatation
decreased the likelihood of conduction issues following the pro-
cedure. Interestingly, in the same study, a high proportion of
patients were found to be no longer pacemaker dependent at
follow-up. Similarly, 44.4% of patients in our series regained
spontaneous atrioventricular conduction at follow-up. Hence, the
results of our study reinforce a prolonged monitoring strategy
with pacemaker programming to promote a spontaneous atrio-
ventricular conduction, when possible, in patients with new PPM
after SU-SAVR.

Late clinical impact of new PPM after SU-SAVR

Data regarding the clinical impact of PPM following TAVI
have been controversial, but a recent meta-analysis suggested
an increased risk of 1-year all-cause mortality and HF hospi-
talization in those patients requiring PPM implantation [29].
In the same line, SAVR series report that the need for PPM
after aortic valve replacement independently reduces long-
term survival [30]. However, the long-term implications of
PPM implantation in SU-SAVR recipients have not been
determined yet.

In our series, while the mortality events were numerically
higher in the PPM group, no statistically significant differences
were observed between groups after a median follow-up of
3years. Also, a similar incidence of HF hospitalization was
observed in PPM and no PPM patients. Nevertheless, studies
with a larger sample size will be needed to draw definite conclu-
sions on this topic.

The choice of SU-SAVR over TAVI in low-risk patients should
be determined by individual factors such as challenging ana-
tomical features. As sutureless devices are considered as an at-
tractive solution for minimally invasive surgery, increasing
attention should be paid on strategies to improve PPM rates as
transcatheter valves will be progressively implanted in lower-
risk patients in the coming years. Moreover, new pacing techni-
ques with the aim of maintaining contractile function and war-
rant a more physiological pacing should be taken into
consideration when a new PPM is required, particularly in low-
risk patients.

Limitations

This study has some limitations. Analyses were exploratory
in nature and 95% Cls were not adjusted for multiple compari-
sons; consequently, inferences drawn from them may not be re-
producible. As annular size measurements by CT are not
routinely performed in SU-SAVR and echocardiography is not
accurate enough, anatomical data in our study were limited.
Therefore, we examined the implanted valve size indexed to
body surface area to obtain useful data related to aortic annulus
sizing. We only observed a limited number of events and, thus,
the study does not have enough statistical power to exclude
real differences for mid-term clinical events when comparing
both groups.

PUBLICACIONES

CONCLUSION

In conclusion, in low-risk aortic stenosis patients undergoing SU-
SAVR, the rate of new PPM implantation was 9%, which seems to
be higher than that reported following standard SAVR, and the
presence of RBBB further increased the risk of PPM (close to
three-fold) in SU-SAVR recipients. PPM implantation after SU-
SAVR had no significant impact on clinical outcomes after a me-
dian follow-up of 3 years, but future studies with a larger sample
size and longer follow-up are warranted to provide definite con-
clusions. Continuous efforts (device iterations, valve implantation
techniques) to reduce the occurrence of conduction disturbances
would be of high clinical importance.
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ABSTRACT

Objective To evaluate the incidence, predictive factors
and prognostic value of new-onset persistent left
bundle branch block (NOP-LBBB) in patients undergoing
sutureless surgical aortic valve replacement (SU-SAVR).
Methods A total of 329 consecutive patients without
baseline conduction disturbances or previous permanent
pacemaker implantation (PPI) who underwent SU-SAVR
with the Perceval valve (LivaNova Group, Saluggia,

Italy) in two centres from 2013 to 2019 were included.
Patients were on continuous ECG monitoring during
hospitalisation and 12-lead ECG was performed after
the procedure and at hospital discharge. NOP-LBBB was
defined as a new postprocedural LBBB that persisted at
hospital discharge. Baseline, procedural and follow-up
clinical and echocardiography data were collected in a
dedicated database.

Results New-onset LBBB was observed in 115
(34.9%) patients, and in 76 (23.1%) persisted at
hospital discharge. There were no differences in baseline
and procedural characteristics between patients with
(n=76) and without (n=253) NOP-LBBB. After a median
follow-up of 3.3 years (2.3—4.4 years), patients with
NOP-LBBB had a higher incidence of PPI (14.5% vs
6.3%, p=0.016), but exhibited similar rates of all-cause
mortality (19.4% vs 19.2%, p=0.428), cardiac mortality
(8.1% vs 9.4%, p=0.805) and heart failure readmission
(21.0% vs 23.2%, p=0.648), compared with the no/
transient LBBB group. NOP-LBBB was associated with

a decrease in left ventricular ejection fraction (LVEF) at
1-year follow-up (delta: —5.7 vs +0.2, p<0.001).
Conclusions NOP-LBBB occurred in approximately a
quarter of patients without prior conduction disturbances
who underwent SU-SAVR and was associated with a
threefold increased risk of PPl along with a negative
impact on LVEF at follow-up.

INTRODUCTION

The selection of the type of procedure (surgical vs
transcatheter) and prosthesis for treating elderly
patients with severe symptomatic aortic stenosis
(AS) relies on the patient’s clinical characteristics,
preoperative risks and anatomical considerations.’
In parallel to the development of the transcatheter
aortic valve replacement (TAVR), sutureless surgical
aortic valve replacement (SU-SAVR) was designed

! Vassili Panagides @ ,*
3

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The advent of transcatheter aortic valve
replacement (TAVR) and sutureless surgical
valves has expanded the therapeutic options
in patients with severe aortic stenosis;
however, the development of new conduction
disturbances remains one of the most important
drawbacks of both procedures.

= Few data are available regarding the incidence
of new-onset persistent left bundle branch
block after sutureless surgical aortic valve
replacement (SU-SAVR) and its late clinical
consequences.

WHAT THIS STUDY ADDS

= The incidence of new-onset LBBB after SU-SAVR
among patients with severe symptomatic aortic
stenosis was 34.9% and LBBB was persistent in
almost two-thirds of patients.

= Patients with new-onset LBBB after SU-
SAVR presented a threefold increased risk of
permanent pacemaker implantation at 3-year
follow-up and more than half of pacemaker
implantations occurred within the first 24
months.

= New-onset LBBB after SU-SAVR was associated
with lower left ventricular ejection fraction at
follow-up that did not translate into increased
all-cause mortality or heart failure readmissions.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The incidence of conduction disturbances
after SU-SAVR is closer to TAVR than to SAVR
with conventional bioprosthesis and must be
considered in the decision-making process.

= The results of this study provide useful
information for the management of patients
undergoing SU-SAVR, recommending a
prolonged monitoring strategy for these
patients after the procedure.

to simplify the conventional surgical procedure,
facilitating a less invasive approach.”

The occurrence of conduction disturbances, partic-
ularly new-onset left bundle branch block (LBBB), is
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a well-known complication of TAVR,’* and randomised trials have
consistently shown a higher incidence of new-onset LBBB in TAVR
recipients compared with their surgical counterparts.’ © Addition-
ally, new-onset persistent left bundle branch block (NOP-LBBB) has
been associated with poorer outcomes following TAVR.” The inci-
dence of NOP-LBBB after conventional SAVR has been reported
to range from 6% to 329 * and such variability may be related
to the heterogeneity of patients included (different concomitant
procedures, with both AS and/or insufficiency, and different types
of valves).” Previous studies have shown that SU-SAVR is associ-
ated with a higher risk of developing LBBB compared with other
surgical bioprosthesis.'”'> However, the factors associated with
this complication and its clinical consequences following SU-SAVR
remain unknown. Thus, the aims of this study were (1) to describe
the incidence of NOP-LBBB after SU-SAVR among patients with
severe symptomatic AS, (2) to identify the factors associated with
the occurrence of NOP-LBBB and (3) to determine the long-term
prognostic value of developing NOP-LBBB following SU-SAVR.

METHODS
Study population
Between March 2013 and June 2019, a total of 549 patients with
severe AS underwent SU-SAVR with the Perceval valve (Liva-
Nova Group, Saluggia, Italy) in two centres. Of these, patients
with prior permanent pacemaker implantation (PPI) or conduc-
tion disturbances were excluded, leading to a final study popu-
lation of 329 patients (online supplemental figure 1). Combined
procedures, either concomitant coronary revascularisation or
valvular intervention, were excluded from the analysis.
Baseline, in-hospital and follow-up data were prospectively
collected in a data set at each participating centre. All patients
provided signed informed consent for the procedures.

Implantation technique

A high transverse aortotomy, leaflet excision and annulus decal-
cification are performed and, after an appropriate sizing of the
prosthesis established with a specific sizer, guiding sutures are
placed in each valve sinus to adequately hold the tension applied
during the implantation of the device. The valve is positioned and
deployed in the aortic annulus under direct vision. Balloon dila-
tion to 4 atm provides sealing of the valve by radially expanding
the inflow stent, and finally the guiding sutures are removed. An
echocardiography is recommended to confirm positioning and
valve functionality under beating heart conditions."’

Patient and public involvement
Patients were not involved in the design, recruitment, conduct or
dissemination of this research.

ECG data and criteria for PPI

All ECG tracings were recorded at baseline, after the procedure, at
hospital discharge and during follow-up. Moreover, patients were
on continuous ECG monitoring during the hospitalisation period.
ECG conduction disturbances were defined according to the Amer-
ican Heart Association/American College of Cardiology Founda-
tion/Heart Rhythm Society (AHA/ACCF/HRS) recommendations
for standardisation and interpretation of ECG." In agreement
with the AHA/ACCF/HRS recommendations, PPI was indicated
either if third-degree or advanced second-degree atrioventricular
block occurred, or in the presence of sinus node dysfunction and
documented symptomatic bradycardia. Indications for pacing and
cardiac resynchronisation therapy (CRT) were selected according
to the AHA/ACCF/HRS recommendations."*

Terapias minimamente invasivas para la EAo

New-onset transient LBBB was defined as a new LBBB that
resolved before hospital discharge. NOP-LBBB was defined as
any new-onset LBBB that persisted at hospital discharge. Patients
with new-onset LBBB who died before hospital discharge were
also included in the NOP-LBBB group if the last ECG available
meets the diagnostic criteria of LBBB.

Table 1 Baseline and procedural findings according to the
occurrence and type (persistent, transient) of new-onset LBBB
following sutureless surgical aortic valve replacement

Overall NOP-LBBB  No/transient LBBB
(N=329) (n=76) (n=253)
Baseline characteristics
Age, years 77.6+6.2 78.2+5.1 77.416.5
Male sex 118 (35.9) 23(303) 95 (37.6)
BMI, kg/m’ 29.1+5.4 29.4+4.7 29.0+5.6
Comorbidities
Hypertension 286 (86.9) 71(93.4) 215 (85.0)
Diabetes mellitus 114 (34.7) 21 (27.6) 93 (36.8)
PAD 39(11.9) 9(11.8) 30(11.9)
COPD 43 (13.1) 10(13.2) 33(13.0)
Prior stroke 36(10.9) 6(7.9) 30(11.9)
CAD 137 (41.6) 34 (44.7) 103 (40.7)
Previous MI 45(13.7) 9(11.8) 36 (14.2)
Previous PCI 30(9.1) 5 (6.6) 25(9.9)
Atrial fibrillation 68 (20.7) 15(19.7) 53 (21.0)
NYHA llI-IV 165 (50.2) 32(42.1) 133 (52.6)
eGFR (mUmin/1.73 m?) 69.1+26.0  70.2+24.7  68.8+26.5
Risk scores
EuroSCORE II, % 2.0(1.3-3.7) 20(1.4-32) 2.1(1.3-3.7)
STS PROM, % 26(1.9-39) 26(1.9-3.7) 26(1.94.2)
Baseline treatment
Beta-blockers 128 (38.9) 31 (40.8) 97 (38.3)
Digoxin 9(2.7) 2(2.6) 7(2.7)
Amiodarone 7(21) 3(4.0) 4(1.6)
ECG (ms)
PR interval 162.2+31.8  161.2+30.8  162.5+32.2
QRS duration 89.7+10.8 91.3x139 89.2+9.7
Echocardiography
LVEF (%) 62.8+106  623x116  62.6+10.8
Mean aortic gradient (mnm ~ 48.2+16.2  485x163  48.1x16.2
Hg)
Procedural variables
Approach, n (%)
Mini sternotomy 89 (27.0) 19(25.0) 70 27.7)
Full stemotomy 240 (73.0) 57 (75.0) 183(72.3)
Prosthesis size, mm 23 (23-25) 23(23-25) 23 (23-25)
CBP time, min 69 (55-93)  70(58.5-88) 69 (55-95)
Clamping time, min 47 (38-67)  455(39-62) 47 (38-68)
Length of stay, days 10 (8-15) 12 (8-16) 10 (8-15)

Results expressed as mean=+SD or median (IQR) for quantitative variables and n (%)
for categorical.

BMI, body mass index; CAD, coronary artery disease; CBP, cardiopulmonary bypass;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration
rate; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; LBBB,
left bundle branch block; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; NOP-LBBB, new-onset persistent left bundle branch block; NYHA, New
York Heart Association;PAD, peripheral artery disease; PCl, percutaneous coronary
intervention; STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality;
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Figure 1  Flow chart of conduction abnormalities following sutureless surgical aortic valve replacement. ILBBB, incomplete left bundle branch block;

IVCD, intraventricular conduction delay; LAHB, left anterior hemiblock; LBBB, left bundle branch block; LPHB, left posterior hemiblock; NOP-LBBB, new-
onset persistent left bundle branch block; PPI, permanent pacemaker implantation; RBBB, right bundle branch block.

Follow-up

Clinical follow-up was carried out by clinic visits or telephone
calls at 1 and 12 months after the procedures and yearly there-
after. ECG tracings were obtained during clinical visits. Records
from referring cardiologists and other hospitals were consulted
for further information during follow-up. The minimum
follow-up was 6 months and no patient was lost to follow-up.
Data on clinical events, including the need for PPI, all-cause
mortality, cardiac mortality and heart failure (HF) hospitalisa-
tion, were obtained in all patients. A 12-lead ECG was available
at 1-year follow-up in 272 patients (82.7% of the patients at
risk). An echocardiography examination at 1-year follow-up was
available in 238 patients (72.3% of the patients at risk).

Statistical analysis

Categorical variables were expressed as counts (percentages).
Continuous variables were expressed as mean+SD or median
(IQR), as appropriate. Differences between groups were assessed
using ¥ test, Fisher’s exact test, Student’s t-test or Mann-Whitney
U test, as appropriate. The factors associated with NOP-LBBB

were determined using logistic regression models. Multivari-
able Cox proportional regression analysis was used for analysis
of all-cause mortality. Multivariable competing risk regression
analyses using the Fine and Gray method were performed for
analysis of HF readmission and PPI considering all-cause death
as the competing event. For analysis of cardiac and sudden
death, non-cardiac and non-sudden deaths were considered as
the competing events. The proportional hazards assumption
was evaluated assessing the constancy of the parallel plotted
lines in the log-log graph and by Schoenfeld residuals. Adjusted
cumulative incidence curves were plotted. Clinically relevant
variables, including age, sex, diabetes, coronary artery disease,
atrial fibrillation, the European System for Cardiac Operative
Risk Evaluation II (EuroSCORE II), New York Heart Associa-
tion (NYHA) class III-IV and left ventricular ejection fraction
(LVEF), were entered into the multivariable model. Adjusted
mixed effects models have been fitted to describe changes in
LVEF and QRS width at different time points during follow-up.
The unstructured covariance pattern was used to model within-
patient correlation. Models were adjusted for clinically relevant

Table 2  In-hospital outcomes according to the occurrence and type of new-onset LBBB following sutureless surgical aortic valve replacement

No new LBBB New LBBB Transient LBBB NOP-LBBB

(n=214) (n=115) P value (n=39) (n=76) P value
All-cause death 11(5.1) 5(4.4) 0.750 1(2.6) 4(53) 0.661
Stroke 3(1.4) 3(26) 0.425 1(2.6) 2(2.6) 1.000
Major bleeding 106 (49.5) 65 (56.5) 0.226 24 (615) 41 (54.0) 0.437
New pacemaker 14 (6.5) 13(113) 0.133 3(2.7) 10(132) 0.381
Length of stay, days 10 (8-15) 12 (8-15) 0.083 12 (8-15) 12 (8-15.5) 0.943

Results expressed as n (%) for categorical variables and median (IQR) for quantitative.
LBBB, left bundle branch block; NOP-LBBB, new-onset persistent left bundle branch block.
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Table 3 Late clinical outcomes according to the presence of new-onset persistent LBBB among survivors with no pacemaker implantation

Overall NOP-LBBB No/transient LBBB
Outcome (n=286) (n=62) (n=224) Adjusted HR (95% Cl) P value
Follow-up (years) 332344 33(23-43) 33(23-44) 0.789
All-cause death 55(19.2) 12 (19.49) 43(19.2) 1.32 (0.66 t0 2.62) 0.428
Cardiac death 26(9.1) 5(8.1) 21 (9.4) 1.15 (0.38 t0 3.47) 0.805
Sudden death 10(3.5) 2(32) 8(3.6) 1.31(0.18 10 9.48) 0.791
Heart failure readmission 65 (22.7) 13 (21.0) 52 (232) 1.18 (0.57 t0 2.45) 0.648
Pacemaker implantation 23 (8.0) 9(145) 14 (6.3) 3.16 (1.24 10 8.05) 0.016

LBBB, left bundle branch block; NOP-LBBB, new-onset persistent left bundle branch block.

variables and baseline value of the outcome modelled and
included the interaction term between persistence of LBBB and
time of assessment. To check the model assumption, normality
of residual plots was performed.

Statistical analyses were performed using STATA V.15.0. A
two-sided p<0.05 was considered significant.

RESULTS

Study population

The baseline and procedural characteristics of the study popu-
lation (N=329) are shown in table 1. The mean age was 78+6
years and most patients had a low-risk profile (median Euro-
SCORE 1I: 2.0%; 1.3%-3.7%). A total of 115 patients (34.9%)
had new-onset LBBB following the operation, and this conduc-
tion abnormality resolved before hospital discharge in 39
patients, leading to a total of 76 patients (23.1%) with NOP-
LBBB. The clinical characteristics of the patients according to
the occurrence of NOP-LBBB are shown in table 1. There were
no differences between groups regarding baseline and proce-
dural characteristics (p>0.10 for all).

ECG changes over time

The ECG changes over time in patients with new-onset LBBB
following SU-SAVR are shown in figure 1. Before hospital
discharge, 13 patients with new-onset LBBB required a PPI and
5 patients died. Among the 62 patients with NOP-LBBB alive
and without PPI at hospital discharge, only 10 (16.1%) exhib-
ited a partial or complete resolution of the LBBB at follow-up.
The mean changes in QRS width throughout the study period
are shown in online supplemental figure 2. QRS measurements
at follow-up of those patients classified into the transient LBBB
group were significantly different (p<0.001) from patients clas-
sified into the NOP-LBBB group and were comparable to those
without LBBB. There were no significant changes in QRS dura-
tion over time among patients with NOP-LBBB and no LBBB
resolution at follow-up.

The incidence of NOP-LBBB at the first and second half of the
study period was compared in order to evaluate the existence of
a learning curve effect and no differences were found between
both periods (p=0.580).

Prognostic value of new-onset LBBB after SU-SAVR

Clinical outcomes during the hospitalisation period according to
the occurrence of NOP-LBBB are shown in table 2 and late clin-
ical outcomes of patients with NOP-LBBB and no PPI at hospital
discharge are detailed in table 3. There were no differences
between groups regarding in-hospital outcomes. After a median
follow-up of 3.3 years (IQR 2.3-4.4 years), 19.2% patients had
died, with no differences between patients with and without
persistent LBBB. HF readmissions were similar in both groups

94

(NOP-LBBB: 21.0%, no NOP-LBBB: 23.2%, p=0.648). The
overall rate of PPI was significantly higher in patients with NOP-
LBBB compared with the rest of the study population (14.5%
vs 6.3%; HR 3.16, 95% CI 1.24 to 8.05, p=0.016). The base-
line and procedural findings of the patients grouped according
to the need for PPI (during hospitalisation or the follow-up
period) are shown in table 4. The development of new-onset
LBBB following the procedure was higher among patients who
required PPI (38.0% vs 20.4%, p=0.007). Regarding the timing
to PPI in patients with new-onset LBBB after SU-SAVR proce-
dure, more than half of the patients required a PPI within the
first 24 months. Of 50 patients with new PPI after SU-SAVR,
19 (38%) presented spontaneous atrioventricular conduction on
ECG tracings during regular follow-up device interrogations.
Additionally, CRT was implanted in three patients.

Adjusted cumulative incidence curves at 4-year follow-up are
shown in figure 2A,B, and analyses for cumulative outcomes
from hospital discharge are shown in online supplemental figure
6. Y

Regarding echocardiographic data, while the mean LVEF was
similar between the groups (NOP-LBBB and no/transient LBBB)
at baseline (62.3%=+11.6 vs 62.6%=10.8, p=0.934), patients
with NOP-LBBB had a significant impairment in LVEF during
the follow-up period (delta: —5.7 vs +0.2, p<0.001; figure 3).
Echocardiographic data are detailed in online supplemental
table 1. Additionally, patients who developed NOP-LBBB after
SU-SAVR presented lower improvement in functional status at
1-year follow-up compared with those with no/transient LBBB
(online supplemental figure 4).

DISCUSSION

The main findings of this study can be summarised as follows:
(1) about one-third of patients with severe AS and no prior
conduction disturbances undergoing SU-SAVR developed new-
onset LBBB following the procedure and these ECG changes
persisted (NOP-LBBB) in close to two-thirds of them (about
a quarter of the overall SU-SAVR population); (2) no baseline
or procedural factors were associated with the occurrence of
NOP-LBBB following SU-SAVR; (3) patients with NOP-LBBB
after SU-SAVR presented a threefold increased risk of PPI after a
median follow-up of 3 years, with no association found between
NOP-LBBB and mortality or HF events; and (4) NOP-LBBB was
associated with a negative impact on LVEF at 1-year follow-up.

Incidence and mechanisms of new-onset LBBB after SU-SAVR
Cardiac conduction disturbances, particularly complete LBBB,
are a frequent complication of both SAVR and TAVR procedures
due to the high prevalence of underlying conduction system
disease in patients with AS and the proximity of the aortic valve
to the conduction system.” '®



Table 4 Baseline and procedural findings according to the need for
PPI (in-hospital or during the follow-up period)

PPI (cumulative)  No PPI

(n=50) (n=279) P value

Baseline characteristics

Age, years 77.3t15 77.745.9 0.664

Male sex 22 (44.0) 96 (34.4) 0.193

BMI, kg/m’ 30.2+5.7 28.9+5.3 0.134
Comorbidities

Hypertension 45 (90.0) 241 (86.4) 0.484

Diabetes mellitus 20 (40.0) 94 (33.7) 0.388

PAD 2(4.0) 37(133) 0.092

COPD 5(10.0) 38(13.6) 0.649

Prior stroke 6(12.0) 30(10.8) 0.795

CAD 17 (34.0) 120 (43.0) 0.234

Previous MI 4(8.0) 41 (14.7) 0.266

Previous PCI 3(6.0) 27(9.7) 0.594

Atrial fibrillation 14(28.0) 54 (19.4) 0.164

NYHA llI-IV 25 (50.0) 140 (50.2) 0.981

eGFR (mL/min/1.73 m?) 64.6+:23.6 69.9+26.4 0.178
Risk scores

EuroSCORE II, % 2.1(1.4-3.5) 20(1.33.7) 0.863
STS PROM, % 26(1.9-3.7) 26(1.9-4.0) 0.728
Baseline treatment

Beta-blockers 23 (46.0) 105 (37.6) 0.264

Digoxin 1(2.0) 8(2.9 1.000

Amiodarone 1(2.0) 6(2.2) 1.000
ECG (ms)

PR interval 169.1£35.9 160.9+30.9 0.105

QRS duration 88.9+9.7 89.8+11.0 0.562

LBBB 19 (38.0) 57 (20.4) 0.007
Echocardiography

LVEF (%) 64.0+6.4 62.2£116 0.292

Mean gradient (mm Hg) 45.5+13.4 48.7:16.6 0.209
Procedural variables
Approach, n (%)

Mini sternotomy 13 (26.0) 76 (27.2) 0.856

Full sternotomy 37 (74.0) 203 (72.8)

Prosthesis size, mm 23 (23-25) 23 (23-25) 0.093

CBP time, min 79.4 (61-100) 74.7 (55-93) 0.162

Clamping time, min 57.5(41-77) 53.4(38-67) 0.186

Results expressed as mean=SD or median (IQR) for quantitative variables and n (%)
for categorical

BMI, body mass index; CAD, coronary artery disease; CBP, cardiopulmonary bypass;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration
rate; EuroSCORE 1, European System for Cardiac Operative Risk Evaluation II; LBBB,
left bundle branch block; LVEF, left ventricular ejection fraction; M, myocardial
infarction; NYHA, New York Heart Association; PAD, peripheral artery disease; PCI,
percutaneous coronary intervention; PPI, permanent pacemaker implantation; STS-
PROM, Society of Thoracic Surgeons Predicted Risk of Mortality.

The incidence of new LBBB reported in SAVR studies varies
widely (ranging from 6% to 32%),* with higher rates in patients
with previous surgeries or combined. In spite of major differ-
ences between SU-SAVR and TAVR, recent studies reported a
remarkably higher incidence of LBBB after these procedures
(399 and 15%-2006, respectively)® '” " ' compared with
conventional SAVR.

While previous surgical studies yielded conflicting results
regarding the reversibility of conduction disorders after
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SU-SAVR,'” *” data on changes of newly developed LBBB after
SU-SAVR during follow-up are scarce.

In our series of patients without baseline conduction distur-
bances, the incidence of new-onset LBBB after SU-SAVR was
similar to previous studies (2396-39%)." '° However, up to 84%
of patients with LBBB at hospital discharge remained with NOP-
LBBB at follow-up, which is considerably higher comearcd with
TAVR rates of persistent LBBB at follow-up (~70%).**! Previous
TAVR studies have hypothesised that NOP-LBBB is partially
determined by factors that cause more permanent mechanical
damage of the left conduction system, such as a deeper valve
implantation into the left ventricular outflow tract.”” The aeti-
ology of conduction system disturbances and new-onset LBBB
differs between SAVR and TAVR. The mechanisms during SAVR
may include direct surgical trauma, mechanical compression,
haemorrhage or ischaemia, whereas potential mechanisms during
TAVR may include calcium mobilisation by wire manipulation
or balloon predilatation, compression of the His bundle by the
valve stent frame, haematoma or ischaemia.’ ** ** Our findings
showing that two-thirds of patients with new LBBB remained
with NOP-LBBB at hospital discharge along with the rare LBBB
recovery suggested a more aggressive injury with the Perceval
valve compared with TAVR devices. This can be explained by the
fact that the Perceval valve combines His bundle damage mech-
anisms of both TAVR and SAVR interventions. To ensure proper
implantation of sutureless valves, a complete decalcification of
the aortic annulus is performed, which may lead to direct and
persistent trauma to the conduction system. Additionally, low
positioning of the valve and higher oversizing may be associated
with an increased risk of PPL, similar to TAVR procedures.” *°
Besides, the Perceval valve system is mounted in a Nitinol frame,
whose property of shape memory is responsible for increased
ongoing compression on the conduction system. After valve
positioning, balloon inflation at 4 atm for 30 s is recommended
to provide optimal sealing of the valve to the aortic annulus,"
which may result in greater mechanical stress.

Predictive factors of new-onset, persistent LBBB

Studies evaluating the predictive factors of new-onset LBBB after
SU-SAVR are scarce. Khounlaboud et al*’ reported previous
valve surgery, an immediate postoperative paced rhythm and
postoperative bleeding as independent predictors of new LBBB
after SU-SAVR. The present study, unlike most TAVR and
SU-SAVR available series, specifically focused on patients with
isolated AS without prior conduction disturbances undergoing
sutureless valve implantation. Of note, no predictive factors
were found for persistent LBBB. The lack of baseline clinical
characteristics predisposing the occurrence of conduction distur-
bances following SU-SAVR would suggest that intraprocedural
factors not captured in the present analysis may have been
involved in the occurrence of this complication. This highlights
the importance of further studies dedicated to the procedural
and anatomical aspects potentially associated with this frequent
complication.

Prognostic value of new-onset, persistent LBBB

New-onset LBBB after SAVR has been associated with adverse
outcomes including mortality, syncope and PPI at follow-up.”
The impact of postprocedural LBBB in TAVR patients remains
controversial and multiple studies failed to demonstrate an effect
of new-onset LBBB on all-cause mortality.”* ** Besides, data on
new-onset LBBB and its long-term consequences in SU-SAVR
are scarce. Our findings are in accordance with multiple TAVR
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Figure 2 Adjusted cumulative incidence curves up to 4-year follow-up for (A) overall mortality and (B) PPl in all patients with and without new-
onset persistent LBBB following sutureless surgical aortic valve replacement. LBBB, left bundle branch block; PPI, permanent pacemaker implantation.

studies reporting the lack of impact of new-onset LBBB on clin-
ical outcomes at 3 years, including all-cause mortality, cardio-
vascular mortality, sudden death or hospitalisations for HF.
However, the occurrence of new-onset LBBB was associated
with a threefold increased risk of PPI.

Interestingly, the risk of PPI in patients with new-onset LBBB
after SU-SAVR was not restricted to the early phase after the
procedure, with almost half of pacemaker implantations occur-
ring after the first month post procedure. This discrepancy with
TAVR studies would support the hypothesis of a continuous
harm to the conduction system in some cases.

When analysing ECG tracings during regular follow-up visits,
389 of patients with a new PPI regained atrioventricular conduc-
tion at 3-year follow-up. Therefore, the findings of our study
would support a prolonged monitoring strategy with pacemaker
programming to promote spontaneous atrioventricular conduc-
tion, when possible, in patients with new PPI after SU-SAVR.

Regarding the echocardiographic findings, LVEF increased
over time in patients who did not develop LBBB after SU-SAVR
and slightly decreased in patients with NOP-LBBB, leading
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Figure 3  Evolution of LVEF over time after sutureless surgical aortic

valve replacement according to the occurrence of new-onset persistent
LBBB (*p<0.001). LBBB, left bundle branch block; LVEF, left ventricular
ejection fraction.
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to a statistically significant difference between groups at last
follow-up (p<0.001). LBBB produces an intraventricular desyn-
chrony that results in deterioration of left ventricle systolic and
diastolic function. This deleterious effect on LVEF has been
observed also in patients who develop LBBB post-TAVR.*" Note-
worthy, LVEF progressive deterioration in SU-SAVR patients
with NOP-LBBB did not translate into a higher risk of all-cause
death or HF during follow-up, suggesting that a 3-year follow-up
period might not be long enough to completely assess the impact
of LBBB on clinical outcomes.

Even though NOP-LBBB was not associated with an increase
in all-cause death or HF readmissions at 3-year follow-up, a
lower proportion of patients with NOP-LBBB improved their
NYHA class compared with those with no LBBB, although
differences between groups were non-statistically significant. As
Testa et al** suggested in a TAVR study, the poorer NYHA class
in patients with LBBB could be explained by the intraventricular
desynchrony. Therefore, in patients with persistent LBBB and
reduced LVEF, a strategy of early resynchronisation or physio-
logical pacing may be considered (figure 4).

The present study showed an incidence of new-onset LBBB
after SU-SAVR comparable to the incidence reported in TAVR
and higher than SAVR. The high frequency of PPI with potential
deterioration of LVEF should be considered by the heart team in
the decision-making. The choice of SU-SAVR should be deter-
mined by individual factors such as specific anatomical consid-
erations leading to an increased risk of suboptimal results with
TAVR or standard SAVR.

Study limitations

This study had the limitations inherent to its retrospective nature
and the lack of a central echo core lab. Strict criteria on patient
exclusion, such as all types of baseline conduction disturbances,
significantly decreased the final sample size. This selection bias
and the lack of CT data available might have influenced the
absence of ECG or anatomical predictors of new-onset LBBB
after SU-SAVR. The lack of relationship between persistent
LBBB and mortality or sudden death should be interpreted with
caution. A larger cohort of patients with new-onset LBBB after
SU-SAVR with a longer follow-up period would be necessary to
assess the real clinical impact of new-onset LBBB.

CONCLUSIONS
In conclusion, new-onset LBBB was a frequent complication
of SU-SAVR, with up to a quarter of patients exhibiting this
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NEW-ONSET LEFT BUNDLE BRANCH BLOCK AFTER SUTURELESS AORTIC VALVE REPLACEMENT
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Figure 4 Representative case figure. CRT, cardiac resynchronisation therapy; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction;
NOP-LBBB, new-onset persistent left bundle branch block; NYHA, New York Heart Association.

conduction disturbance at hospital discharge. New-onset LBBB
failed to resolve at 1-year follow-up in the vast majority of cases,
had a negative impact on LVEF and determined a threefold
increased risk of PPI at 3-year follow-up, but no significant effect
on mortality and HF hospitalisation events was observed. The
results of this study provide useful information for the manage-
ment of this complication, reinforcing a prolonged monitoring
strategy after SU-SAVR in selected patients. Also, it highlights
the need for further studies with a longer follow-up to determine
whether the negative effect on LVEF would finally translate into
an increased risk of HF events in this population.

Twitter Victoria Vilalta @victoria_vilata, Germéan Cediel @GermanECediel and
Xavier Carrillo @Xavi_Carrillo7

Contributors VV and JR-C conceived and designed the study. VV, HL, HR, CE, AB,
AA and VP acquired the data and participated in data interpretation. VV wrote the
first draft of the report. VW and GC performed the data analyses, with input from
JR-C and AB-G. All authors were involved in data analysis and interpretation, and
in drafting and critically revising the report. All authors approved the final version
of the manuscript and ensured the accuracy and integrity of the work. All authors
had access to all the data in the study and had final responsibility for the decision
to submit for publication. JR-C is responsible for the overall content of the study as
guarantor.

Funding AA was supported by a grant from the Fundacion Alfonso Martin Escudero
(Madrid, Spain). JR-C holds the Research Chair “Fondation Famille Jacques Lariviére"
for the Development of Structural Heart Disease Interventions.

Competing interests JR-C is consultant for and has received institutional research
grants from Edwards Lifesciences, Medtronic and Boston Scientific.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval The study was performed in accordance with the ethics
committee.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have

been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Victoria Vilalta http://orcid.org/0000-0003-1767-5963
German Cediel http:/orcid.org/0000-0001-9667-7507
Xavier Carrillo http://orcid.org/0000-0001-6691-8859
Vassili Panagides http://orcid.org/0000-0002-0012-1289
Josep Rodés-Cabau http://orcid.org/0000-0001-8237-7095

REFERENCES

Otto CM, Nishimura RA, Bonow RO. ACC/AHA guideline for the management of
patients with valvular heart disease: executive summary: a report of the American
College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. Circulation 2020;2021:143.

Meco M, Montisci A, Miceli A, et al. Sutureless perceval aortic valve versus
conventional stented bioprostheses: meta-analysis of postoperative and midterm
results in isolated aortic valve replacement. JAm Heart Assoc 2018;7. doi:10.1161/
JAHA.117.006091. [Epub ahead of print: 16 02 2018].

Nazif TM, Williams MR, Hahn RT, et al. Clinical implications of new-onset left bundle
branch block after transcatheter aortic valve replacement: analysis of the partner
experience. Eur Heart J 2014;35:1599-607.

Urena M, Mok M, Serra V, et /. Predictive factors and long-term dlinical consequences
of persistent left bundle branch block following transcatheter aortic valve

impl. ion with a balloon dable valve. / Am Coll Cardiol 2012;60:1743-52.
Leon MB, Mack MJ, Hahn RT, et al. Outcomes 2 years after transcatheter aortic valve
replacement in patients at low surgical risk. / Am Coll Cardiol 2021;77:1149-61.
Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter aortic-valve replacement with a
self-expanding valve in low-risk patients. N £ngl / Med 2019;380:1706~15.

Faroux L, Chen S, Muntané-Carol G, et al. Clinical impact of conduction disturbances
in transcatheter aortic valve replacement recipients: a systematic review and meta-
analysis. Fur Heart J 2020;41:2771-81.

Regeer MV, Merkestein LR, de Weger A, et al. Left bundle branch block after
sutureless, transcatheter, and stented biological aortic valve replacement for aortic
stenosis. Eurolntervention 2017;12:1660-6.

Bagur R, Rodés-Cabau J, Gurvitch R, et al. Need for permanent pacemaker as a
complication of transcatheter aortic valve implantation and surgical aortic valve

97

~

w

S

w

o

~

o

©



S

=

=

]

replacement in elderly patients with severe aortic stenosis and similar baseline
electrocardiographic findings. JACC Cardiovasc Interv 2012;5:540-51.

van Boxtel AGM, Houthuizen P, Hamad MAS, et al. Postoperative conduction disorders
after implantation of the self-expandable sutureless Perceval S bioprosthesis. J Heart
Valve Dis 2014;23:319-24.

Lam KY, Timmermans N, Akca F, et al. Recovery of conduction disorders after

sutureless aortic valve replacement. Interact Cardiovasc Thorac Surg 2021;32:703-10.

Berretta P, Montecchiani L, Vagnarelli F, et al. Conduction disorders after aortic valve
replacement: what is the real impact of sutureless and rapid deployment valves? Ann
Cardiothorac Surg 2020;9:386-95.

Glauber M, Miceli A, di Bacco L. Sutureless and rapid deployment valves: implantation
technique from a to Z-the Perceval valve. Ann Cardiothorac Surg 2020;9:330-40.
Surawicz B, Childers R, Deal BJ. AHAJACCF/HRS Recommendations for the
Standardization and Interpretation of the Electrocardiogram: Part Ill: Intraventricular
Conduction Disturbances: A Scientific Statement From the American Heart Assaciation
Electrocardiography and Arrhythmias Committee, Council on Clinical Cardiology; the
American College of Cardiology Foundation; and the Heart Rhythm Society: Endorsed

by the Intemational Society for Computerized Electrocardiology. Circulation 2009;119.

Tracy CM, Epstein AE, Darbar D. ACCF/AHA/HRS focused update of the 2008
guidelines for Device-Based therapy of cardiac rhythm abnormalities: a report of the
American College of cardiology Foundation/American heart association Task force on
practice guidelines and the heart rhythm Society. Circulation 2012;2012:1784-800.
Dawkins S, Hobson AR, Kalra PR, et al. Permanent pacemaker implantation after
isolated aortic valve replacement: incidence, indications, and predictors. Ann Thorac
Surg 2008;85:108-12.

Urena M, Webb JG, Cheema A, et al. Impact of new-onset persistent left bundle
branch block on late clinical outcomes in patients undergoing transcatheter aortic
valve implantation with a balloon-expandable valve. JACC Cardiovasc Interv
2014;7:128-36.

Nazif TM, Chen S, George |, et al. New-onset left bundle branch block after
transcatheter aortic valve replacement is associated with adverse long-term clinical
outcomes in intermediate-risk patients: an analysis from the partner Il trial Fur Heart
12019;40:2218-27.

Baraki H, Al Ahmad A, Jeng-Singh S, et al. Pacemaker dependency after isolated aortic
valve replacement: do conductance disorders recover over time? Interact Cardiovasc
Thorac Surg 2013;16:476-81.

98

20

2

22

2

w

24

2

w

2

o

2

=

28

2

=]

30

Terapias minimamente invasivas para la EAo

Rene AG, Sastry A, Horowitz JM. Recovery of atrioventricular conduction after
pacemaker placement following cardiac valvular surgery: recovery of AV conduction
after valve surgery. J Cardiovasc Electrophysiol 2013;24:1383-7.

Rodés-Cabau J, Urena M, Nombela-Franco L, et a/. Arthythmic Burden as Determined
by Ambulatory Continuous Cardiac Monitoring in Patients With New-Onset Persistent
Left Bundle Branch Block Following Transcatheter Aortic Valve Replacement: The
MARE Study. JACC Cardiovasc Interv 2018;11:1495-505.

Auffret, Puri R, Urena M, et al. Conduction disturbances after transcatheter

aortic valve replacement: current status and future perspectives. Circulation
2017;136:1049-69.

Nuis R-J, Van Mieghem NM, Schultz CJ, et al. Timing and potential mechanisms of
new conduction abnormalities during the implantation of the medtronic CoreValve
system in patients with aortic stenosis. Eur Heart J 2011;32:2067-74.

Sinhal A, Altwegg L, Pasupati 5, et a/. Atrioventricular block after transcatheter
balloon expandable aortic valve implantation. JACC Cardiovasc Interv
2008;1:305-9.

Yanagawa B, Cruz ), Boisvert L, et al. A simple modification to lower incidence

of heart block with sutureless valve implantation. J Thorac Cardiovasc Surg
2016;152:630-2.

Gersak B, Glauber M, Bouchard D, et al. Oversizing increases pacemaker implantation
rate after sutureless minimally invasive aortic valve replacement. Innovations
2020;15:449-55.

Khounlaboud M, Flécher E, Fournet M, et al. Predictors and prognostic impact of new
left bundle branch block after surgical aortic valve replacement. Arch Cardiovasc Dis
2017;110:667-75.

Testa L, Latib A, De Marco F, et al. Clinical impact of persistent left bundle-branch
block after transcatheter aortic valve implantation with CoreValve revalving system.
Circulation 2013;127:1300-7.

Houthuizen P, Van Garsse LAFM, Poels TT, et al. Left bundle-branch block induced

by transcatheter aortic valve implantation increases risk of death. Circulation
2012;126:720-8.

Requeiro A, Abdul-Jawad Altisent O, Del Trigo M, et al. Impact of new-onset left
bundle branch block and periprocedural permanent pacemaker implantation on
clinical outcomes in patients undergoing transcatheter aortic valve replacement: a
systematic review and meta-analysis. Circ Cardiovasc interv 2016;9:003635.



RESULTADOS

RESUMEN GLOBAL DE LOS RESULTADOS

99



Terapias minimamente invasivas para la EAo

100



RESULTADOS

6. RESUMEN GLOBAL DE LOS RESULTADOS

Las diferentes publicaciones que conforman la presente tesis pretenden
dar respuesta al objetivo primario que es analizar los resultados de la
prétesis quirdrgica sin sutura Perceval en el tratamiento de los pacientes
con EAo grave y realizar un estudio comparativo con las prétesis TAVI
en pacientes con EAo y bajo riesgo quirdrgico, con la finalidad de
generar evidencia cientifica que permita mejorar la toma de decisiones

en el Heart Team.

El primer trabajo proporciona datos comparativos entre las protesis
adrticas transcatéter y las prétesis quirdrgicas sin sutura a 2 afios de
seguimiento sin objetivarse diferencias en mortalidad o ictus entre
ambos grupos emparejados. Sin embargo, los pacientes tratados con SU-
SAVR presentaron 5 veces mas riesgo de re-hospitalizacién por I1C

durante el seguimiento.

En el segundo trabajo, enfocado a conocer la incidencia de implante de
MCP tras SU-SAVR en pacientes de bajo riesgo y su implicacion
pronostica, se objetivd la necesidad de implantacion de MCP en 1 de

cada 10 pacientes tratados. La presencia de un bloqueo de rama derecha

101



Terapias minimamente invasivas para la EAo

(BRDHH) fue identificado como uno de los predictores de riesgo (con
un incremento hasta 3 veces) de implantacién de MCP tras SU-SAVR.
El implante de MCP tras SU-SAVR no tuvo un impacto clinico
significativo (mortalidad o re-hospitalizaciones por I1C) a los 3 afios de

seguimiento.

En el tercer trabajo se objetiva que el bloqueo de rama izquierda
persistente (NOP-LBBB) es una complicacion frecuente tras la
implantacion de valvulas quirdrgicas sin sutura, estando presente hasta
en un cuarto de pacientes en el momento del alta hospitalaria. En la
mayoria de los pacientes, el NOP-LBBB no retrogradé al afio de
seguimiento y éstos presentaron una tasa mayor de implante de MCP
comparado con el resto de poblacion a los 3 afios de seguimiento.
Asimismo, en los pacientes con NOP-LBBB se observé una FEVI
significativamente menor durante el seguimiento en comparacion con
los pacientes sin trastorno de conduccion, sin que esto conllevara un
aumento en la mortalidad o las re-hospitalizaciones por IC a los 3 afios

de seguimiento.
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A continuacion, para facilitar la descripcion de estos resultados, se
realiza un breve resumen de los mismos agrupando las diferentes lineas

de investigacion de la presente tesis doctoral.

6.1. Estudio 1: Resultados a medio plazo tras la
implantacion de valvulas quirudrgicas sin sutura y
valvulas transcatéter en pacientes con EAo de bajo
riesgo quirdrgico.

Un total de 806 pacientes consecutivos con EAo de bajo riesgo

quirurgico (mediana de EuroSCORE I1: 1,9%) se sometieron a SVAO:

325 fueron tratados con SU-SAVR y 481 fueron tratados con TAVI.

Los pacientes en el grupo TAVI eran mayores (edad media: 78,9+7,6
afios frente a 77,2+6,6afos; p=0,004), presentaban mas comorbilidades
y un mayor riesgo quirdrgico (EuroSCORE I1: 2,3% frente a 1,8% en el
grupo SU-SAVR; p<0,001) (Tabla 1 del Articulo 1). Con la finalidad
de poder obtener poblaciones comparables, se realizO un
emparejamiento por puntuacion de propension (propensity matching)
identificAndose 171 pares de pacientes que permitian una comparacion
adecuada (como se muestra en la Figura 6 del articulo 1, la diferencia

estandarizada absoluta fue<10% para la mayoria de las variables
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basales). Todas las variables se ajustaron y la mediana de EuroSCORE
Il fue similar en ambos grupos emparejados (SU-SAVR: 1,9 [rango

intercuartilico o IQR:1,3-2,5], TAVI:1,9 [1,3-2,5], p = 0,851).

En cuanto a las principales caracteristicas de procedimiento
(representadas en la Tabla 2 del Articulo 1), destaca un abordaje
mediante mini-esternotomia del 44% en el grupo Perceval y un abordaje
transfemoral del 77% en el grupo TAVI. El 57,9% de las vélvulas
transcatéter fueron balon-expandibles (BEV) y el 42,1% auto-
expandibles (SEV). Las valvulas mas frecuentemente implantadas
fueron de tamarios 23 (21-25) y 26 (23-29) mm para SU-SAVR y TAVI

respectivamente.

No se encontraron diferencias significativas entre los dos grupos en
cuanto a mortalidad (SU-SAVR: 4,1%, TAVR: 1,8%; p=0,199) o ictus
intrahospitalario (SU-SAVR: 2,3 %, TAVR: 2,9 %; p=0,736).
Complicaciones como sangrado y aparicion de fibrilacién auricular
(FA) de novo fueron superiores en la cohorte SU-SAVR (p<0,001 para
ambos), y el BRIHH de nueva aparicion y la necesidad de un MCP
permanente ocurrié mas frecuentemente en el grupo TAVI (p=0,046 y

p=0,011, respectivamente). Al alta, no hubo diferencias entre los grupos
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en la tasa de insuficiencia adrtica residual significativa (moderada-
grave) (SU-SAVR: 0,6%, TAVI: 1,1%, p=0,706), pero el grupo TAVI
presentd gradientes transvalvulares aorticos significativamente mas

bajos (11,4+5,7 vs 16,8+6,9 mm Hg, P<0,001).

Tras una mediana seguimiento de 2,2 (IQR: 1,0-3,0) afios, no se hallaron
diferencias entre grupos en cuanto a mortalidad por todas las causas
(HR: 0,97, 95% CI: 0,52-1,82, p= 0,936) y eventos cerebrovasculares
(HR: 0,83, 95% CI: 0,32-2,15, p=0,708), pero los pacientes del grupo
SU-SAVR presentaron mas re-hospitalizaciones por IC (HR: 5,38, 95%
Cl: 1,88-15,38, p=0,002). El requerimiento de MCP durante el
seguimiento fue mayor en el grupo TAVI (HR: 0,53, 95% CI: 0,32-0,89,

p=0,014) (Tablas 3y 4 del Articulo 1).
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6.2. Estudio 2: Predictores y valor pronoéstico del
implante de marcapasos tras el tratamiento con
valvulas sin sutura en pacientes con estenosis
aortica y bajo riesgo quirargico.

Los principales hallazgos del Articulo 2 se resumen en la Figura 8. Un

total de 36 pacientes (9%) sin MCP previo requirieron un nuevo

implante de MCP tras SU-SAVR. La implantacion de MCP se realizé a

una mediana de 7,5 (IQR: 4,5-10,5) dias tras la intervencién y las

principales indicaciones fueron: bloqueo auriculo-ventricular avanzado

0 completo en el 69,4% de los casos, blogueo auriculo-ventricular

transitorio con posterior BRIHH o BRDHH, en el 13,9% y 2,8% de los

casos, respectivamente, y bradicardia severa en el 13,9% de los casos.

No se objetivaron cambios significativos en la incidencia de

requerimiento de MCP entre la primera y la segunda mitad del periodo

de estudio (tasas del 10,2% y del 8,0% en el primer y segundo semestre

del periodo de estudio, respectivamente (p = 0,447).
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Figura 8. Principales resultados del Articulo 2.

Pacientes SU-SVAo de BAJO
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permanente no se asocié a un incremento del riesgo de muerte por
todas las causas o re-hospitalizaciones por insuficiencia cardiaca.

Los pacientes del grupo con necesidad de MCP tras SU-SAVR eran
mayores (edad media: 7914 frente a 776 afios; p=0,029) y presentaban
méas BRDHH previo (27,8 % vs 11,8%; p=0,007) en comparacion con

los pacientes del grupo no-MCP (Tabla 1y 2 del Articulo 2)

En el andlisis univariado, la edad (p=0,029) y el BRDHH previo
(p=0,007) se asociaron con un mayor riesgo de implantacion de MCP
tras la cirugia. En el andlisis multivariado, sélo el BRDHH basal se
mantuvo como predictor independiente de MCP tras la implantacion de
SU-SAVR (Odds Ratio: 2,60, 95% CI: 1,15-5,81, p=0,022] (Tabla 4

del Articulo 2).
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De los 36 pacientes con nuevo MCP tras SU-SAVR, un 44,4% presento
recuperacion de la conduccién auriculoventricular espontanea a los 3
afios de seguimiento y considerando Unicamente el grupo no MCP
(n=364), s6lo el 6,3% de los pacientes requirieron un implante de MCP
durante el seguimiento (todos ellos a partir del primer afio tras la

cirugia).

Tras una mediana de seguimiento de 3,4 (IQR: 2,3-4,5) afios, la
mortalidad por todas las causas fue del 36,1% en pacientes con nuevo
MCP vy del 22,0% en pacientes sin MCP (HR: 1,62, 95% CI: 0,90-2,92,
p=0,105). No hubo diferencias en cuanto a hospitalizaciones por IC
entre ambos grupos (MCP: 25,0% frente a no-MCP: 20,9%, HR: 1,08,
95% CI: 0,52-2,22, p=0,839) o0 en el resultado compuesto de muerte por
todas las causas y re-hospitalizacién por IC (HR: 1,35, 95% CI: 0,81-

2,24, p=0,252) (Tabla 5 del Articulo 2).
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6.3. Estudio 3: Blogueo de rama izquierda de nueva
aparicion tras substitucién valvular adrtica con
valvula quirurgica sin sutura.

La incidencia de un nuevo BRIHH en pacientes tratados con valvulas

sin sutura fue del 34,9% (n=115) y en 23,1% (n=76) de los casos éste

fue persistente (NOP-LBBB) en el momento del alta hospitalaria. No se
objetivo un efecto de curva de aprendizaje durante el periodo de estudio

(no hubo diferencias significativas entre las incidencias del primer y

segundo periodos, p=0,580).

Las caracteristicas basales y de procedimiento de los dos grupos de
estudio [NOP-LBBB (n=76) y No/BRIHH transitorio (n=253)] fueron
similares (Tabla 1 del Articulo 3). La edad media fue de 78+6 afios y
la mayoria de los pacientes tenian un perfil de bajo riesgo [Euro-SCORE

I1: mediana de 2,0% (IQR: 1,3%-3,7%)].

Del grupo de pacientes que presentaron un nuevo BRIHH tras SU-SAVR
(n=115), 13 pacientes requirieron un implante de MCP y 5 pacientes
fallecieron antes del alta hospitalaria. Considerando los pacientes con

NOP-LBBB vivos y sin MCP al alta (n=62), s6lo 10 (16,1%) presentaron
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resolucion parcial o completa del trastorno de conduccion durante el

seguimiento (Figura 1 del Articulo 3).

La ocurrencia de un NOP-LBBB tras SU-SAVR no tuvo implicaciones
prondsticas durante la hospitalizacion (Tabla 2 del Articulo 3), pero tras
una mediana de seguimiento de 3,3 afios (IQR: 2,3-4,4 afos), los
pacientes con un NOP-LBBB presentaron una incidencia de implante de
MCP superior al resto (14,5% vs 6,3%, p=0,016). No hubo diferencias en
cuanto a mortalidad o re-hospitalizaciones por IC. Sin embargo, los
pacientes con NOP-LBBB presentaron una disminucion de la FEVI
significativamente mayor a los pacientes No/BRIHH transitorio al afio de

seguimiento (delta: —5,7 vs +0,2, p<0,001).

6.4. Estudio 4: Tratamiento transcatéter de Ila
disfuncidn de las valvulas quirdrgicas sin sutura

El cuarto articulo, disponible en el apartado Anexos de la presente tesis

doctoral, es un estudio multicéntrico que tiene como objetivo evaluar las

causas, los mecanismos y el tiempo de disfuncion valvular de este tipo de

bioprétesis, asi como determinar los resultados de la terapia transcatéter

ViV, todavia desconocidos. Las caracteristicas basales de la poblacién de
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estudio (n=28) y los parametros ecocardiogréaficos se resumen en las

Tablas 3y 4, respectivamente.

Tabla 3. Caracteristicas basales de la poblacion de estudio del Articulo 4

Caracteristicas basales n=28
Edad, afios 792+4,1
Sexo femenino 22 (78,6)
IMC, kg/m2 29,8+4,9
Comorbilidades
Hipertension 27 (96,4)
Diabetes mellitus 11 (39,3)
EPOC 5(17.9)
Fibrilacion auricular 9(32,1)
Enfermedad coronaria 10 (35,7)
ICP previa 4 (14,3)
NYHA 3-4 22 (77,6)
FG, (mL/min/1.73m2) 51,9 +27,3
EuroSCORE II, % 9,3+6,9

Resultados expresados como media + desviacion estandar para variables
cuantitativas y n (%) para variables categoricas.

EuroSCORE: European System for Cardiac Operative Risk Evaluation;
EPOC: Enfermedad Pulmonar Obstructiva Crénica; ICP: Intervencion
coronaria percutanea; IMC: indice de masa corporal; FG: Filtrado Glomerular
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Tabla 4. Parametros ecocardiograficos basales de la poblacién de estudio del
Acrticulo 4.

Parametros ecocardiograficos

Gradiente aortico medio, mmHg 44,7 £ 20,3

Insuficiencia adrtica

Ligera 10 (35,7)

Moderada 10 (35,7)

Severa 4(14,3)
FEVI, % 58,3+12.2

FEVI: Fraccion de Eyeccion Ventriculo lzquierdo

La edad media fue de 7944 afios, el 78,6% eran mujeres y la mayoria de
los pacientes tenian un elevado riesgo quirurgico (media EuroSCORE II:
9,3+6,9%). El ViV-TAVI se realiz6 después de un tiempo medio de
4,2+1,7 afos desde el implante de Perceval y los pacientes presentaron
estenosis en el 42,9% de los casos, estenosis/regurgitacion combinada
(39,3%) o regurgitacion aislada (17,9%). La principal causa de disfuncion
valvular fue la degeneracion (n=19; 67,9%), seguida de la invaginacion del
stent (infolding, n=4; 14,3%), la embolizacion valvular parcial (n=3,

10,7%) y causa desconocida (n=1; 7,1%) (Figura 9, Tabla 5).
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Figura 9. Clasificacién de la poblacion de estudio por causa de disfuncion
de SU-SAVR y tipo de TAVI.

CAUSE MECHANISM

TREATMENT

———
| 1 L

-.::.T..g m:mm o) infolding  Unknewn
n=1(20.0%) n=3 (60.0%) n=1(20.0%) =3 (27.3%) n=1(9.1%)

Tabla 5. Caracteristicas del procedimiento y resultados intrahospitalarios de
la poblacion de estudio del Articulo 4.

Mecanismo de disfuncion valvular

Estenosis 12 (42,9)
Insuficiencia 5(17,9)
Combinado 11 (39,3)
Degeneracién 19 (67,9)
Stent infolding 4(14,3)
Embolizacién valvular parcial 3(10,7)
Desconocida 2(7,1)
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Tamafio protesis sin sutura

Perceval S 11 (39,2)

Perceval M 13 (46,4)

Perceval L 1(3,6)

Perceval XL 3 (10,7)
Tomografia Computarizada

Diametro interno, mm 19 (17,0-20,7)

Area, mm2 330 (303,0-356,4)

Perimetro, mm 65,5 (62,1-68,5)

Altura ostium coronario izquierdo, mm 13,3 (11,0-17,0)

Altura ostium coronario derecho, mm 15,7 (13,0-18,7)

Senos de Valsalva, mm 25 (24,4-26,0)
Acceso

Transfemoral 26 (92,9)

Transcarotideo 2(7,1)
Baldn-expandible (Sapien 3) 19 (67,9)

20 mm 1(53)

23 mm 14 (73,7)

26 mm 3(158)
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29 mm 1(5.3)
Auto-expandible 9(32,1)
Evolut PRO 5(17,9)
23 mm 2 (40,0)
26 mm 2 (40,0)
29 mm 1(20,0)
Acurate neo 4(14,3)
23 mm 4 (100,0)
Pre-dilatacién con balén 11 (39,3)
Post-dilatacion con balén 11 (39,3)
Sistema de proteccién cerebral 1(3,6)
Oclusion coronaria (parcial) 1(3,6)
Embolizacién valvular 0 (0)
Conversion a cirugia 0 (0)
Exito de procedimiento 27 (96,4)
Exito de dispositivo 24 (85,7)
Gradiente adrtico méaximo, mmHg 28,2 +10,7
Gradiente aortico medio, mmHg 15,0+6,2
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Fuga paravalvular

Leve 7(25,0)

Moderada 4(14,3)

Severa 0(0)
FEVI, % 59,9+10,9

Aspirina + Clopidogrel 9(32,1)
Un agente antiplaquetario 8 (28,5)
Anticoagulacion 10 (35,7)

Resultados expresados como media * desviacion estandar o mediana (IQR)
para variables cuantitativas y n (%) para variables categoricas.
FEVI: Fraccion de Eyeccion Ventriculo Izquierdo

En nuestra serie, de los 4 pacientes con invaginacion del stent, 3
presentaron estenosis e insuficiencia aortica combinadas y 1
insuficiencia adrtica grave (Figura 9). Las caracteristicas técnicas de
estos casos se representan en la Tabla 6. Cabe destacar que en dos de
ellos se intentd una valvuloplastia con balon para expandir el stent
invaginado; sin embargo, se observé un gradiente medio residual de >20

mmHg y un retorno instantaneo a la posicion de plegamiento de la
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valvula Perceval después de desinflar el balon, por lo que fue necesaria

la implantacion de una TAVI

Tabla 6. Caracteristicas de los pacientes con stent infolding

Tamaiio Pre- Post- Grad.
Caso Mecanismo TAVI FPV
Perceval dilatacion dilatacion medio
M Sapien 3,
1 Combinado Si No 10 Leve
(21-23) 20mm
M Sapien 3,
2 Combinado No No 9 No
(21-23) 23mm
S Evolut Pro,
3 Combinado Si Si 11 No
(19-21) 23mm
S Evolut Pro,
4 Insuficiencia No Si 5 Moderada
(19-21) 29mm

FPV, fuga paravalvular. Gradientes medios expresados en mmHg.

La mayoria de los procedimientos ViV-TAVI se realizaron a través de
un acceso transfemoral (92,9%) y las protesis transcatéter implantadas
fueron BEV en un 67,9% y SEV en un 32,1%. La pre-dilatacion con
balén de la véalvula Perceval se realizd en un 39,3% de los pacientes
(31,6% de BEV y 55,6% de SEV, p=0,212) y se requirio post-dilatacién
en el 39,3% (15,8% de BEV y 88,9% de SEV, p< 0,001). El éxito del
procedimiento segun los criterios VARC-3 (Valve Academic Research
Consortium-3)(31) se logro en el 96,4% (94,7% de BEV y 100% de

117



Terapias minimamente invasivas para la EAo

SEV, p=0,679). El éxito del dispositivo fue del 85,7% (79.0% en BEV
[4 pacientes presentaron gradientes medios > 20 mmHg antes del alta]

y 100% en el grupo SEV, p=0,189).

Durante la hospitalizacion, 2 pacientes requirieron un nuevo implante
de MCP (7,1%), 2 pacientes presentaron un ictus post-procedimiento
(7,1%) (uno de ellos incapacitante) y 1 presentd una oclusion coronaria
aguda parcial (3,6%). (Tabla 7). Todos ellos habian sido tratados con
BEV. En el paciente con oclusion coronaria parcial, los operadores
decidieron proteger el tronco comdn con una guia intracoronaria previa
implantacion de la TAVI debido a que el paciente presentaba unos senos
de Valsalva estrechos. Tras el implante de la vélvula, el paciente
permanecio clinicamente estable sin signos de isquemia, pero el
angiograma mostré un velo en contacto directo con el ostium coronario,
y ante el riesgo de obstruccion coronaria tardia, se decidié implantar un

stent.
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Tabla 7. Resultados intrahospitalarios de la poblacién del estudio 4.

Variable n=28

Muerte 0(0)
Infarto de miocardio 0 (0)
Ictus 2(7,1)
Nuevo marcapasos 2 (7,1)
Complicacién vascular mayor 0 (0)
Sangrado mayor / amenazante 0 (0)

Resultados expresados como n (%).

Los resultados hemodindmicos por ecocardiografia se muestran en la
Tabla 5. Tras el procedimiento, los gradientes valvulares pico y medio
fueron de 28,2+10,7 mmHg y 15,0+£6,2 mmHg, respectivamente (BEV:
16,4+6,1 mmHg, SEV: 12,1+5,6, p=0,082), y el 14,3% de los pacientes
presentaron insuficiencia adrtica moderada al alta (22,2% de los
pacientes tratados con SEV y 10,5% de los pacientes tratados con BEV,

p=0,428). Ningln paciente presentd insuficiencia adrtica severa.

Tras una mediana de seguimiento de 2 afios (IQR: 1-3 afios), 3 pacientes

fallecieron (10,7%; 1 de causa cardiovascular durante el re-ingreso por
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IC relacionada con una valvulopatia mitral grave) y 1 paciente sufrié un

ictus isquémico (3,6%) (Tabla 8).

Tabla 8. Resultados a largo plazo de la poblacién de estudio del Articulo 4.

Resultados clinicos n=28
Seguimiento mediano, afios 2 (1-3)
Muerte 3(10,7)
Muerte cardiovascular 1(3,6)
Muerte no cardiovascular 2(7,1)
Ictus 1(36)
Marcapasos 0 (0)
Trombosis valvular 0 (0)
Resultados ecocardiograficos n=25
Seguimiento mediano, afios 1,0 (0,4-1,9)
Gradiente aortico medio, mm Hg 13,7+ 5,2
Fuga paravalvular
Leve 5(17,9)
Moderada-Severa 2(7,1)
FEVI, % 60,7 + 8,6

Resultados expresados como media * desviacion estandar o mediana (IQR)
para variables cuantitativas y n (%) para variables categoricas.
FEVI: Fraccion de Eyeccion del Ventriculo Izquierdo.
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Los datos de seguimiento ecocardiografico (disponibles en 25 pacientes,
89,3 % de los pacientes en riesgo) mostraron valores de gradientes
medios mas bajos entre los receptores de SEV en comparacion con los
pacientes tratados con BEV (11 + 1,5 mmHg frente a 15,3 £ 1,2 mmHg,
p = 0,045) (Figura 10A). No hubo diferencias entre los grupos respecto
a FPV moderadas o graves (15,8% vs 11,1%, p=0,740). Aunque no se
alcanzo la significacion estadistica, la tasa de pacientes con un gradiente
residual medio >20mmHg fue numéricamente superior en el grupo BEV
(27,8 % frente a 0%; p=0,08). Al considerar el comportamiento
hemodindmico segln el tamafio del anillo, los gradientes medios
evaluados por ecocardiografia al alta fueron significativamente mayores
en pacientes con anillo pequefio en comparacién con los deméas tamafios
(16,7+1,3mmHg vs 10,8+1,8mmHg, p=0,020). En el dltimo
seguimiento, los gradientes medios también fueron mayores en
pacientes con anillo pequefio, aunque no se encontraron diferencias
estadisticamente significativas (14,9+1,2mmHg vs 10,7+1,7mmHg,
p=0,068) (Figura 10B). Entre los pacientes con anillo pequefio,
tampoco se encontraron diferencias ecocardiograficas al considerar el
tipo de TAVI implantada (17,8+1,7 mmHg en BEV vs 14,0+1,7 mmHg

en SEV, p=0,318).
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Figura 10. Box-plots de la evolucion de los gradientes medios valvulares
durante el seguimiento tras ViV-TAVI.
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RESUMEN GLOBAL DE LA DISCUSION DE LOS

RESULTADOS OBTENIDOS
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7. RESUMEN GLOBAL DE LA DISCUSION DE LOS

RESULTADOS OBTENIDOS

La estenosis adrtica se ha convertido en un problema de salud global
debido al envejecimiento de la poblacion. En la actualidad, el Unico
tratamiento que mejora el prondstico de estos pacientes es la

substitucidn valvular adrtica, ya sea quirurgica o percutanea.

Tras los buenos resultados de la TAVI en los estudios aleatorizados
recientes frente a la SVAo (PARTNER 3) (14) y a la espera de dilucidar
cuestiones como la durabilidad de las valvulas percutaneas, las
indicaciones de TAVI se han expandido hacia los pacientes de riesgo
quirargico intermedio (6). Para la mayoria de los pacientes de bajo
riesgo, la cirugia cardiaca continda siendo el tratamiento de referencia,
pero en la practica clinica habitual encontramos pacientes con
puntuaciones de bajo riesgo en las escalas de riesgo quirdrgico en los
que el equipo multidisciplinar (Heart Team) indica el tratamiento

percutaneo.

La mayor incidencia de trastornos de conduccion con respecto a la

SVAO puede ser uno de los factores limitantes de la expansion de las
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indicaciones de la TAVI. Por ejemplo, la aparicion de un BRIHH de
novo tras la implantacion de una TAVI podria exponer a estos pacientes
a un incremento de la mortalidad cardiovascular y el implante de un
MCP puede asociarse a mayor riesgo de hospitalizaciones por

insuficiencia cardiaca.

Con el objetivo de facilitar una cirugia menos invasiva, las protesis
quirdrgicas sin sutura han surgido como una alternativa a las protesis
convencionales. Estas combinan principios quirdrgicos con una técnica
de implantacién facil debido a un disefio protésico similar al de las
valvulas transcatéter. Sin embargo, estas prétesis no estan representadas
en los estudios aleatorizados que comparan SVAoy TAVI y la aparicién
de trastornos de conduccidon tras su implantacion no esta bien
establecida por lo que el papel de las protesis sin sutura es todavia

incierto, sobre todo para pacientes de bajo riesgo quirargico (20).
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7.1. Resultados comparativos a medio plazo entre SU-
SAVR y TAVI en pacientes de bajo riesgo
quirdrgico

Los principales hallazgos del primer estudio se resumen de la siguiente

manera: 1) las tasas de mortalidad y accidente cerebrovascular a los 2

afios de seguimiento fueron comparables entre SU-SAVR y TAVI, 2)

los pacientes a los que se les implantd una valvula Perceval presentaron

5 veces mas re-hospitalizaciones por IC que los pacientes del grupo

TAVI; y 3) el requerimiento de MCP fue mayor en el grupo TAVI.

En cuanto a los resultados intra-hospitalarios, existe una serie de
pacientes del registro GARY que también compara resultados a corto
plazo de pacientes que fueron sometidos a TAVI vs SU-SAVR (25). Sin
embargo, este estudio incluy6 diferentes tipos de protesis sin sutura
(59.4% Perceval), los pacientes presentaban un perfil de alto riesgo y las
caracteristicas entre ambos grupos de tratamiento no se igualaron
completamente en la cohorte emparejada. En concordancia con nuestro
estudio, Abdel-Wahab et al describen tasas de sangrados mayores y
fibrilacion auricular mas altas en los pacientes SU-SAVR vy tasas de
implantacion de MCP superiores en el grupo TAVI. Ademas, describen

una tasa de mortalidad intra-hospitalaria méas elevada en los pacientes
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SU-SAVR en comparacién con los pacientes TAVI. En nuestro estudio
con pacientes de bajo riesgo, aunque la mortalidad observada fue
numéricamente superior en el grupo SU-SAVR, las diferencias no
alcanzaron la significacion estadistica. Es necesaria la realizacion de
estudios con una mayor muestra de pacientes para poder extraer
conclusiones en cuanto a la mortalidad. Ademas, a pesar de que la tasa
de implantacién de MCP fue superior en el grupo TAVI, las bioproétesis
sin sutura presentan un riesgo post-operatorio mayor de MCP que las
valvulas convencionales (9,9% versus 2,9%) (32) debido a una técnica
de implantacion més similar a la TAVI que a la cirugia. La realizacion
de estudios con inclusion de pacientes portadores de protesis
percutaneas de nueva generacion en los que se empleen nuevas técnicas
de implantacion que permiten un mejor posicionamiento (con menor
interaccion con el tracto de salida ventricular) de la protesis, asi como la
aplicacion de unos algoritmos de manejo de los trastornos de
conduccion mas uniformes, probablemente permitira reducir la tasa de
implantacién de marcapasos en el grupo TAVI (33-35). De forma
similar al estudio previamente citado(25), en el Estudio 1 de la presente
tesis se objetivaron gradientes medios al alta significativamente mas

bajos en el grupo TAVI que en el grupo SU-SAVR (11,4+5,7 vs
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16,8+6,9 , p<0,001), siendo la tasa de FPV similar entre ambos grupos.
Esto se puede explicar por condiciones post-operatorias como la anemia
y la inflamacion (maés frecuentes tras SU-SAVR) ademas de la posible
contribucion de las diferencias en las mediciones valvulares o sizing
entre ambos grupos (mayor sobredimensionamiento o oversizing en el
grupo TAVI) y el uso de una proporcion no despreciable de proétesis

transcatéter supravalvulares.

En relacion a los resultados a largo plazo, la evidencia existente hasta la
fecha se limita a estudios observacionales con muestras de pacientes
pequefias. Munereto et al describe mejores resultados clinicos a largo
plazo en pacientes con valvulas sin sutura en comparacion con TAVI
(36). Varias razones pueden explicar las diferencias con el Estudio 1. En
primer lugar, los pacientes incluidos en este andlisis tenian un perfil de
riesgo intermedio (EuroSCORE, 4%-8%) y, en segundo lugar, la gran
proporcidn de procedimientos transapicales (casi el 30% de la poblacion
TAVI), que podria haber afectado negativamente los resultados en el
grupo TAVI (9), mientras que en el Estudio 1 se incluyeron solamente
procedimientos a través de accesos transvasculares. Finalmente, el

estudio no incluyé valvulas transcatéter de ultima generacion, y la tasa
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de fugas significativas en el grupo TAVI fue muy alto, lo cual pudo

haber impactado negativamente en los resultados de TAVI (37).

Los resultados del Estudio 1 van en la misma direccion a los del estudio
aleatorizado PARTNER 3 (14), que reporta los resultados a 2 afios de
seguimiento tras TAVI y SVAo0 en pacientes de bajo riesgo quirurgico.
Los objetivos principales de este estudio (muerte, ictus y re-
hospitalizacién) resultaron favorables al grupo TAVI respecto a la
cirugia (11,5% frente a 17,4%, p=0,007). De forma similar al Estudio 1,
la diferencia en el objetivo compuesto fue debida principalmente a las
re-hospitalizaciones (8,5% vs 12,5%, p=0,046), mayoritariamente por
IC. Los resultados del Estudio 1 mostraron que SU-SAVR fue
comparable a TAVI con respecto a las tasas de muerte por todas las
causas e ictus a los 3 afios de seguimiento. Esta observacién también fue
consistente con los resultados de otros estudios publicados con menos
pacientes (tasas de ictus de 0-5% en SU-SAVR vs 2,5-5% para TAVI)
(16,36,38,39). No existen datos sobre predictores de ictus en pacientes
SU-SAVR. Asimismo, los resultados del Estudio 1 sugieren que el ictus
post-procedimiento podria estar mas relacionado con factores como las

comorbilidades del paciente que con el tipo de procedimiento. Cabe
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destacar que los pacientes SU-SAVR no presentaron mas ictus a pesar

de la mayor tasa de FA.

Estudios previos han reportado tasas de reingresos por IC tras la TAVI
que oscilan entre el 25% y el 52% (40,41), pero no existen datos a largo
plazo sobre hospitalizaciones por IC tras SU-SAVR. En el Estudio 1, el
grupo SU-SAVR present0 hasta 5 veces mas riesgo de reingreso por IC
en comparacion con el grupo TAVI a los 3 afios de seguimiento. Este
hallazgo se podria explicar parcialmente por la mayor incidencia de FA
de nueva aparicion en el grupo SU-SAVR, siendo eésta un
desencadenante habitual de reingresos por IC. Ademas, es conocido que
factores relacionados con el procedimiento quirdrgico, como son los
eventos hemorragicos o la anemia, podrian aumentar el riesgo de

reingresos por IC (42).

En cuanto a las FPV, los hallazgos del Estudio 1 también estan en linea
con los resultados de PARTNER 3, en el que no se encontraron
diferencias significativas en cuanto a fugas moderadas o severas al alta
entre ambos grupos de tratamiento. Ademas, no se objetivaron cambios
en las tasas de degeneracion valvular o FPV a lo largo del seguimiento

del estudio, lo que sugiere ausencia de causalidad entre los datos
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ecocardiograficos y las diferencias en reingresos por IC. Para concluir,
son necesarios mas estudios para para evaluar de forma més extensa si
la elevacion de gradientes transvalvulares tras la implantacion de una

valvula sin sutura podria tener un impacto en los reingresos por IC.

7.2. Trastornos de conduccion e implante de
marcapasos tras SU-SAVR
7.2.1. Implantacion de marcapasos tras SU-SAVR en pacientes de

bajo riesgo quirdrgico

El Estudio 2 de la presente tesis doctoral aporta informacion sobre la
necesidad de implantacion de MCP tras SU-SAVR en pacientes de bajo

riesgo quirdrgico y sus repercusiones clinicas a largo plazo.

Los hallazgos principales del estudio se pueden resumir de la siguiente
manera: 1) Aproximadamente 1 de cada 10 pacientes sometidos a SU-
SAVR con la protesis Perceval requirié la implantacion de MCP
después del procedimiento, 2) la presencia de bloqueo de rama derecha
previo a la cirugia determind un mayor riesgo (casi tres veces) de

requerir un MCP, y 3) tras una mediana de seguimiento de 3 afios no se
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encontraron diferencias en tasas de mortalidad y hospitalizacion por IC

entre los grupos MCP y no-MCP.

A diferencia de la cirugia con valvula aortica convencional, donde la
necesidad de MCP puede ser debida a la presencia de suturas cerca del
sistema de conduccion, en el caso de SU-SAVR son la fuerza radial del
stent auto-expandible durante la implantacién de la valvulay la posterior
post-dilatacion los responsables de la aparicion de nuevos trastornos de

conduccién; como también ocurre en la TAVI.

Las series quirurgicas contemporaneas describen tasas de MCP del 2,7%
en la cirugia valvular convencional (43), mientras que el registro mas
extenso publicado de valvulas sin sutura (incluyendo otras valvulas de
rapido implante ademas de Perceval), describen tasas de hasta el 10,4%,
disminuyendo a lo largo del tiempo del registro hasta tasas del 5,4%
(44), lo que sugiere un efecto de curva de aprendizaje. En el Estudio 2
de la presente tesis también se objetivé una disminucion de los implantes
de MCP desde 2016, paralela al incremento de implantes anuales de SU-
SAVR, pero la muestra de pacientes fue insuficiente para obtener
diferencias estadisticamente significativas. EXxisten registros que

reportan los cambios electrocardiograficos en pacientes con protesis sin
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sutura. Sin embargo, se tratan de registros en pacientes de riesgo
quirudrgico intermedio y sin reportarse datos a largo plazo (30). Similar
a Verlinden et al, la incidencia de MCP en el Estudio 2 fue del 9,5%,
siendo ésta ligeramente superior a la reportada en un meta-analisis

reciente que incluye pacientes muy heterogéneos (45).

La técnica de implantacion de la protesis sin sutura es mas similar a la
TAVI que a la cirugia convencional, exceptuando la vision directa y la
posibilidad de escision de la valvula nativa y decalcificacion del anillo.
Estos factores se deberian traducir en un posicionamiento méas preciso
de la prétesis Perceval en comparacién ala TAVI. Sin embargo, las tasas
de MCP tras SU-SAVR siguen siendo demasiado altas para el
tratamiento de pacientes de bajo riesgo quirirgico y es necesario
conocer factores predictores del riesgo de desarrollar trastornos de

conduccion tras la cirugia.

De forma similar a los resultados del Estudio 2 y a los obtenidos con
TAVI (46-48), otros estudios con SU-SAVR identificaron el bloqueo
de rama derecha como un predictor de requerimiento de MCP

(28,30,49,50).
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Ademas, algunos estudios sugieren ciertos factores anatbmicos como
son la longitud del tabigue membranoso y el volumen de calcificacién
de la zona de implantacion como posibles predictores de la necesidad de
MCP. Ambos factores pueden ser analizados por tomografia
computarizada (TC) (51,52), pero dado que la seleccién del tamafio de
la valvula Perceval se realiza con un medidor especifico durante el
mismo procedimiento y el TC no se realiza de forma rutinaria como
prueba previa al procedimiento, los datos disponibles sobre predictores
anatomicos de trastornos de la conduccion son muy limitados. Sin
embargo, Gersak et al. (53)y Lorusso et al. (27) reportan que el
sobredimensionamiento de la valvula (determinado por el tamafio de la
valvula implantada indexado al area de superficie corporal) fue un factor
de riesgo asociado a MCP tras SU-SAVR. Aunque la obtencién de datos
anatomicos constituye una limitacion del Estudio 2, el indice tamafio de
la prétesis/area de superficie corporal no fue estadisticamente diferente
en el grupo MCP en comparacién con el grupo no-PPM (13,8 frente a

13,6, p= 0,229).

La aplicacion de nuevas técnicas de implante de las valvulas transcatéter
y la implementacion de algoritmos de manejo de los trastornos de

conduccion ha resultado en una mejoria de las tasas de implante de MCP
135



Terapias minimamente invasivas para la EAo

en el campo de la TAVI (33,34). Del mismo modo, Fischlein et al.(54)
propusieron en 2016 modificaciones técnicas para el procedimiento de
implante de la valvula Perceval que fueron validadas en 2019 por Vogt
et al. (55), quien demostré que modificando la descalcificacion del
anillo, colocando las suturas en una posicion mas alta y reduciendo la
presion del balon de post-dilatacion se conseguia disminuir la ocurrencia
de trastornos de conduccion después del procedimiento. De forma
similar al Estudio 2 (44%), se objetivd que una alta proporcion de
pacientes no eran dependientes de MCP durante el seguimiento.
Ademaés, se han realizado mejorias de disefio como la reduccion de la
altura de la falda (modelo Perceval Plus) con el objetivo de reducir la

tasa de MCP (56).

No existen datos a largo plazo sobre pacientes con implante de MCP tras
SU-SAVR, pero algunos estudios sobre TAVI y cirugia convencional
sugieren un incremento en la mortalidad a 1 afio y re-hospitalizacion por
IC en aquellos pacientes que requieren implantacion de un MCP tras la
intervencion (57,58). En el Estudio 2, aunque la mortalidad fue
numéricamente superior en el grupo MCP, no se encontraron diferencias

estadisticamente significativas entre ambos grupos a los 3 afios de
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seguimiento. En cuanto a ingresos por IC, se objetivd una incidencia

similar entre ambos grupos.

A pesar de que son necesarios mas estudios con mayor namero de
pacientes y mayor seguimiento para poder obtener conclusiones solidas,
los resultados del Estudio 2 refuerzan una estrategia de monitorizacion
prolongada con el objetivo de promover una estimulacion mas
fisiologica manteniendo la conduccion auriculoventricular espontanea

en estos pacientes de bajo riesgo.

7.2.2. Bloqueo de rama izquierda de nueva aparicion tras SU-SAVR

Los principales hallazgos del Estudio 3 de la tesis se pueden resumir de
la siguiente manera: 1) Alrededor de un tercio de los pacientes con EAo
grave y sin alteraciones de la conduccién que fueron tratados con SU-
SAVR desarrollé un BRIHH de nueva aparicion tras el procedimiento.
Estos cambios en el ECG fueron persistentes (NOP-LBBB) en alrededor
de dos tercios de los casos (una cuarta parte del total de pacientes), 2)
no se encontraron factores basales ni de procedimiento asociados a la

aparicion de BRIHH tras SU-SAVR, 3) los pacientes con NOP-LBBB
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tras SU-SAVR presentaron un riesgo tres veces mayor de MCP a los 3
afios de seguimiento, sin encontrarse una asociaciéon entre NOP-LBBB
y mortalidad o hospitalizaciones por IC; y 4) EI NOP-LBBB se asocid

con una disminucion de la FEVI al cabo de 1 afio de seguimiento.

Las alteraciones de la conduccidn, y en particular el BRIHH, son una
complicacién frecuente de la SVAo y la TAVI debido a la elevada
prevalencia de enfermedad del tejido de conduccion en pacientes con
estenosis adrtica y a la proximidad de la vélvula adrtica al sistema de
conduccion (47,59). La incidencia de nuevo BRIHH tras cirugia
convencional reportada en los estudios varia ampliamente (desde el 6%
hasta el 32%) (26), siendo mayor en cirugias combinadas (reemplazo

valvular y revascularizacion coronaria).

A pesar de las evidentes diferencias entre los distintos tipos de
procedimiento, se han reportado incidencias mucho mayores de BRIHH
tras SU-SAVR o TAVI que con SVAO0 con bioprotesis convencionales
(39% y 15-20% respectivamente) (26,60-62). Los datos publicados
sobre los cambios electrocardiograficos durante el seguimiento tras la
aparicion de un NOP-LBBB tras SU-SAVR son muy escasos. En la serie

analizada en el Estudio 3, con pacientes sin ningun tipo de trastorno de
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conduccidn basal, la incidencia de NOP-LBBB fue similar a la de otros
estudios (23-39%) (26,60), y hasta en el 84% de los casos este trastorno
permanecio durante el seguimiento, siendo esta cifra méas alta que la
reportada en los estudios de pacientes TAVI (~70%)(63,64). Estudios
previos con TAVI han planteado la hipotesis de que la aparicion de un
NOP-LBBB esta parcialmente determinada por factores que causan
dafios mecénicos mas permanentes del sistema de conduccion izquierdo
(como una implantacion valvular méas profunda en el tracto de salida del
ventriculo izquierdo) (65). La etiologia de las alteraciones del sistema
de conduccion tras SVAo puede incluir el traumatismo quirdrgico
directo, la compresion mecanica, la hemorragia o la isquemia; mientras
que los posibles mecanismos durante la implantaciéon de TAVI
incluirian la movilizacion de calcio con la guia, la pre-dilatacién con
balon, o la compresion del haz de His por la estructura del stent de la
vélvula (66-68). Los hallazgos del Estudio 3, donde hasta en dos tercios
de los pacientes un nuevo BRIHH persistio al alta, junto con la escasa
recuperacion del BRIHH durante el seguimiento; sugiere una lesion mas
agresiva de la valvula Perceval en comparacion con los dispositivos

TAVI. Esto se podria explicar por el hecho de que la valvula Perceval
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combina ambos mecanismos de dafio del haz de His, el de la TAVI y el

de la SVAO0 convencional.

El estudio 3 de la tesis, a diferencia de algunos estudios disponibles
sobre aparicion de BRIHH de novo en pacientes tras SVAo o TAVI, esta
focalizado en una cohorte de pacientes con EAo aislada y sin ningln
tipo de trastornos de conduccién previa. En el analisis multivariado no
se encontraron predictores de NOP-LBBB, debido probablemente a la
ausencia de alteraciones de la conduccion previas que predispongan a la
aparicion de un BRIHH tras la cirugia. Este hecho realza la importancia
de los aspectos anatémicos y de procedimiento como factores asociados

a la apariciéon de BRIHH.

En relacion a los hallazgos ecocardiograficos durante el seguimiento, en
los pacientes con NOP-LBBB tras SU-SAVR se objetivd una ligera
depresién de la FEVI, que contrasta con la mejoria de la FEVI observada
en aquellos pacientes que no presentaron BRIHH o éste fue transitorio
(p<0,001). Estas diferencias son debidas a la disincronia interventricular
causada por el BRIHH, que ocasiona una sistole menos efectiva ademas
de disfuncion diastolica. Este efecto deletéreo se también se ha

documentado en pacientes post-TAVI (69).

140



DISCUSION

De forma similar a los hallazgos a largo plazo reportados en pacientes
TAVI, la aparicion de un BRIHH tras SU-SAVR no se tradujo en una
repercusion clinica a 3 afios de seguimiento en cuanto a mortalidad por
todas las causas, mortalidad cardiovascular, muerte subita o re-
hospitalizaciones. Sin embargo, un BRIHH de novo se asoci6 a un riesgo
3 veces superior de requerir un implante de MCP. El Estudio 3 mostr6
una incidencia de BRIHH tras SU-SAVR comparable a la reportada en
TAVI, pero superior a la cirugia convencional. La elevada tasa de MCP
con un potencial deterioro de la FEVI debe ser considerada por el Heart

Team en la toma de decisiones.

7.3. Tratamiento transcatéter (valve-in-valve) de la
disfuncidn de las protesis sin sutura

La durabilidad de las prétesis quirargicas convencionales ha sido
ampliamente estudiada pero la de las prétesis sin sutura es todavia
incierta (70). La incidencia de deterioro de la valvula sin sutura al afio
parece ser de alrededor un 0,4%, pero la tasa de deterioro a largo plazo
aln no esta bien establecida debido al pequefio tamafio de la muestra en

los estudios disponibles y a su limitado seguimiento ecocardiogréafico.
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Shrestha et al. evaluaron 731 pacientes con seguimiento
ecocardiografico menor de 2 afios, reportando gradientes medios bajos
(~9mmHg), un 1% de FPV significativas y un 1,5% de explantes
valvulares (71). El ensayo clinico Pilot, con una muestra de 30 pacientes
portadores de Perceval con evaluacion ecocardiografica mas alla de los
3 afos reportd resultados similares (72). Finalmente, s6lo existe un
registro en el que se examino la durabilidad de la valvula Perceval mas
alla de los 3 afios de seguimiento. Se evaluaron 120 pacientes mediante
ecocardiografia que mostraron pardmetros hemodinamicos favorables
(gradiente medio 11,3 mmHg, incidencia de deterioro estructural
moderado de la valvula y fallo de la valvula bioprotésica a 4 afios de

8,8% y 2,9%, respectivamente) (73).

El Estudio 4, disponible en el apartado Anexo de la presente tesis
doctoral, es un estudio multicéntrico que tiene como objetivo evaluar las
causas, los mecanismos y el tiempo de disfuncion valvular de este tipo
de bioprotesis, asi como determinar los resultados de la terapia

transcatéter valve-in-valve (ViV-TAVI), todavia desconocidos.

Los principales hallazgos del Estudio 4 se pueden resumir de la siguiente

manera: 1) la mayor parte de los pacientes con disfuncion de la valvula
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Perceval presentaron estenosis o doble lesion adrtica y, ademés de la
degeneracion valvular, el mecanismo de la disfuncién protésica fue la
invaginacion valvular y la embolizacion parcial en una cuarta parte de
los casos; 2) el ViV-TAVI ser realizd con éxito en la mayor parte de los
casos, tanto con dispositivos BEV como SEV; 3) A pesar de la ausencia
de mortalidad a 30 dias, la tasa de complicaciones periprocedimiento
(implante de MCP, ictus u obstruccion coronaria) fue relativamente alta;
4) en la mayoria de los pacientes se consiguieron gradientes medios
residuales <20mmHg, pero la tasa de FVP moderadas fue >10%, 5) tras
una mediana de seguimiento de 2 afios, los resultados clinicos fueron
positivos, con bajas tasas de mortalidad y re-hospitalizacion, y sin casos

de reintervencion valvular.

El tiempo de deterioro valvular del Estudio 4 (4 afios) parece ser mas
corto que el tiempo reportado en registros previos de ViV-TAVI que
incluyen valvulas quirdrgicas stented y stentless, con tiempo de
deterioro medio de 8 afios (74,75) y las causas de disfuncion de la
Perceval presentaron ciertas peculiaridades en comparacion con las

biopratesis convencionales.
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En relacion a los mecanismos potenciales de la degeneracion, se pueden
identificar tres diferencias principales entre las valvulas quirargicas con
y sin sutura: 1) a diferencia de la bioprotesis quirargica convencional, la
valvula Perceval es una protesis auto-expandible con velos de pericardio
bovino montados en un stent de nitinol que se monta manualmente en
un catéter de liberacion, por lo que se puede producir un traumatismo de
las valvas durante la preparacion de la valvula y afectar a su durabilidad;
2) a diferencia de la implantacion de valvula aortica estandar, suturada
a un anillo rigido, donde la implantacion del tamafio de prétesis mas
grande posible es una practica comln para conseguir una mejor
hemodinamica y  evitar el  mismatch  protésico; un
sobredimensionamiento excesivo de la valvula Perceval puede dar lugar
a gradientes postoperatorios mas elevados por deformacion valvular
(Figura 11) (53); 3) la descalcificacion del anillo es un aspecto crucial
durante el implante de la Perceval, que difiere ligeramente de la técnica
tradicional de SVAo. La calcificacion intraluminal protuberante y
excéntrica debe eliminarse para favorecer una expansion geométrica del
stenty evitar la FPV y/o el posicionamiento incorrecto de la valvula. Sin
embargo, no se recomienda una descalcificacion excesiva que pueda

crear de defectos anulares e impedir el uso de una valvula Perceval (17).
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Figura 11. Aspecto de la valvula sin sutura Perceval segln su tamario.

Correct sizing Oversizing

Aspecto de una valvula Perceval de tamafio correcto (izquierda) frente a una
valvula Perceval sobredimensionada (derecha), en diastole.

En Estudio 4 mostrd que tras la degeneracién valvular, que es la causa
mas frecuente de degeneracion en la mayoria de protesis (7,76), la
segunda causa mas frecuente de disfuncion protésica fue la invaginacion
de la valvula o stent infolding (Figura 12). Tal y como se ha descrito
para algunas valvulas SEV (77), la estructura de nitinol de la valvula
Perceval es susceptible de sufrir deformacion mecanica, dando lugar a
una mala expansion protésica que puede causar tanto gradientes

elevados por deformacion de los velos como FPV (78).
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Figura 12. Invaginacién del stent de una valvula sin sutura.

Imagenes de tomografia computarizada y reconstruccion de una valvula
Perceval con stent infolding (flechas rojas).

De acuerdo con Baert et al (79), la causa del fallo de la valvula en estos
casos podria estar relacionada con un sobredimensionamiento mas que
con un posicionamiento inadecuado de la prétesis (donde la valvula esta
correctamente desplegada pero el anillo inferior de la prétesis (inflow
ring) esta mal colocado por debajo o por encima del anillo nativo). En

los cuatro casos reportados de stent infolding en el Estudio 4, el inflow
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ring permanecio correctamente posicionado a nivel del anillo valvular
pero el stent se invagind provocando la pérdida de contacto entre la
protesis y la raiz aortica. Las pruebas experimentales in vitro realizadas
por el fabricante confirmaron que el sobredimensionamiento de la
protesis podria inducir una deformacion similar. Por lo tanto, se
recomienda seleccionar el tamafio mas pequefio cuando las medidas
anulares se encuentren dentro de las zonas grises, especialmente en

anillos pequefios.

Segun casos aislados publicados previamente(78,80,81), las opciones de
tratamiento de este tipo de deterioro valvular podrian ser: 1) la
reintervencion quirdrgica utilizando una valvula de menor tamafio, 2)
un procedimiento ViV-TAVI, y 3) una valvuloplastia con balon. Sin
embargo, como se reporta en la literatura y en la experiencia aportada
en el Estudio 4, la dilatacion con balon aislada suele ser ineficaz, puesto
que persiste el problema subyacente (dispositivo sobredimensionado
para el anillo adrtico) y en todos los casos fue necesario del implante de

una protesis transcatéter (53).

Los resultados del Estudio 4, con tasas de éxito del procedimiento y del

dispositivo del 96,4% y el 85,7%, respectivamente, y sin mortalidad
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hospitalaria, respaldan la viabilidad y la seguridad de ViV-TAVI en la
disfuncion de la valvula Perceval. En el registro VIVID (75), donde se
analizaron los procedimientos ViV de protesis stented y stentless
degeneradas, el éxito del procedimiento fue del 93,1% y el éxito del
dispositivo fue relativamente bajo (58,9%) en comparacién con el
Estudio 4, principalmente debido al aumento de los gradientes post-

procedimiento (de grado moderado).

Con respecto a las complicaciones del procedimiento, los factores
asociados con la obstruccion coronaria tras ViV-TAVI estan bien
establecidos (82) y las series contemporaneas de ViV-TAVI describen
tasas menores de obstrucciéon coronaria(74,83). Hasta la fecha, no ha
sido reportada la oclusion de los ostia coronarios tras ViV-TAVI en

prétesis Perceval degeneradas.

Es interesante destacar que la vélvula Perceval y la valvula stentless
Freedom Solo™ SHV (Sorin Biomedica Cardio, Saluggia, Italia) se
componen de los mismos velos, siendo estos de gran longitud y
considerdndose los responsables de la mayor tasa de obstruccién de
ostia coronarios en ese tipo de proétesis (84). En el Estudio 4 se reporta

la primera oclusion ostial de ViV-TAVI en la valvula Perceval, aunque
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solo parcial. Una de las posibles explicaciones de la menor tasa de
obstruccidn coronaria en ViV-TAVI en la valvula Perceval podria ser la
combinacion de la realizacion de un alineamiento coronario, con el
disefio de los struts sinusoidales de estos dispositivos (que de alguna
manera protegen los ostia coronarios) y su disefio intraanular
(resultando en una mayor distancia entre los velos y los ostia durante la

apertura valvular).

La tasa de ictus intrahospitalario en nuestra serie fue del 7,1%, superior
a la reportada en otros registros ViV (74,85). Si bien los pacientes
incluidos en nuestro estudio eran pacientes de edad avanzada y tenian
multiples comorbilidades (mayor riesgo en comparacion con la mayoria
de los estudios anteriores de ViV) (74,75), la tasa de accidente
cerebrovascular periprocedimiento es preocupante y son necesarios mas
estudios para confirmar estos hallazgos. Mientras tanto, en estos casos
probablemente se deba considerar el uso de dispositivos de proteccion

embolica (utilizados anicamente en un paciente del estudio).

Ademas, 2 pacientes (7,1%) requirieron un nuevo MCP durante el
periodo de hospitalizacion, porcentaje relativamente mas alto que en la

serie ViV-TAVI contemporanea que utiliza valvulas transcatéter de
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nueva generacion en pacientes con valvulas quirdrgicas convencionales
(86). Cabe destacar que los 2 pacientes que requirieron implante de MCP
tenian valvulas Perceval degeneradas de pequefio tamafio que fueron

tratadas con protesis transcatéter BEV (Edwards Sapien 3).

En cuanto a los resultados hemodinédmicos tras ViV-TAVI, en el registro
VIVID se describe una tasa de regurgitacién adrtica al menos moderada
en el 5,4% de los casos, sobre todo en pacientes tratados con SEV (8,9%
vs 2,4%, p=0,002) (87). No obstante, se debe recalcar que las protesis
sin sutura no fueron representadas en el registro VIVID. La tasa de FPV
del Estudio 4 fue mucho mas alta que la reportada en estudios previos
de ViV-TAVI (87), posiblemente debido a una medida inapropiada del
anillo, malposicionamiento o decalcificacion insuficiente del anillo, lo

cual es esencial para asegurar un sellado correcto en este tipo de protesis.

Las pratesis sin sutura se han utilizado frecuentemente en pacientes con
anillo pequefio debido a la ausencia de un soporte valvular, lo que
permite aumentar el area efectiva de la protesis (15). Considerando las
medidas de didmetro interno de las protesis del Estudio 4, con una
mediana de 19mm (IQR:17,0-20,7) y el hecho de que el 89,3% de las

valvulas Perceval fueron S, M o L (diametros internos de 17,5 a 23mm),
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podemos asumir que se trata de una poblacién de pacientes con anillo
pequefio. En concordancia con los resultados del estudio LYTEN
(Balloon Versus Self-Expanding Valve Systems for Treating Small
Failed Surgical Aortic Bioprostheses), el primer estudio aleatorizado en
el campo de ViV-TAVI que incluye pacientes con proétesis
disfuncionantes de pequefio tamafio (<23mm; diametro interno
<21mm), los pacientes del Estudio 4 tratados con SEV presentaron
menores gradientes por ecocardiografia (16,7+1,3mmHg vs
10,8+1,8mmHg, p=0,02) en comparacién con las valvulas sin sutura

tratadas con BEV (Figura 10B)

En resumen, ViV-TAVI en Perceval se asocié a una tasa ligeramente
superior de complicaciones peri-procedimiento (obstruccion coronaria,
ictus, MCP) y una tasa mayor de FVVP en comparacion con otras protesis.
Estas observaciones requieren de una confirmacion con una cohorte mas

grande de pacientes.
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8. CONCLUSIONES

Tras analizar los resultados de esta tesis doctoral se puede concluir que:

1)

2)

3)

No se encontraron diferencias en mortalidad o ictus a 2 afios de
seguimiento entre pacientes tratados con protesis transcatéter y
pacientes tratados con proétesis Perceval. Sin embargo, los
pacientes tratados con SU-SAVR presentaron un riesgo 5 veces

mayor de hospitalizacion por IC.

El requerimiento de un MCP tras la implantacion de valvula
Perceval en pacientes de bajo riesgo quirargico fue del 9%. La
presencia de un BRDHH previo se identifico como un predictor
de riesgo (con un incremento hasta 3 veces) de implantacion de
MCP tras sutureless. El implante de un nuevo MCP tras SU-
SAVR no tuvo un impacto clinico significativo (mortalidad,

hospitalizacién por IC) a los 3 afios de seguimiento.

Laaparicion de un NOP-LBBB es una complicacion frecuente tras
SU-SAVR (23.1%). EI NOP-LBBB persistio al afio de
seguimiento en la mayoria de los casos, se asocié con un

incremento del riesgo de implante de MCP y con una disminucion
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de la FEVI a los 3 afios de seguimiento; pero no tuvo efecto en la

mortalidad o en las hospitalizaciones por IC.
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9. LINEAS FUTURAS DE INVESTIGACION

Los resultados de los trabajos de investigacién de la presente tesis
doctoral complementan los resultados de estudios comparativos entre
TAVI y proétesis quirdrgicas, afiadiendo evidencia sobre los resultados
de las protesis sin sutura. Esta tesis puede ser una puerta a futuras lineas
de investigacion que sirvan para mejorar el conocimiento de los
resultados de las protesis sutureless y permitan una comparacion con
otras protesis, en particular, aquéllas que ofrecen una opcién de
tratamiento menos invasiva para los pacientes con estenosis aortica.

Algunas de estas lineas de investigacion podrian ser:

1) Laevaluacion del comportamiento hemodinamico a largo plazo

de las prétesis sin sutura 'y su relacion con los resultados clinicos.

2) Evaluar la posible implicacion de mecanismos inflamatorios
sobre el miocardio secundarios al acto quirdrgico, que permitan
explicar la elevada tasa de re-hospitalizaciones por IC en

comparacion a TAVI.

3) Determinar factores predictores anatdmicos o del procedimiento

que permitan mejorar la tasa de trastornos de conduccion y
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requerimiento de marcapasos tras la implantacion de protesis sin

sutura.

4) Establecer las indicaciones de implantacion de las valvulas sin
sutura mediante la realizacién de estudios en poblaciones
concretas (pacientes con anillo pequefio y requerimientos de
técnicas de ampliacion del anillo, pacientes de bajo riesgo

quirargico con valvula bicuspide...).
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11.1. Comentario editorial: TAVI, también en bajo
riesgo.

Vilalta V, Fernandez-Nofrerias E, Bayés-Genis A.
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COMENTARIO EDITORIAL

TAVI, también en bajo riesgo

Victoria Vilalta, MD-23, Eduard Fernindez-Nofrerias, MD'-2, Antoni Bayés-Genfs, MD, PuD123

lo largo de la dltima década hemos asistido a una

gran expansién del implante transcatéter de pro-

tesis valvular adrtica (TAVI). Desde las experien-
cias iniciales y los ensayos clinicos pivotales en TAVI, que
mostraron su beneficio en pacientes no operables y de
alto riesgo, hasta multiples ensayos aleatorizados que han
ido demostrando la equivalencia o superioridad de TAVI
sobre la substitucion valvular adrtica con bioprotesis qui-
rurgicas (SVAo), se ha evaluado la TAVI en todo el espec-
tro de riesgo quirtrgico (1-5). Los resultados positivos de
estos estudios, asf como las mejoras de los dispositivos,
simplificacién del procedimiento y perfeccionamiento de
la técnica han acelerado la TAVI hacia el tltimo escalén en
la escala de riesgo quirtrgico: el bajo riesgo (6,7). Un
aspecto fundamental que considerar para la extension de
la TAVI a pacientes jévenes con larga esperanza de vida es
la durabilidad de las prétesis transcatéter en compara-
cién con las bioprétesis quirtirgicas. El ensayo NOTION
(Nordic Aortic Valve Intervention), en el que se aleatori-
zaron 280 pacientes con bajo riesgo quirurgico a TAVI o
SVAo (puntuacién de la Society of Thoracic Surgeons Pre-
dicted Risk of Mortality [STS-PROM] de 3.0+1.7 %) es uno
de los primeros en proporcionar informacién compara-
tiva sobre durabilidad. Este estudio no mostré diferencias
en el objetivo principal combinado de mortalidad por
cualquier causa, ictus o infarto de miocardio; y mientras
el deterioro estructural de las prétesis quirurgicas fue
superior a las percutaneas, la disfuncién protésica (defi-
nida como muerte relacionada con el implante protésico,
reintervencién valvular o degeneracién valvular severa)
fue baja y comparable en ambos grupos de tratamiento a
los 6 afios (8). Sin embargo, alrededor del 80% de los
pacientes examinados para el estudio fue finalmente
excluido (a pesar de ser un estudio en all-comers), por lo
que la generalizacién de sus resultadoses limitada. Datos
de series mds extensas en poblacién de bajo riesgo y con
seguimiento a largo plazo son necesarias para reafirmar
los hallazgos (9,10). En ese contexto y para determinar la
viabilidad de la TAVI como una alternativa aceptable a
la cirugia en pacientes de bajo riesgo con estenosis adr-

ANEXOS

Victoria Vilalta

tica grave, se disefiaron dos grandes estudios aleatoriza-
dos: PARTNER 3 (Safety and Effectiveness of the SAPIEN 3
Transcatheter Heart Valve in Low Risk Patients With Aor-
tic Stenosis) y Evolut low-risk. Los esperados resultados
clinicos y ecocardiograficos a 2 afios del estudio PARTNER
3 han sido recientemente publicados (7). En el estudio
PARTNER 3 se aleatorizaron 950 pacientes (496 TAVI y
454 SVA0) con un STS-PROM score < 4% a TAVI transfem-
oral con valvula SAPIEN 3 o a cirugia (STS medio 1.9%,
edad media de 73 afios). El objetivo principal combinado
del estudio (muerte, ictus y re-hospitalizacién) fue favor-
able al grupo TAVI frente a la opcién quirtrgica (11.5% vs.
17.4%); hazard ratio: 0.63; 95%CI: 0.45 a 0.88; p= 0.007)
aunque este beneficio fue a expensas de un aumento de
re-hospitalizaciones por insuficiencia cardiaca en el
grupo quirurgico. Las diferencias en muerte e ictus, que
se objetivaron favorables a TAVI en el analisis original al
afio de seguimiento resultaron no significativas a los
2 afios (muerte: TAVI 2.4% vs. SVAo 3.2%; p= 0.47; ictus:
TAVI 2.4% vs. SVAo 3.6%; p= 0.28) (7).

La convergencia observada de las curvas del objetivo
primario entre el primer y el segundo afio no pudo ser
explicada por cambios estructurales de la prétesis como
pueden ser el deterioro valvular o fuga paravalvular mod-
erada/grave, ya que el analisis ecocardiografico no mostré
cambios en el gradiente medio (13.6+ 5.53 frente a
11.8+ 4.82 mmHg; p= 0.06), el drea valvular aértica
(1.7+ 0.37 frente a 1.7+ 0.42 cm2; p= 0.39) o en la regur-
gitacién paravalvular (0.5 vs 0%; p= ns) entre TAVI y
cirugia alos 2 afios (7). Estos hallazgos son especialmente
relevantes, ya que aportan evidencia sobre la durabilidad
temprana de las prétesis transcatéter en pacientes con
larga esperanza de vida, mostrando una hemodindmica
similar a la cirugia a los dos afios con tasas similares de
fuga paravalvular, considerado uno de los puntos débiles
de TAVI frente a la cirugfa. Estos resultados son probable-
mente consecuencia de las mejoras en el disefio de las
protesis percutaneas de ultima generacion, asi como de
una mayor experiencia en las técnicas de imagen que per-
miten una seleccién mas precisa de su tamafio.

IHospital Universitari Germans Trias i Pujol, Badalona. 2CIBER Enfermedades Cardiovasculares (CIBERCV), Madrid.
3Departamento de Medicina, Universitat Autdnoma de Barcelona, Barcelona, Espafia.
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Los resultados de los objetivos secundarios del estu-
dio se mantuvieron estables a lo largo de los 2 afios de
seguimiento: las re-intervenciones y endocarditis fueron
comparables en ambos grupos, la incidencia de fibri-
lacién auricular de nueva aparicién fue muy superior en
el grupo de cirugia (41.8% frente a 7.9%) y la incidencia
de bloqueo de rama izquierda de nueva aparicién fue in-
ferior (9.7% frente a 20.8%; ambos p< 0.001), sin com-
portar un aumento en el implante de marcapasos (7% vs
9.1%, p=0.21)(7).

Un hallazgo notable fue la tasa de trombosis valvular,
superior en el grupo TAVI a los 2 afios (2.6% frente a
0.7%; p= 0.02) (7). La mayor concienciacion ante este
fendmeno, su estudio mediante tomografia computariza-
da (TC) y la definicion utilizada de trombosis valvular (a
diferencia del recientemente publicado documento de
consenso VARC-3(11), el VARC 2(12) no distingufa entre
trombosis clinicamente significativas y meros hallazgos
en pruebas de imagen) suponen un sesgo desfavorable al
grupo TAVL. En concreto, solamente un paciente presenté
sintomas, siendo el aumento de gradientes la motivacién
principal de la realizacion del TC. Por otro lado, el au-
mento de fibrilacién auricular y el inicio de tratamiento
anticoagulante en el grupo quirtrgico podria haber influ-
ido en la disminucién de la trombosis en dicho grupo.

Trasladando las conclusiones del presente estudio ala
practica clinica diaria; la TAVI es el tratamiento de elec-
cién para la mayoria de los pacientes de >80 afios en los
que la cuestién de la durabilidad de las prétesis per-
cutdneas no es relevante. En contraposicién, la cirugia
sigue siendo la terapia mas aceptada para pacientes de

Terapias minimamente invasivas para la EAo

< 70 afios (dada la ausencia de evidencia de la durabili-
dad a largo plazo de la TAVI) y, ambas terapias pueden
ser excelentes opciones de tratamiento en pacientes de
edad intermedia en los que la toma de decisién de los
equipos multidisciplinares dependera de factores clinic-
os y anatémicos individuales, asi como de las preferen-
cias de los pacientes.

Este estudio aporta mayor evidencia para el trata-
miento de la estenosis adrtica en pacientes de bajo riesgo
y contribuye a un cambio de paradigma en el manejo de
esta patologia; mas enfocado en la edad y consideraciones
anatémicas que en el riesgo quirdrgico. Aun asi, persisten
algunas cuestiones sin resolver: (i) La edad minima de los
pacientes candidatos a TAVI como primera opcién, (ii) La
anatomia 6ptima para el tratamiento percutaneo de los
pacientes con larga esperanza de vida (pacientes con cal-
cificacién valvular muy importante, con enfermedad cor-
onaria concomitante, vélvula bictispide y dilatacién
adrtica, entre otros), (iii) el papel de las valvulas quirtrgi-
cas sin sutura en este grupo de pacientes, que permiten la
realizaciéon de una cirugia minimamente invasiva. Para
dilucidar estas cuestiones serd imprescindible esperar a
los resultados de seguimiento a 10 afios, asi como los re-
sultados de registros que permitan asegurar un adecuado
tratamiento de estos grupos de pacientes.

DIRECCION PARA LA CORRESPONDENCIA: Victoria
Vilalta del Olmo. Hospital Universitari Germans Trias i
Pujol, Carretera Canyet s/n, 08916, Badalona, Barcelona.
E-mail: victoria.vilalta@gmail.com
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LETTER TO THE EDITOR

ANEXOS

Letter by Mamdooh et al Regarding Article, “Midterm Outcomes Following Sutureless
and Transcatheter Aortic Valve Replacement in Low-Risk Patients With Aortic Stenosis”

Hazem Mamdooh, MD; Francesco Pollari®, MD, PhD; Theodor Fischlein®, MD

To the Editor:

After reading the recent article of Vilalta et al,' and
based on our prior experiences on this topic,?> we would
like to express some reflections. According to your results,
it is clear that the transcatheter aortic valve implantation
(TAVI) shows a higher incidence of permanent pacemaker
implantation; on the contrary, the surgical aortic valve
replacement with a sutureless prosthesis (Su-AVR) shows
higher rates of bleeding and new onset of atrial fibrilla-
tion in the early follow-up; while in the mid-term follow-up
shows higher rates of heart failure readmissions. We are
a little sceptic that these results can really support your
conclusions, namely that TAVI should be preferred against
Su-AVR in the majority of low-risk patients.

First, the reasons for the higher incidence of readmis-
sion because of heart failure are not known and cannot
automatically be ascribed to the intervention. Heart failure
could present with different forms (ie, preserved or not
preserved heart failure) and because of different causes.?
Were the study groups comparable in terms of mitral
insufficiency, right ventricular ejection fraction or diastolic
impairment, which are all possible causes for heart failure?

Second, it is not clear if the mean follow-up time was
comparable between the 2 groups. Indeed, your results
show that the number of patients at risk for every time
point in the 2 study groups are quite different (at first
follow-up year: 140 in Su-AVR compared with 92 in the
TAVI group; at the second year 123 in Su-AVR com-
pared with 49; and in the third year 87 compared with
13, respectively) as if the Su-AVR group had a longer
follow-up than the TAVI group. A longer follow-up could
also explain the higher incidence of events.

Finally, it is not explained in your study, why only the
56% of the patients with Su-AVR underwent a full sternot-
omy and not a minimally invasive approach, despite that all
included were isolated procedures. Recently, it is becoming
more evident that minimally invasive aortic valve surgery
(in comparison to full sternotomy) is associated with lower
incidence of postoperative complications.* This issue could

have had an impact on the higher rates of hospital read-
missions due to the higher complication rates of the full
sternotomy. On the other hand, we think that the conse-
quences of a higher rate of permanent pacemaker implan-
tation (as observed in TAVI group) in low-risk patients have
not been adequately commented, as this is associated with
a reduced survival at long-term follow-ups.®

We aimed to bring a constructive contribution to
stepwise understand the best option for a successfully
patient-tailored therapy.

ARTICLE INFORMATION

Affiliation

Cardiac Surgery, Klinikum Nirnberg—Paracelsus Medical University, Nuremberg,
Germany.

Disclosures
Drs Pollari and Fischlein are investigators for the PERSIST-AVR randomized trial.
The other author reports no conflicts.

REFERENCES

1. Vilalta V, Alperi A, Cediel G, Mohammadi S, Fernidndez-Nofrerias E,
Kalvrouziotis D, Delarochelliere R, Paradis JM, Gonzélez-Lopera
M, Fadeuilhe E, et al. Midterm outcomes following sutureless and
transcatheter aortic valve replacement in low-risk patients with aor-
tic stenosis. Circ Cardiovasc Interv. 2021;14:¢011120. doi: 10.1161/
CIRCINTERVENTIONS.121.011120

. Muneretto C, Solinas M, Folliguet T, Di Bartolomeo R, Repossini A,
Laborde F, Rambaldini M, Santarpino G, Di Bacco L, Fischlein T. Sutureless
versus transcatheter aortic valves in elderly patients with aortic stenosis
at intermediate risk: A multi-institutional study. J Thorac Cardiovasc Surg.
2022;163:925-935.e5. doi: 10.1016/jjtcvs.2020.04.179

. Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart failure. Nat Rev
Cardiol. 2016;13:368-378. doi: 10.1038/nrcardio.2016.25

4. Paparella D, Malvindi PG, Santarpino G, Moscarelli M, Guida P,

Fattouch K, Margari V, Martinelli L, Albertini A, Speziale G. Full ster-
notomy and minimal access approaches for surgical aortic valve replace-
ment: a multicentre propensity-matched study. Eur J Cardiothorac Surg.
2020;57:709-716. doi: 10.1093/ejcts/ezz286

5. Faroux L, Chen S, Muntané-Carol G, Regueiro A, Philippon F,

Sondergaard L, Jergensen TH, Lopez-Aguilera J, Kodali S, Leon M, et al.
Clinical impact of conduction disturbances in transcatheter aortic valve
replacement recipients: a systematic review and meta-analysis. Eur Heart
J. 2020;41:2771-2781. doi: 10.1093/eurheartj/ehz924

N

w

© 2022 American Heart Association, Inc.

Circulation: Cardiovascular Interventions is available at www.ahajournals.org/journal/circinterventions

Circ Cardiovasc Interv. 2022;15:¢011839. DOI: 10.1161/CIRCINTERVENTIONS.122.011839

March 2022 320

193



Terapias minimamente invasivas para la EAo

194



ANEXOS

11.2.2. Carta al editor 2

Response by Vilalta et al to Letter Regarding Article, ""Midterm
Outcomes Following Sutureless and Transcatheter Aortic Valve
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RESPONSE TO LETTERTOTHEEDITOR

Response by Vilalta et al to Letter Regarding Article, “Midterm Outcomes
Following Sutureless and Transcatheter Aortic Valve Replacement in Low-Risk

Patients With Aortic Stenosis”

Victoria Vilalta®, MD; German Cediel®, MD, PhD; Siamak Mohammadi®, MD; Antoni Bayés-Genis‘®, MD, PhD;

Josep Rodés-Cabau®®, MD, PhD

In Response:

We would like to thank Mamdooh et al' for their inter-
est in our recent article regarding the midterm outcomes
following transcatheter aortic valve versus sutureless-
surgical aortic valve replacement in low-risk patients.?

First, they pointed out the higher incidence of read-
mission for heart failure among sutureless-surgical
aortic valve replacement recipients. These data go in
the same direction as the results from the PARTNER
3 (Placement of Aortic Transcatheter Valves) low-risk
trial,? showing a lower rehospitalization rate in the trans-
catheter aortic valve replacement group (mainly for
heart failure) at 2-year follow-up (8.5% versus 12.5%
[hazard ratio, 0.67 (95% CI, 0.45-1.00); P=0.046]), with
no significant differences between groups in death and
stroke. In addition, valvular deterioration or moderate/
severe paravalvular leak were similar between groups,
suggesting that differences in heart failure readmission
were not explained by echocardiographic findings. As
addressed in the limitations section of our article,? the
limited echocardiographic data at follow-up precluded
drawing definitive conclusions on valve performance
and its relationship with heart failure. However, left
ventricular ejection fraction and mean gradients were
included in the propensity-maich analysis for suitable
group comparison.

Although minimally invasive techniques are facili-
tated by the design of sutureless valves, uncertainty on
its potential advantages and lack of randomized studies
led to a lower use of this approach. However, the use of
ministernotomy is progressively increasing due to recent
favorable data on postoperative outcomes.’ Hence, as it
is stated by Mamdooh et al, the fact that over half of
sutureless-surgical aortic valve replacement patients

included in our study underwent a full sternotomy may
have had a negative impact on readmissions.®

Second, as the authors commented, mean follow-up
time was significantly longer in the sutureless-surgical
aortic valve replacement group and presenting midterm
outcomes only as number of events would have been
inadequate. Thus, comparisons between groups were
performed using rates (expressed per 100 patient-years).

Finally, as we mentioned in the article, aortic stenosis
is an heterogenous condition, and careful assessment of
clinical, anatomic and procedural factors remains key in
the decision-making process to determine the best treat-
ment option.
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11.3. Material suplementario del Articulo 2

Disponible a través

https://academic.

del acceso web:

oup.com/ejcts/article-

abstract/62/2/ezac307/6593489redirectedFrom=fulltext#su

pplementary-data

11.3.1. Tabla suplementaria 1

Supplemental Table 1. Baseline and postoperative echocardiographic data of
New-PPM SU-SAVR Cohort.

New-PPM SU-SAVR Cohort (n=36)

Baseline Discharge 1-year 2-year
LVEF (%) 63.5+105  59.1+140 61.3+11.0 60.1+116
Mean gradient (mmHg) 52.7+135 17.6+6.9 147+52 | 119+4.0
TAPSE (mm) 188+20 152+25 178+28 183%26
PAPs (mmHg) 425+131 388%+7.9 403+£10.3 40.0+78

Results expressed as mean + SD or median (IQR) for quantitative variables.
LVEF, Left Ventricular Ejection Fraction; TAPSE, tricuspid annular plane
systolic excursion; PAPs, Systolic Pulmonary Arterial Pressure.
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11.3.2. Tabla suplementaria 2

Supplemental Table 2. Baseline and postoperative echocardiographic data of
low-risk SU-SAVR Cohort.

Low-risk SU-SAVR Cohort (n=400)

Baseline Discharge 1-year 2-year
LVEF (%) 624+115  61.1+13.0 629+100 63.2+9.9
Mean gradient (mmHg) 485+17.1 16.7+65 146+57 142+6.6
PAPs (mmHg) 405+11.7 394+91 404+95 41.3+10.2

Results expressed as mean + SD or median (IQR) for quantitative variables.
LVEF, Left Ventricular Ejection Fraction; PAPs, Systolic Pulmonary Arterial

Pressure.
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11.4. Material suplementario del Articulo 3

Disponible a través del acceso web:

https://heart.omj.com/content/early/2022/07/15/heartjnl-2022-321191

11.4.1. Figura suplementaria 1

Supplemental Figure 1. Flowchart of the study population.

STUDY POPULATION Aortic stenosis treated with SU-SAVR (2013-2019)
n=549 n=549

* Previous PPM, n=33
+ Complete LBBB, n=39

EXCLUDED PATIENTS * Complete RBBB, n=64
n=220 * Incomplete LBBB, n=31
* Incomplete RBBB, n=9
* IVCD, n=44
FINAL STUDY {
POPULATION Final population
Patients with no baseline n=329
ventricular conduction disturbances
or previous PPM
n=329

| |

New onset LBBB No New onset LBBB
n=115 (35%) n= 214 (65%)
Persistent
n=76 (23.1%)
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11.4.2. Figura suplementaria 2

Supplemental Figure 2. Changes in QRS Width following SU-SAVR.

150
140 p i T*
130
120~
110
100

QRS width (ms)

90 ~———@— Persistent LBBB

80 =@ Transient LBBB
——@— NoLBBB

70

I I T
Baseline Post-procedure Follow-up

Error bars indicate standard errors.
*Different from the No LBBB group, p<0.001.

11.4.3. Figura suplementaria 3

Supplemental Figure 3. Kaplan-Meier curves from hospital discharge up to
4-years follow-up among survivors at discharge and without permanent
pacemaker implantation during hospitalization.

(A) Overall mortality.

Freedom from death (%)
~
<

eo-
| No/Transient LBBB — — — Persistent LBBB
50-
HR: 1.32 (95% Cl 0.66-2.62); p=0.428
40- T T T T T
0 1 2 3 4
Years of follow-up
Number at risk
No/Transient LBBB 224 207 183 126 B2
Persistent LBBB 62 57 50 35 19

202



ANEXOS

(B) Permanent pacemaker implantation (PPI)

100 T eT——
B M-
90 -__'\ -
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o 804
a
E 70+
g w -
w
50-
HR:3.16 (95% Cl 1.24-8.05); p=0.016
40- T T T T T
0 2 4
Years of follow-up
Number at risk
No/Transient LBBB 224 202 177 120 79
Persistent LBBB 62 54 46 30 18

(C) Heart failure readmission

g

Freedom from HF readmission (%)
~
o

HR:1.18 (95% Cl 0.57-2.45); p=0.648

-

T T T

0 1

e

2
Years of follow-up

Number at risk
No/Transient LBBB 224 183 160 108 73
Persistent LBBB 62 52 a4 30 17

No/Transient LBBB = - = Persistent LBBB
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11.4.4. Figura suplementaria 4

Supplemental Figure 4. Changes of New York Heart Association (NYHA)
class at 1-year follow-up according to the Occurrence of New-Onset Persistent
LBBB after SU-SAVR.
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11.4.5. Tabla suplementaria 1

Supplemental Table 1. Baseline and follow-up echocardiographic data
according to the presence of New-Onset Persistent LBBB among survivors
with no pacemaker implantation at discharge.

SU-SAVR Cohort

No/Transient LBBB NOP-LBBB
Baseline Post-procedure Last FU Baseline Post-procedure Last FU
LVED diameter, mm 47.8+6.7 450+6.3 44.6+59 466 +7.6 45.7+7.0 4441172
LVES diameter, mm 3.1 £8.1 297+7.1 286178 303 +£8.7 31576 298+79
LA diameter, mm [ 44.6+59 44.7+7.1 458 6.4 44.7£5.7 47.1+7.1 453+7.4
E/A ratio 0.71(0.61-0.93)  0.83(0.69-1.18)  0.82 (0.68-1.21) | 0.99 (0.59-1.3)  0.80 (0.69-0.94)  0.83 (0.64-1.11)
PAP, mmHg 429+143 412+84 41.7+10.7 45.0+12.8 41.8+10.0 42.8+9.8

Results expressed as mean + SD or median (interquartile range) for

quantitative variables.

NOP-LBBB, New-onset persistent Left Bundle Branch Block; LA, Left Atrial;
LVED Left Ventricular end diastolic; LVES Left Ventricular end systolic;
LVEF, Left Ventricular Ejection Fraction; PAP, Pulmonary Artery Pressure
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11.5. Articulo 4

Transcatheter Aortic Valve-in-Valve Replacement for Failed

Sutureless Aortic Valves

Vilalta V, Pifion P, De Lara J, Millan X, Carrillo X, Fernandez-
Nofrerias, E, Romaguera R, Montero J, Gonzalez |, Rodriguez-Leor O,

Bayes-Genis A, Rodés-Cabau, J.

JACC Interventions. Ahead of print

Cuartil: Q1

Factor de impacto: 11,08
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JACC: CARDIOVASCULAR INTERVENTIONS
© 2022 PUBLISHED BY ELSEVIER ON BEHALF OF THE
AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

RESEARCH CORRESPONDENCE
Transcatheter Aortic
Valve-in-Valve
Replacement for Failed
Sutureless Aortic Valves

Most aortic valve-in-valve (ViV) transcatheter aortic
valve replacement (TAVR) procedures worldwide
have been performed in degenerated stented or
stentless bioprosthetic valves, and favorable out-
comes have been reported in large ViV registries.””
However, no comprehensive analysis of ViV-TAVR
for failing sutureless Perceval prostheses (LivaNova
Group) has been reported to date.

The objective of the present multicenter study,
including 28 failed sutureless Perceval valves who
underwent ViV-TAVR from 2016 to 2022 in 8 centers,
was to evaluate the causes, mechanisms, and timing
of sutureless valve failure and determine the results
of ViV-TAVR in this population. Clinical, procedural,
and follow-up data were analyzed according to Valve
Academic Research Consortium-3 criteria.

Mean age of the study population was 79 + 4 years,
78.6% were female, and most patients had a high-risk
profile (mean EuroSCORE Il = 9.3% + 6.9%). Most
Perceval valves sizes were M (46.4%) or S (39.2%).
ViV-TAVR was performed after a mean time of 4 + 2
years from Perceval implantation, and patients pre-
sented with stenosis in 42.9% of cases, combined
stenosis/regurgitation (39.3%), or isolated regurgita-
tion (17.9%) (Figure 1A),

In addition to valve degeneration (n = 19; 67.9%),
which was the main cause of bioprosthetic failure,
one-fourth of sutureless Perceval valve cases pre-
sented with stent infolding (Figure 1B) or partial
embolization (n = 4; 14.3% and n = 3; 10.7%, respec-
tively). Characteristics of the 4 patients with stent
infolding are described in Figure 1C.

Most ViV-TAVR procedures were performed
through a transfemoral access (92.9%), and balloon-
expandable valves (BEV) and self-expanding valves
(SEV) were implanted in 67.9% and 32.1% of pa-
tients, respectively. Balloon predilatation of the
Perceval valve was performed in 39.3% of patients
(31.6% of BEV and 55.6% of SEV; P = 0.212), and
postdilatation was required in 39.3% (15.8% of BEV
and 88.9% of SEV; P < 0.001). Procedural success
was achieved in 96.4% (94.7% of BEV and 100% of
SEV; P = 0.679). Device success was 85.7%: 79.0% in
BEV (4 patients presented mean gradients

ANEXOS

voL. B, no. W, 2022
ISSN 1936-8798/536.00

>20 mm Hg before discharge) and 100% in the SEV
group; P = 0.189.

There were no in-hospital deaths, and adverse
periprocedural outcomes included new pacemaker
(n = 2; 7.1%), stroke (n = 2; 7.1%), and partial coronary
artery obstruction (n = 1; 3.6%). At hospital discharge,
the mean residual gradient was 15.0 + 6.2 mm Hg
(BEV 16.4 + 6.1 mm Hg, SEV 12.1 + 5.6; P = 0,08), and
the rate of moderate paravalvular leak (PVL) was
14.3% (SEV 22.2%, BEV 10.5%; P = 0.43). One of 4
patients who presented residual PVL had significant
baseline PVL; and the other 3 patients presented
intravalvular regurgitation that improved after ViV
procedure.

After a median follow-up of 2 years, the mortality
rate was 10.7% (n = 3; 1 cardiovascular death), and no
rehospitalizations for heart failure or reinterventions
were required. Echocardiographic follow-up data
(available in 25 patients, 89.3% of patients at risk)
showed lower mean gradient values among SEV re-
cipients compared with patients treated with BEV
(11 + 1.5 mm Hg vs 15,3 + 1.2 mm Hg; P = 0,045). There
were no differences between groups regarding mod-
erate or severe PVL (15.8% vs 11.1%; P = 0.740).

The timing of valve deterioration in our study ap-
pears to be much shorter than that reported in prior
ViV-TAVR registries, including stented and stentless
surgical valves (mean deterioration time of 8 years).’
This highlights the need for additional studies eval-
uating valve durability of sutureless valves. Also,
sutureless valves exhibited differential causes of
failure compared with other bioprostheses. As it has
been described for SEV, the nitinol frame of the
Perceval valve is susceptible to mechanical deforma-
tion, which can lead to frame fracture, infolding and
underexpansion. The metallic structure that harbors
the leaflets collapses because of valve oversizing and
can result in severe PVL or increased gradients due to
leaflet deformity.® Therefore, it is recommended to
select the smaller size when annular measurements
fall within the grey zones, especially in small
annulus.

According to previously published case reports, the
treatment options of this type of valve deterioration
could be: 1) surgical reintervention using a smaller
size valve; 2) ViV-TAVR procedure; and 3) balloon
valvuloplasty. However, as it is reported in the liter-
ature and in 2 cases of our series, because the un-
derlying problem is still unsolved (oversized device
for the aortic annulus), balloon dilatation would
probably be ineffective.®

In conclusion, ViV-TAVR in sutureless valves was
feasible, with high device and procedural success

COR 5.6.0 DTD m JCING6609 proof m 18 October 2022 ® 6:27 pm W cc CW

209




print & web 4C/FPO

Terapias minimamente invasivas para la EAo

Letters

FIGURE 1 Causes,

CAUSE MECHANISM

TREATMENT

JACC: CARDIOVASCULAR INTERVENTIONS vOL. W, NO. W, 2022

W 2o22Em-N
and T of Failed Valves
Stont partial stent e
n=1(20.0%) Infolding | _\ (a1%)
n=1(200%) n=3(600%) n=3 (27.3%)
Evout PRO, =3 | On=l EOKPRO,n=3  Sopiend,n=l '“""‘"::: oy sapien3, =l
Mean
P Mechanism Predilatation THV Postdilatation  gradient PVL
valve size
(mmHg)
M(21-23)  Combined Yes s‘zz:"mz' No 10 Mild
M(21-23)  Combined No s;‘;‘;:"mz' No 9 No
S(1921)  Combined Yes E“z’:; :"’ Yes 1 No
$(19-21)  Regurgitation No Ev;;n“:‘ro, Yes 5 Moderate

(A) Classification of study population by sutureless failure mode and type of TAVR. (B) Computed tomography images and reconstruction of a Perceval valve with stent
infolding. (C) Characteristics of cases with stent infolding: SAPIEN 3 (Edwards Lifesciences) and Evolut PRO (Medtronic). PVL = paravalvular leak; THV = transcatheter

heart valve.
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rates. However, further studies are required to
confirm the relatively high periprocedural complica-
tion rates.
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11.6. Péster

Transcatheter Aortic Valve-in-Valve Replacement for failing
Sutureless Aortic Valve

Moderated poster at Transcatheter Cardiovascular Therapeutics annual
world congress 2022 (TCT number 403).

Presentation date: 17/09/2022.

Boston Convention and Exhibition Center in Boston, MA

213



Terapias minimamente invasivas para la EAo

214



*sanjeA [eaifins pajie} JaLao ui ueyl Jaydiy aq o) paseadde Syea| [enpisal ueayiudis

pue suonedl|dwod [eanpadosduad Jo 3181 Y3 JIA3MOH "S3IBJ §S3IINS YSIY YIIM PIIRID0SSE SEM SuN|IE) [BAIIIS J3LR YAVL-AIA "SIAJEA [EIIBUNS J310 O pauedwiod 3in|1e) JO Bulll) PUe S3SNED [BIUAIBYIP PINGILXS SSA[EA SS3[3ININS

NOISNTONOD

(0o Suipaa|q Suuteas-apiole
ASs I /38 I o uonexdwod Jejnasen Jolew

n
O
X
L
Z
<

. =t S i (rae JBEWAIRY MIN
m %_ (rae aons
% ﬂ ] raz (31=13pow) yea| JejNAjEARIE] olo uopIRIUY [BIPIEIOAIN

z TSFLET SHww quaipesd ases ueap (0o yieag
i 0 smoquwonysnen [ BeR [ Seesina ot

. o Wm (oo Jayewadey Ty sl

Z800=d e f2 28UNs Wouy 3w YAYL-AIA

3 ISE)E — (E€vny asanag

23 logtle ‘eaa (rse)ot aes3pon
T (1374 S1e3A ‘dn-mojjo} UBIPIW e
e dewows cozs o S tpss sen v
ario=d 8 6'9FE'6 11 3¥0ds0in3
(982) 22 ajeway
I8 TYFTEL afy

S me wmuepous
S1INS3Y

|
u'gueds (T OMIOE L Leu’puors  pauONdION 1=t ONeImONS mm m “BLIID E-LUNNIOSUOD
m
] yoiessay Jluspedy  aaeA 0] Suipiosoe  pazh|
-eue  ayam  elep  dn-mojjo} pue  |esnpadosd
‘leawp (N ‘uopuo ‘encuearn) sisayisosd [easdsad
(%18) 1=u ﬁﬂmﬁwm”: (%0°02) 1=u ﬁaﬂﬂﬁﬂ AMWWE_H_: . W pailey 10} HAVL-AIA ssajainns
.._..!._______a Ewﬁ . ..!Ju.:: _u......i E.on . m Juamuapun oym suaned Buipnpul Apnis Jajuaonnia
SAOH13IN
m ‘sasaysoud ssaf@unins
@
=

aNNOYSXOVd

ayd ‘aw ‘nbgoI-sapoy dasor ‘aud ‘AW ‘S1uaD -saAbg [UoIUY ‘QYd QN ‘Za|p2u09-2nJ) 0120UB| ‘QIN ‘SDZ5qDI-0I3NUON 3SOf
‘an ‘souaufop-zapupusa4 paonp3 ‘qyd ‘G ‘ojjLun) Jamex ‘gyd ‘an ‘sanbowoy ja0foy ‘ayd ‘TN “UDIIIN J3IADX ‘QYd ‘GW ‘D107 3P DIUDY UDN[ (G “UOUId 0|qDd ‘O ‘DHOJIA PLOIIA




	RESUMEN
	SUMMARY
	1. INTRODUCCIÓN
	1.1. Epidemiología y manejo de la estenosis aórtica
	1.2. Opciones terapéuticas en la estenosis aórtica
	1.2.1. Tratamiento médico
	1.2.2. Substitución valvular
	Estratificación del riesgo quirúrgico

	1.3. Clasificación de las bioprótesis aórticas
	1.3.1. Bioprótesis transcatéter (TAVI)
	1.3.2. Bioprótesis sin sutura o sutureless

	1.4. Evidencia científica
	1.4.1. Evidencia científica en TAVI
	1.4.2. Evidencia científica en SU-SAVR


	2. JUSTIFICACIÓN DEL PROYECTO
	3. HIPÓTESIS
	4. OBJETIVOS
	4.1. Objetivo principal
	4.2. Objetivos secundarios

	5. COMPENDIO DE PUBLICACIONES
	5.1. Introducción
	5.2. Artículo 1
	5.3. Artículo 2
	5.4. Artículo 3

	6. RESUMEN GLOBAL DE LOS RESULTADOS
	6.1. Estudio 1: Resultados a medio plazo tras la implantación de válvulas quirúrgicas sin sutura y válvulas transcatéter en pacientes con EAo de bajo riesgo quirúrgico.
	6.2. Estudio 2: Predictores y valor pronóstico del implante de marcapasos tras el tratamiento con válvulas sin sutura en pacientes con estenosis aórtica y bajo riesgo quirúrgico.
	6.3. Estudio 3: Bloqueo de rama izquierda de nueva aparición tras substitución valvular aórtica con válvula quirúrgica sin sutura.
	6.4. Estudio 4: Tratamiento transcatéter de la disfunción de las válvulas quirúrgicas sin sutura

	7. RESUMEN GLOBAL DE LA DISCUSIÓN DE LOS RESULTADOS OBTENIDOS
	7.1. Resultados comparativos a medio plazo entre SU-SAVR y TAVI en pacientes de bajo riesgo quirúrgico
	7.2. Trastornos de conducción e implante de marcapasos tras SU-SAVR
	7.2.1. Implantación de marcapasos tras SU-SAVR en pacientes de bajo riesgo quirúrgico
	7.2.2. Bloqueo de rama izquierda de nueva aparición tras SU-SAVR

	7.3. Tratamiento transcatéter (valve-in-valve) de la disfunción de las prótesis sin sutura

	8. CONCLUSIONES
	9. LÍNEAS FUTURAS DE INVESTIGACIÓN
	10.  BIBLIOGRAFÍA
	11. ANEXOS
	11.1. Comentario editorial: TAVI, también en bajo riesgo.
	11.2. Cartas al editor derivadas del Artículo 1
	11.2.1. Carta al editor 1

	11.3.
	11.2.2. Carta al editor 2

	11.3. Material suplementario del Artículo 2
	11.3.1. Tabla suplementaria 1
	11.3.2. Tabla suplementaria 2

	11.4. Material suplementario del Artículo 3
	11.4.1. Figura suplementaria 1
	11.4.2. Figura suplementaria 2
	11.4.3. Figura suplementaria 3
	11.4.4. Figura suplementaria 4
	11.4.5. Tabla suplementaria 1

	11.5. Artículo 4
	11.6. Póster


	Títol de la tesi: TERAPIAS MÍNIMAMENTE INVASIVAS PARA EL TRATAMIENTO DE LA ESTENOSIS AÓRTICA: BIOPRÓTESIS SIN SUTURA Y PRÓTESIS VALVULAR AÓRTICA TRANSCATÉTER
	Nom autor/a: VICTORIA VILALTA DEL OLMO


