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RESUMEN DE LA TESIS Xavier Millan Alvarez

Resumen

Las fugas paravalvulares (FPV) tras un recambio valvular protésico se producen
cuando existe una falta de aposicion entre el anillo protésico y el anillo nativo.
Aunque generalmente no tienen repercusion clinica, en ocasiones producen
regurgitaciones que causan insuficiencia cardiaca, anemia hemolitica 0 ambas;
condicionando una elevada mortalidad. Ante FPV sintomaticas el tratamiento de
eleccion es la reintervencion quirurgica, que ha demostrado ser eficaz con
mejoria de la supervivencia en comparacion con el tratamiento médico. No
obstante, el tratamiento quirurgico de las FPV se asocia a una elevada
mortalidad perioperatoria y a un riesgo considerable de reaparicion de fugas.
Recientemente, las técnicas transcatéter han emergido como una alternativa al
tratamiento quirdargico. Sin embargo, la experiencia global con estas técnicas se
limita a estudios monoceéntricos o pequefos registros sin seguimiento clinico a
largo plazo, por lo que no existe suficiente evidencia cientifica que demuestre
una consistente eficacia de la técnica.

A través de un compendio de publicaciones la tesis doctoral presentada muestra
la utilidad de las técnicas transcatéter en el tratamiento de pacientes con FPV
significativas. En el primero de los dos estudios publicados, mediante una
revision sistematica y meta-analisis se demuestra que, cuando es exitoso, el
tratamiento transcatéter de FPV se asocia a una reduccion en la mortalidad
cardiaca y a una mejoria de la clase funcional o de la anemia hemolitica.
Ademas, en comparacion con los procedimientos transcatéter fallidos, la
reduccion transcatéter exitosa de fugas paravalvulares se asocia a un menor
requerimiento de reintervenciones quirurgicas.

En el segundo estudio, mediante la comparacion de los resultados clinicos tras
el tratamiento quirurgico o transcatéter de FPV se muestra como la cirugia
podria asociarse a una mejoria en el objetivo combinado de mortalidad por
cualquier causa u hospitalizacion por insuficiencia cardiaca durante el
seguimiento. En contrapartida, los beneficios de la cirugia no se observan hasta
transcurrido un afno de la intervencion debido a su mayor riesgo de mortalidad
perioperatoria; por lo que ambas técnicas pueden tener su papel en el algoritmo
de tratamiento de pacientes con FPV significativas.
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Brief summary

Paravalvular leaks (PVL) occur after valve replacement when there is an
incomplete apposition of the prosthesis’s sewing ring to the native annulus.
Although mild PVL are frequently asymptomatic, significant regurgitation can be
associated with congestive heart failure, refractory haemolytic anaemia and a
high long-term mortality. Surgical correction of PVL is indicated in these patients,
as it has been associated with improved event-free survival when compared with
conservative treatment. However, repeated surgeries are associated with high

perioperative mortality and a significant rate of PVL recurrence.

The interest for transcatheter techniques is exponentially growing as an
alternative treatment for PVL but the global experience remains limited to single-
centre studies or small registries without long-term clinical follow-up. Therefore,

uncertainties persist on the benefits and risks associated with this technique.

Herein, we present a thesis that shows the efficacy of transcatheter reduction of
PVL in symptomatic patients. In the first published work, by means of a
systematic review and a meta-analysis, we showed that a successful
transcatheter reduction of PVL is associated with a lower cardiac mortality rate
and a greater improvement in functional class or haemolytic anaemia, compared
with a failed intervention. Fewer repeated surgeries were also observed after

successful procedures.

In our second study, after comparing clinical outcomes following surgical or
transcatheter treatment of PVL we found that surgery is associated with a
reduction in the combined endpoint of all-cause mortality and rehospitalization for
heart failure. However, surgery is associated with a higher risk of perioperative
mortality and appears to be only beneficial well beyond one year of survival.
Therefore, we believe that both techniques might play a role in our therapeutic
arsenal and we suggest a treatment algorithm for patients with significant PVL.

14



1. INTRODUCCION:
Las fugas paravalvulares
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1.1. Definicién
Una fuga paravalvular (FPV) se define como una comunicacion anormal
existente entre el anillo de sutura de una protesis valvular y el tejido paravalvular
nativo (Figura 1).
Este trabajo se centrara exclusivamente en las FPV sobre prétesis implantadas
quirurgicamente sin discutirse las FPV relacionadas con las prétesis implantadas

mediante técnicas transcatéter.

Figura 1. Anatomia de una protesis biolégica en posicion mitral
con multiples fugas paravalvulares (marcadores blancos)

1.2. Prevalencia y etiologia

La prevalencia de FPV de distintas severidades alcanza el 17,7% en las
sustituciones valvulares adrticas y el 22,6% en las mitrales(1). La mayoria de las
FPV (74%) se producen durante el primer afio tras la sustitucion valvular. La
incidencia es mayor en: a) protesis mecanicas que en las biolégicas, b) las
prétesis adrticas en posicion supra-anular, y c) las prétesis mitrales con sutura
continua(2-4).

Los factores predisponentes del desarrollo tardio de FPV son: a) la calcificacién
anular (dehiscencias producidas por la resorcion de calcificaciones no
completamente desbridadas durante la cirugia), b) la friabilidad tisular
secundaria a endocarditis infecciosa y c) otros procesos inflamatorios asi como

tras la terapia con corticoides(5).

17
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1.3. Presentacion clinica

Aunque la mayor parte de las FPV son pequenas y asintomaticas, se estima que
entre el 2% y el 5% son clinicamente relevantes originando insuficiencia
cardiaca congestiva, anemia hemolitica o ambas(6-8). Tipicamente, el 90% de
los pacientes con FPV sintomaticas presentan clinica de insuficiencia cardiaca,
predominantemente disnea, por los mismos mecanismos fisiopatoldgicos que se
producen en las regurgitaciones sobre valvulas nativas o degeneraciones
protésicas (sobrecarga de volumen, dilatacion de cavidades cardiacas izquierdas
y eventual hipertension pulmonar)(9, 10). Ademas, la mayor parte de los
pacientes con insuficiencia cardiaca por FPV se encuentran en clase funcional
avanzada (lll o IV de la NYHA (New York Heart Association))(11-13). Entre un
tercio y tres cuartas partes de los pacientes con FPV sintomaticas presentan
anemia hemolitica ya sea de forma aislada o, mas frecuentemente, asociada a
insuficiencia cardiaca. A menudo es la propia anemia lo que desencadena los
sintomas de insuficiencia cardiaca. La anemia se produce por la destruccion
mecanica de los hematies especialmente en FPV de pequefio tamafio y con
trayecto anfractuoso(5). Ademas, como en cualquier defecto o comunicacion
intracardiaca que cree flujo turbulento, las FPV pueden incrementar el riesgo de
endocarditis infecciosa.

1.4. Diagnéstico

La sospecha diagnostica de una FPV se establece habitualmente con la historia
clinica (insuficiencia cardiaca congestiva o anemia persistente con requerimiento
transfusional) junto con la exploracion fisica (auscultacion de un soplo de novo).
En las FPV mitrales, el hallazgo mas caracteristico es un soplo pansistolico en
apex, con una irradiacion que depende de la trayectoria del chorro regurgitante.
En las FPV aodrticas se puede apreciar un soplo diastélico de alta frecuencia,
decreciente en el borde paraesternal izquierdo. Sin embargo, la auscultacion
cardiaca carece de especificidad para el diagnostico de FPV por lo que los
estudios de imagen cardiaca son necesarios para confirmar la presencia de
FPV. La Tabla 1 muestra las diversas técnicas de imagen para estudiar las FPV,

con sus respectivas ventajas y limitaciones.
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ECOCARDIOGRAFIA

La ecocardiografia es la prueba diagndstica inicial para valorar el funcionalismo
protésico. El estudio de las regurgitaciones en valvulas protésicas es mas
complejo que en valvulas nativas. Es importante distinguir si el flujo regurgitante
es fisioldgico o funcional (“lavado” normal que se produce para evitar la estasis
sanguinea y la formacidon de trombos) o es patoldgico y, en este ultimo caso, si
se trata realmente de una regurgitacion paravalvular o central. Ademas, los
materiales protésicos producen artefactos a los ultrasonidos que pueden
enmascarar la sefial de regurgitacion.

La ecocardiografia transtoracica (ETT) proporciona una mejor valoracion de los
gradientes transvalvulares asi como del tamafo y funcidn de las cavidades
cardiacas, en comparacion con la ecocardiografia transesofagica (ETE). En
cambio, la ETE es muy util para establecer el mecanismo de la regurgitacion y
es especialmente necesaria en la valoracion de las protesis mecanicas en
posicion mitral, donde la sefial de regurgitacion protésica se encuentra interferida
por el eco de la propia protesis. Sin embargo, en pacientes con protesis adrticas,
el estudio mediante ETT puede ser suficiente puesto que la protesis no interfiere
con la senal de regurgitacion en la misma medida(14, 15). Aun asi, la ETE puede
aportar mayor precision en la determinacion de la localizacién y severidad de la
FPV.

Se debe tener en cuenta que la ETE es una exploracion mas invasiva que el
ETT y precisa sedacion para el paciente y, ademas, requiere una gran
experiencia por parte de los operadores, tanto para la adquisicion de la
imagenes como para su interpretacion(16).

El protocolo del estudio ecocardiografico incluye los siguientes parametros:

Analisis de la integridad estructural

La evaluacion inicial de las FPV incluye la valoracion de la integridad estructural
de la valvula protésica. Una movilidad anormal del anillo protésico o la presencia
de cualquier espacio entre la proétesis y el anillo nativo debe hacer sospechar la
existencia de una FPV. En las prétesis mitrales, la persistencia del velo nativo
posterior puede aparentar cierto grado de motilidad protésica pero cuando la
oscilacion de la proétesis en relacidn al anillo es superior a los 15°, debe

20
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sospecharse una dehiscencia significativa(15). En el caso de las prétesis
aorticas, el movimiento de la protesis esta mas restringido por el menor tamarno
de su anillo por lo que cualquier movimiento discordante de la prétesis en
relacion al tejido adyacente (raiz adrtica) indica una dehiscencia significativa (>

40% de la circunferencia del anillo)(17).

Grado de severidad de la FPV
Como mencionabamos anteriormente, el estudio de las FPV es complejo y la

valoracion de su grado de severidad supone un reto. Generalmente, se usan los
mismos parametros utilizados en la cuantificacion de las regurgitaciones en
valvulas nativas tales como la anchura de la vena contracta, el area efectiva del
orificio regurgitante o el volumen regurgitante. Sin embargo, existe escasa
evidencia sobre la aplicabilidad de estos parametros en el contexto de las FPV.
Ademas, debido a la frecuente presencia de multiples jets, a la excentricidad de
los mismos y a los artefactos ultrasonicos a menudo se infraestima la severidad
de las FPV. Por ello, deben integrarse todos los parametros anatomicos y
funcionales o hemodinamicos (cualitativos, semicuantitativos y cuantitativos)
obtenidos por ecocardiografia junto con la clinica del paciente para establecer el
grado de severidad de las FPV(14). Generalmente, los estudios y las guias de
practica clinica utilizan la clasificacion en 3 grados (ligera, moderada o
importante) o la clasificacién clinica y angiografica en 4 grados (grado | a V)
para valorar la severidad de las regurgitaciones protésicas, pero estas
clasificaciones tienen el inconveniente de no valorar de forma precisa los grados
intermedios de severidad. Recientemente se ha propuesto una nueva
estratificacion en 5 grados que pretende resolver las diferencias de criterios
existentes en las distintas clasificaciones, alinear los parametros
ecocardiograficos con la terminologia usada en la practica clinica y unificar los
criterios de severidad a reportar en futuras publicaciones cientificas(18). Esta
nueva clasificaciéon es la recomendada en el consenso de expertos en fugas
paravalvulares sobre protesis quirurgicas, recientemente publicado(19, 20)
(Tablas 2 y 3) pero, obviamente, debera ser validada con la graduacién de la
severidad de las FPV establecida mediante otras pruebas de imagen, como la

resonancia magnética cardiaca.
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Tamano, forma, numero vy localizacion de las FPV

Aunque técnica diagnostica de primera linea es la ecocardiografia bidimensional
(por ETT o ETE), la ecocardiografia transesofagica tridimensional (ETE 3D)
aporta ventajas significativas en el diagndstico de las FPV, las cuales se
visualizan como areas anecoicas en la periferia del anillo protésico y se
confirman mediante Doppler color. Es una técnica de gran utilidad para describir
con precision la localizacion, la forma (circular, semilunar), el tamafo y la
trayectoria (linear, anfractuosa) de las FPV. Estas caracteristicas determinaran la
estrategia de tratamiento y, en el caso de plantearse un abordaje percutaneo, el
grado de dificultad para cruzarlas y el tipo y tamafio de dispositivo oclusor a
utilizar. La extensién circunferencial mediante ETE 3D también puede usarse
para cuantificar el grado de severidad de la FPV. Asi, una afectacion superior al
25-30% de la circunferencia del anillo constituiria una posible contraindicacion
para su tratamiento percutaneo (21). Es necesario explorar la valvula
minuciosamente ya que no es infrecuente la presencia de fugas multiples.
Finalmente, para facilitar la comunicacion entre ecocardiografistas y operadores
es necesario describir la localizacion exacta de la fuga en relacion a puntos
anatomicos de referencia. Para ello, se utiliza la perspectiva quirurgica desde la
auricula izquierda. Usando la nomenclatura horaria, la unidon mitro-adrtica se
establece a las 12h y la valvula mitral suele dividirse en cuadrantes: el cuadrante
septal o medial estaria entre las 12h y las 3h, el cuadrante posterior entre las 3h
y las 6h, el cuadrante lateral entre las 6h y las 9h y el cuadrante anterior entre la
orejuela auricular izquierda y la union mitro-adrtica (entre las 9h y las 12h) (22-
24). (Figura 2).

Las localizaciones mas frecuentes de las FPV mitrales son la zona anterolateral
y la zona posteromedial(25).

En la valvula adrtica, la comisura entre el seno no coronario y el izquierdo estaria
hacia las 12h, la comisura entre los senos coronarios derecho e izquierdo a las
4h y la comisura entre el seno derecho y el no coronario a las 8h. Las FPV

aorticas se localizan mas frecuentemente alrededor del seno no coronario (26).
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Figura 2. Nomenclatura horaria para localizar las fugas paravalvulares mitrales (izquierda) y
aorticas (derecha). OI: orejuela auricular izquierda; SCD: seno coronario derecho; SCI: seno
coronario izquierdo; SNC: seno no coronario.

TOMOGRAFIA COMPUTARIZADA CARDIACA

La tomografia computarizada (TC) también es util para la deteccién de FPV, con
sensibilidad, especificidad y valores predictivos similares a la ETE 2D(27).

La TC con sincronizacién retrospectiva por ECG proporciona imagenes de gran
resolucion espacial que permiten una adecuada evaluacién de las FPV
(localizacion, tamafio y trayectoria) y es una herramienta con gran potencial para
la planificacion del tratamiento percutaneo de las FPV(12). Con el software
adecuado se pueden superponer las imagenes de la TC a la fluoroscopia
durante el procedimiento. Asimismo, se pueden adaptar los angulos
fluoroscopicos y colocar marcadores visuales a nivel de la fuga para facilitar al
operador el cruce de la misma. Ademas, la impresion tridimensional de la
informacion obtenida por TC es otro recurso disponible que facilita a los
operadores la comprension global del defecto.

No obstante, la TC también tiene sus limitaciones: requiere contraste yodado y
radiacion ionizante y experiencia considerable para un adecuado procesamiento
de las imagenes. Ademas, las valvulas mecanicas, principalmente las proétesis
de jaula y las monodisco, generan intensos artefactos que dificultan la

evaluacion de las fugas por TC.
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CARDIO-RESONANCIA MAGNETICA

La CRM tiene una utilidad limitada en el estudio de las FPV. Su principal ventaja
radica en la capacidad de obtener volumenes regurgitantes de forma muy
precisa y reproducible, independientemente de la morfologia o numero de fugas.
Ademas, puede ser util para corroborar la severidad de la regurgitacion en los
casos en los que el estudio ecocardiografico no es concluyente, cuando existe
discordancia entre la severidad de la FPV por ecocardiografia y el estado clinico
del paciente o para precisar el grado de dilatacion/disfuncién ventricular(28, 29).

CINEFLUOROSCOPIA Y CINEANGIOGRAFIA

A pesar de ser no-invasiva y rapidamente disponible, la fluoroscopia tiene una
utilidad muy limitada en el diagnodstico de FPV excepto en los casos en los que
exista una dehiscencia importante que genere una marcada motilidad del anillo
protésico.

La angiografia se puede utilizar para categorizar la severidad de las
regurgitaciones valvulares de forma semicuantitiva mediante la clasificacion de
Sellers pero dificimente sea de utilidad en las FPV para establecer el
mecanismo o la localizacién exacta de la regurgitacion(30). Por ello, unicamente
se aconseja su utilizacion para distinguir entre fugas de grado inferior a ligeras
de aquéllas de grado moderado o superior. Puede utilizarse la angiografia para
confirmar el resultado tras el cierre percutaneo de FPV adrticas, especialmente
cuando el defecto se localiza en la porcion anterior del anillo, donde la ETE tiene

mas limitaciones.

ESTUDIOS CON ISOTOPOS RADIOACTIVOS

Al ser la endocarditis infecciosa una contraindicacion absoluta para el cierre
transcatéter de FPV, la escintigrafia con leucocitos marcados con tecnecio o la
tomografia por emision de positrones (PET) o la TC con 8F-fluorodesoxiglucosa
pueden ser Utiles para descartar esta complicacién en pacientes portadores de

protesis valvulares(31).
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ANALITICA

La hemoglobina y el hematocrito pueden tener valores cercanos a la normalidad
si la médula 6sea es capaz de compensar la destruccion sanguinea por lo que
ademas de estos parametros, se debe afinar el diagnostico de hemodlisis
mediante la determinacion de reticulocitos, bilirrubina (directa e indirecta),
haptoglobina, lactato deshidrogenasa y un frotis sanguineo para detectar la
presencia de esquistocitos. Incluso en pacientes sin anemia, siempre es
recomendable disponer de esta evaluacion ya que proporciona datos basales de
referencia para los casos en los que aparece hemdlisis tras el procedimiento
percutaneo.

El propéptido natriurético cerebral N-terminal (NT-proBNP) es de gran utilidad
tanto para el diagnostico diferencial de la disnea en pacientes con multiples
comorbilidades como para determinar la efectividad del tratamiento sobre las
FPV.

Por ultimo, como se ha mencionado anteriormente la endocarditis contraindica el
cierre percutaneo de FPV por lo que, ante un cuadro febril y siempre que exista
una minima sospecha de endocarditis, es necesario realizar hemocultivos y

confirmar el resultado negativo de los mismos.

1.5. Tratamiento de las fugas paravalvulares

Tratamiento médico

La terapia médica es una medida practicamente paliativa para controlar los
sintomas de insuficiencia cardiaca. Se utilizan los diuréticos y, aunque
habitualmente son inefectivos, farmacos hipotensores/vasodilatadores para
reducir la poscarga cardiaca. Si existe hemodlisis, suele administrarse hierro,
eritropoyetina y en casos de mayor severidad pueden precisarse transfusiones

periddicas de sangre.

Tratamiento quirdrgico

Tradicionalmente ha sido la unica terapia correctora de las FPV y, actualmente,
aun es la técnica de referencia al haber demostrado una mejoria en la
supervivencia y una reduccion de los sintomas en pacientes con FPV

significativas, en comparacion con el tratamiento médico conservador(2). Las
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opciones quirurgicas incluyen la reparacion de la fuga o una nueva sustitucion
protésica. El tipo de cirugia depende del tamafio o extension de la fuga, del
estado del anillo valvular nativo y de los antecedentes quirurgicos del paciente.
Sin embargo, independientemente de la técnica utilizada, la re-operacién por
FPV supone un mayor riesgo de mortalidad (entre el 4% y el 13%) y morbilidad
que la primera cirugia, especialmente en intervenciones sobre la valvula mitral.
Ademas, existe mayor riesgo de recurrencia de FPV tras las repetidas cirugias

debido la persistencia de calcificacion o fragilidad tisular subyacente(32, 33).

Tratamiento transcatéter

Desde que Hourigan describio la técnica en 1992, existe un creciente interés por
la reduccion percutanea de las FPV como alternativa al tratamiento médico en
pacientes con contraindicacion o alto riesgo para una re-intervencién quirurgica.

A continuacion se describen el procedimiento y los resultados actuales de la

reduccion transcatéter de fugas paravalvulares.
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PARAVALVULARES

29






TRATAMIENTO TRANSCATETER DE FUGAS PARAVALVULARES Xavier Millan Alvarez

2.1. Descripcién del procedimiento

CRUCE DE LA FUGA

El abordaje percutaneo de las FPV depende mayoritariamente de la posicion de
la protesis. Las fugas aorticas se suelen tratar mediante un abordaje retrogrado
transadrtico mientras que las fugas mitrales suelen tratarse mediante un acceso

anterogrado transeptal.

FUGAS MITRALES
Representan la mayoria (70% o mas) de los cierres transcatéter que se realizan

en la actualidad. Suelen ser procedimientos de mayor complejidad técnica que
los aodrticos al requerirse la realizacion de una puncion transeptal. Ademas,
debido al mayor tamarno de las FPV mitrales, no es infrecuente la utilizacion de
multiples dispositivos.

. Acceso anterégrado (Figura 3A): Es el abordaje mas habitual. Al tratarse

por definicion de pacientes postoperados, el septo interauricular suele ser rigido
y la puncién transeptal puede resultar mas dificultosa que en otros tipos de
procedimientos. En el caso de que no se consiga avanzar la aguja de puncion
transeptal se pueden intentar diferentes estrategias: a) utilizar el estilete incluido
en el equipo de la aguja de Brokenborough para perforar el septum y poder
avanzar la aguja; b) utilizar una guia coronaria convencional por su parte trasera,
mas rigida, o utilizar una guia coronaria especifica para oclusiones coronarias
cronicas; c¢) aplicar el bisturi laser sobre la aguja o utilizar una aguja de puncion
transeptal de radiofrecuencia (NRG®RF Transeptal needle, Baylis Medical, QC,
Canada). Tras la puncion transeptal, si existe dificultad al pasar la vaina se
pueden utilizar la guia y el dilatador de Inoue® (Toray Coorporation, TKY, Japon)
para favorecer su paso, aunque en ocasiones es necesario recurrir a la
dilatacion del septum con balones de 8-9mm.

Una vez posicionada la vaina en la auricula izquierda, se avanza un catéter
coronario diagnostico (p.ej. Judkins derecho) con una guia hidrofilica recta para
intentar cruzar la FPV. El uso de un catéter deflectable como el Agilis® (St. Jude
Medical Inc, MN, EUA) facilita mucho el cruce con la guia.

31



TRATAMIENTO TRANSCATETER DE FUGAS PARAVALVULARES Xavier Millan Alvarez

Cuando el paciente no es portador de una protesis mecanica adrtica,
conviene realizar un asa arteriovenosa para facilitar el paso del catéter de
liberacion a través de la FPV. Para ello, se avanza la guia hidrofilica dando una
vuelta en el apex del ventriculo izquierdo y se posiciona en la aorta ascendente a
través de la valvula aortica. Desde un acceso arterial (radial o femoral) se caza
la guia con un lazo de 30cm y se exterioriza por el acceso arterial. Estirando el
asa arteriovenosa por los dos extremos generalmente se consigue la tension
necesaria para poder avanzar el catéter de liberacion desde el lado venoso a
través de la fuga (Figura 3B). De forma alternativa, si no puede hacerse el asa
debe intercambiarse la guia hidrofilica del ventriculo izquierdo por una guia de
alto soporte con una amplia curva preconfigurada o formada manualmente (p.ej.
Extra-stiff®, Cook Medical, IN, EUA). Finalmente, el catéter de liberacion del
dispositivo se avanza desde el lado venoso sobre el asa arteriovenosa o la guia

rigida para cruzar la FPV y liberar el dispositivo.

Figura 3A. Acceso anterdgrado transeptal para el tratamiento de fugas
paravalvulares mitrales
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Figura 3B. Asa arteriovenosa en aorta ascendente. A) La guia cruza la FPV (flecha) y
se posiciona en el ventriculo izquierdo. B) La guia se avanza hasta la aorta
ascendente donde se captura por un lazo para ser externalizada por un acceso
arterial femoral (flecha). C) El soporte del asa permite el avance del catéter de
liberacion a través de la FPV. D) Implante del dispositivo oclusor.

. Acceso retrogrado (Figura 4): En ausencia de proétesis adrtica mecanica se

puede utilizar este abordaje cuando no es posible cruzar la FPV mitral
anterogradamente, aunque existen operadores que lo utilizan como primera
opcion aprovechando el sentido del flujo regurgitante a través de la fuga.
Habitualmente se usa un catéter coronario con curva como el Judkins derecho o
un catéter multipropésito hidrofilico para dirigirlo en el ventriculo izquierdo con
mayor seguridad. A través del catéter se introduce una guia hidrofilica recta para
cruzar la FPV, pero en este caso desde el ventriculo hacia la auricula izquierda.

Tras haber cruzado la fuga se realiza un asa arteriovenosa en la auricula
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izquierda. Para ello, mediante un acceso transeptal se avanza un lazo de 30mm
a la auricula izquierda para cazar la guia hidrofilica y exteriorizarla a través del
acceso venoso femoral. Gracias al soporte logrado con el asa se puede
finalmente avanzar el catéter de liberacidén a través de la FPV desde el acceso

venoso, es decir desde la auricula izquierda hacia el ventriculo izquierdo.

Figura 4. Acceso retrogrado transadrtico para el tratamiento de fugas
paravalvulares mitrales

. El acceso transapical (Figura 5) puede ser una opcion alternativa cuando

los accesos tradicionales fracasan en casos complejos (fugas mitrales en
posicion posteroseptal, presencia de protesis mecanicas multiples) o en
limitaciones de otros accesos vasculares(34). Sin embargo, existen grupos que
utilizan este acceso como primera opcion en casos de FPV mitrales debido a los
buenos resultados y al menor tiempo requerido para cruzar la fuga(12, 35).

Se recomienda planificar el acceso transapical mediante un CT cardiaco previo.
Ello permite localizar un punto de puncion seguro (alejado de las arterias
coronarias, los musculos papilares o tejido pulmonar) y favorable (en el eje
formado por fuga paravalvular y el apex del ventriculo izquierdo). Asimismo,

durante el procedimiento se puede realizar una coronariografia para comprobar
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que la puncién no se produzca a nivel de ninguna de las arterias coronarias,
especificamente la descendente anterior. Se punciona el apex del ventriculo
izquierdo utilizando un kit de micropuncion 21G (Cook Medical, IN, USA) para
minimizar el sangrado. Una vez verificada la posicion de la aguja en el
ventriculo, se avanza a través de la misma una guia 0.018” y la aguja se
intercambia por un introductor de calibre variable, en funcion del dispositivo a
liberar. Se puede utilizar el propio introductor con o sin la ayuda de un catéter
coronario para orientar la guia y conseguir cruzar la FPV. En los accesos
transapicales también es recomendable realizar un asa arteriovenosa para
implantar el dispositivo de oclusidon por via anterograda pero, en este caso no
con la intencion de facilitar el paso del catéter de liberacion sino para minimizar
el calibre a nivel del apex. Para finalizar, el cierre del acceso apical se puede
hacer de forma quirurgica (en caso de exposicion quirurgica previa) o de forma

percutanea utilizando distintos dispositivos(36).

Figura 5. Acceso transapical para el tratamiento de fugas paravalvulares
mitrales
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FUGAS AORTICAS

Representan hasta el 30% de los cierres transcatéter que se realizan en la

actualidad.

. Acceso retrégrado (Figura 6A). Es el mas frecuentemente utilizado para

tratar las FPV adrticas. La fuga se suele cruzar mediante una guia hidrofilica
recta a través de un catéter coronario, habitualmente un Amplatzer Left-1. En
casos disposicion horizontal de la aorta, los catéteres Judkins Right-4 o
multipropésito pueden facilitar el cruce del defecto con la guia. Una vez
superada la FPV se debe intercambiar la guia por una de mayor soporte (p.ej.
Amplatz Super-stiff® de 260cm, Boston Scientific). Para ello, se puede intentar
avanzar el catéter coronario a través de la FPV pero, si no es posible,
generalmente se consigue avanzando un catéter hidrofilico y de menor calibre
(p.€j. Straight® 4F de Terumo, Terumo Corporation, TKY, Japén). Sobre la guia
de alto soporte se avanza el catéter de liberacién del dispositivo.

Figura 6A. Acceso retrogrado transadrtico para el tratamiento de fugas
paravalvulares aorticas

En los casos en los que se prevea dificultad para avanzar el catéter de liberacién

se aconseja posicionar la guia hidrofilica en la auricula izquierda a través de la
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valvula mitral y realizar un asa arteriovenosa como se ha descrito previamente
(Figura 6B). Estirando el asa arteriovenosa por los dos extremos generalmente
se consigue la tension necesaria para poder avanzar el catéter de liberacion a

través de la FPV, desde la aorta hasta el ventriculo izquierdo.

Figura 6B. Asa arteriovenosa en auricula izquierda. A) Dificultad para avanzar
la guia a través de una FPV adrtica (flecha). Se visualizan 2 dispositivos
implantados previamente. B) La guia cruza la FPV, da la vuelta en el
ventriculo izquierdo y se posiciona en la auricula izquierda. C) Captura de la
guia en la auricula izquierda por un lazo para ser externalizada por un acceso
venoso femoral (flecha). D) Avance del catéter de liberacion a través de la
FPV adrtica.

. Acceso anterodgrado (Figura 7): debido a la irregularidad del defecto o en

casos de aorta muy tortuosa que impide una manipulacion adecuada de los
catéteres para cruzar la FPV retrogradamente, en ocasiones se requiere un
acceso anterogrado mediante un acceso transeptal. Este abordaje esta limitado

por el escaso control sobre el catéter coronario y la guia hidrofilica desde el
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ventriculo izquierdo y por el hecho que se cruza la FPV en el sentido contrario a
su flujo. Una vez cruzada la fuga, se realiza el asa arteriovenosa en la aorta
ascendente para posteriormente poder avanzar el catéter de liberacién a través
de la fuga, desde el lado arterial.

Figura 7. Acceso anterogrado transeptal para el tratamiento de fugas
paravalvulares aédrticas

SELECCION DEL CATETER DE LIBERACION

Existen multiples catéteres de liberacion (vainas) que pueden utilizarse para
implantar los dispositivos oclusores. Pero antes de escoger una y tras haber
cruzado la FPV y creado el circuito arteriovenoso, se debe determinar la
estrategia a seguir: a) implantar un unico dispositivo o b) implantar multiples
dispositivos, ya sea de forma secuencial o de forma simultanea. La estrategia
depende fundamentalmente del tamano de la fuga pero, en el caso de las
prétesis mecanicas, también hay que considerar la posibilidad de interferencia
con el movimiento de sus discos. En este sentido, a menudo es preferible
implantar dos dispositivos pequefios que un solo dispositivo de mayor tamano.

Si se decide implantar un solo dispositivo, su tamafo determinara el tipo de
vaina a utilizar. En la mayor parte de los casos se utilizan vainas Amplatzer
TorqVue® (St. Jude Medical, MN, EUA) pero en caso de dificultad para
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avanzarlas a través de la FPV pueden ser de utilidad las vainas Destination® de
Terumo, que tienen una transicion vaina-dilatador muy favorable y un
recubrimiento hidrofilico que facilita su avance a través de la fuga, o las vainas
Sheathless Eucath® (Asahi Intec, Aichi, Japén). Ambas tienen un diametro
externo menor que las vainas Amplatzer para el mismo diametro luminal. Otro
factor a considerar es la longitud de las vainas: para cruzar FPV mitrales por via
anterograda suele ser suficiente utilizar vainas de 80 cm pero para tratar FPV
aorticas desde un acceso femoral se requieren vainas de 120cm de longitud.

Si se decide implantar multiples dispositivos, tras avanzar la vaina y retirar su
dilatador se debe avanzar una segunda guia hidrofilica y crear otro asa
arteriovenosa (0 una guia de alto soporte). A continuacidn se retira
completamente la vaina y se reintroduce sobre uno de los 2 circuitos. Esta
maniobra también suele realizarse en casos de FPV mitrales en los que se
planea implantar un solo dispositivo pero que debido a la dificultad para cruzar la
fuga quiera disponerse de una segunda guia “de seguridad”. Con los dos
circuitos creados se debe decidir realizar el implante simultaneo de los dos
dispositivos, con una vaina sobre cada circuito, o implantarlos secuencialmente
con la posibilidad de usar una sola vaina (si el tamafo de los dispositivos lo
permite). En este ultimo caso, se recomienda no liberar definitivamente el primer
dispositivo hasta que el segundo haya sido implantado porque el avance de la
vaina sobre la segunda guia podria provocar la migracion del primero(37).

SELECCION DEL DISPOSITIVO

Son muchos los dispositivos utilizados para el cierre transcatéter de FPV aunque
la gran mayoria no han sido disefiados para este propdsito. Las FPV suelen
tener morfologias muy diversas y trayectos mas tortuosos e irregulares que
circulares por lo que no existe un dispositivo perfecto para todas las fugas. Los
dispositivos de Amplatzer, de forma circular o eliptica, son actualmente los mas
utilizados pero recientemente Occlutech ha presentado una gama de dispositivos
con forma cuadrada y rectangular, que son los unicos aprobados
especificamente para el cierre transcatéter de FPV. Para seleccionar el/los

dispositivo(s) se debe tener en consideraciéon fundamentalmente el tamafo y la
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forma de la FPV (generalmente basandonos en los hallazgos del ETE 2D/3D)

pero también el numero de dispositivos que se pretenden implantar y su

compatibilidad con las distintas vainas de liberacion (Figura 8; Tablas 4 y 5).

Figura 8. A) Amplatzer Vascular Plug (AVP)-3; B) AVP-2; C) AVP-4; D) Amplatzer Duct Occluder
(ADO); E) Amplatzer Atrial Septal Occluder (ASO); F) Amplatzer muscular Ventricular Septal
Defect (mVSD) occluder; G) Occlutech Paravalvular leak device, con sus morfologias rectangular
y cuadrada (square) y las configuraciones de la conexion “W” (waist) y “T” (twist).

El Amplatzer Vascular Plug (AVP) Il es el dispositivo mas utilizado en Estados
Unidos mientras que en Europa se tiende a utilizar el AVP IllIl. Para las fugas
redondeadas suele utilizarse el AVP Il. Es el dispositivo que mayor variedad de
tamano ofrece (de 3 a 22mm), siendo los discos del mismo diametro que la
cintura. Ademas, como el resto de dispositivos circulares, tiene la ventaja de que
requieren vainas de menor calibre que los dispositivos elipticos del mismo
tamano, con lo que son de utilidad en casos de avance dificultoso del catéter de
liberacion. Por el contrario, el AVP Il tiene la limitacién que los discos y la cintura
no forman un continuo, sino que estan unidos por conectores. Ello condiciona
que el dispositivo tenga una gran longitud que puede provocar oclusion de los
ostia coronarios en casos de FPV aorticas.

Para tratar fugas ovoideas, frecuentemente mitrales, se prefiere utilizar el AVP
lll. En este dispositivo, los discos (entre 4 y 14mm) son de mayor tamafo que la
cintura (entre 2 y 5mm) y su partes forman un continuo con lo que su longitud
total es mas reducida. Ademas, su morfologia eliptica permite alinear su eje
mayor a la circunferencia del anillo para minimizar el riesgo de interferencia con

el movimiento de los discos en los casos de FPV sobre préotesis mecanicas.
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Tabla 4. Dispositivos Amplatzer utilizados para el cierre transcatéter de fugas

paravalvulares

- \ Diferencia Tamafio
Tamaiio Longitud . . . .
(mm) (mm) disco — cintura vaina Morfologia
(mm) (Fr)
AVP I 3-22(A) 6-16 (B) - 4-7
Eje largo
(A):
AVP 1l 6,5 (C) 2 4-7
4-14
Eje corto
AVP IV 4-8(A) 10-13,5(B) - 4-5
Distal (D):
12-16
ASO 4 -40 (A) 3-4(B) 6-12
Proximal (C):
8-10
mVSD 4-18 (A) 7 (C) 8 (B) 5-9
Distal (C):
5-16 5/4 - 8/6: 4
ADO 5-8 (D) 5-7
Proximal(A): 10/8 - 16/14: 6
4-14

ADO: Amplatzer Duct Occluder; ASO: Amplatzer (atrial) Septal Occluder; AVP: Amplatzer Vascular

Plug; mVSD: Amplatzer muscular Ventricular Septal Defect occluder.

Los dispositivos Occlutech ofrecen una gama de dispositivos cuadrados

(equivalentes a los circulares de Amplatzer) o rectangulares (equivalentes al

AVP lll) con dos tipos de conexiones (“Waist” : con cintura y, “Twist”. sin cintura).
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Tabla 5. Dispositivos Occlutech PLD utilizados para el cierre transcatéter

de fugas paravalvulares

Disco

Disco

Cintura Tamaiio i
distal proximal . Morfologia
(mm) vaina (Fr)
(mm) (mm)
Rectangular 4x2—
11,5-285| 10-26,5 6-10
“w» 18 x 10
Rectangular
13-21 11,5-19 - 6-9
“T”
4x4-—
Square “W” 13-17 11,5-16 6-7
7x7
Square “T” 11,5-17 10-16 - 6-7

PLD: Paravalvular leak device; “T”: twist; “W”: waist.

2.2. Resultados

La eficacia y seguridad del tratamiento transcatéter de FPV han sido reportadas

en varios estudios y en algun registro multicéntrico(11, 12, 38-41). El éxito

técnico, definido como la correcta liberacion de un dispositivo oclusor a través de

la FPV sin dejar una regurgitacion residual significativa ni provocar interferencia

con el funcionamiento protésico, varia entre el 77% y el 86%. A la definicidon de

éxito del procedimiento (o éxito clinico) se le afiade la mejoria de la clase

funcional en al menos un grado en la escala de la NYHA, y varia entre un 67% vy

un 77%. Los procedimiento fallidos se deben generalmente a la incapacidad de

cruzar la fuga o a la interferencia del dispositivo con la prétesis valvular.
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2.3. Complicaciones

En las mayores series publicadas las complicaciones son escasas, con tasas de
mortalidad e ictus embdlico inferiores al 2% y complicaciones vasculares del
0.9%(12, 13). En el registro espariol, el 80.2% de los pacientes no presentaron
ninguna complicacién siendo las complicaciones mas frecuentes las vasculares y
el sangrado menor (8.6%). La combinacién de mortalidad por cualquier causa,
ictus embdlico o requerimiento de cirugia urgente a los 30 dias fue del 5.6 %(39).
El acceso transapical anade riesgo de hemotérax y, raramente, de lesion
coronaria, infarto agudo de miocardio, taponamiento cardiaco y neumotorax(36).
La Tabla 6 muestra las complicaciones especificas del procedimiento de
reduccion transcatéter de FPV. Una de las complicaciones mas temidas es la
interferencia dinamica de los discos de la protesis por el dispositivo. En el caso
de protesis mecanicas las interferencias se pueden detectar faciimente
realizando diferentes angulaciones de la escopia (Figura 9). Las bioprétesis, en
cambio, requieren un examen exhaustivo por parte del ecocardiografista para
detectar un incremento del gradiente transvalvular o la aparicion/aumento de una

insuficiencia intraprotésica.
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Tabla 6. Complicaciones especificas del cierre transcatéter de fugas

paravalvulares

Necesidad de conversion a cirugia abierta

Interferencia protésica
. Evidencia fluoroscopica o ecocardiografica de una nueva, parcial o
completa, interferencia de un velo o disco protésico por el dispositivo de

cierre tras su liberacion

Obstruccion coronaria
. Evidencia angiografica o ecocardiografica de una nueva, parcial o
completa, obstruccion de un ostium coronario por el dispositivo tras su

liberacion

Endocarditis sobre la valvula o dispositivo

Cualquier de los siguientes criterios:
. Cumplimiento de los criterios de Duke
. Evidencia de absceso, nueva fuga paravalvular, pus o vegetacion
secundario/a a infeccion por hallazgos histolégicos o bacteriologicos
durante re-operacion
. Hallazgos de absceso, pus o vegetacion a nivel de la valvula en la

autopsia

Trombosis de la valvula o dispositivo

. Cualquier trombo adherido o cerca de un dispositivo implantado que
obstruya el flujo sanguineo a través de la valvula, interfiera con el
funcionamiento de la protesis o sea de un tamafo suficientemente grande

como para requerir tratamiento.

Dehiscencia protésica

Complicacién secundaria a la puncion transeptal

Aparicion o empeoramiento de hemolisis
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Figura 9. Dispositivo AVP-IIl implantado en una FPV adrtica interfiriendo con
el disco protésico. A) En sistole no hay interferencia. B) Interferencia del
dispositivo con el cierre del disco en diastole. Ausencia de interferencia con
el disco protésico ni en sistole (C) ni en diastole (D) al cambiar el dispositivo
por un ADO.

Cuando un dispositivo emboliza fuera del ventriculo izquierdo generalmente
sobrepasa los grandes vasos supraodrticos y se suele anclar a nivel iliofemoral
donde, en la mayoria de los casos, puede retirarse mediante técnicas
transcatéter usando lazos o biotomos. Para poder recuperar un dispositivo
percutaneamente se recomienda incrementar en 2F el tamafio de la vaina que
requiere el dispositivo para el implante.

Es importante recordar que un 5-10% de los pacientes requeriran un segundo
procedimiento por presencia de fuga significativa durante el seguimiento. En el
caso de que el dispositivo previo parezca inestable (“rocking”) conviene
asegurarlo con un lazo para evitar su embolizacion antes de cruzar la fuga

residual para el nuevo implante.
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Por ultimo, en el caso de las fugas adrticas se debe contemplar el riesgo de
oclusion coronaria. Si la fuga se localiza en uno de los senos coronarios, se
planea utilizar un dispositivo de gran tamafo o la arteria coronaria tiene un
origen bajo, préximo a la valvula, es conveniente proteger la arteria mediante un
catéter guia y realizar coronariografias hasta la liberacién del dispositivo (Figura
10).

Figura 10. La coronariografia muestra ausencia de oclusién
coronaria por el dispositivo.

2.4. Tratamiento médico postprocedimiento y seguimiento

En aquellos pacientes que estén previamente bajo tratamiento anticoagulante
(p.€j. protesis mecanicas) se aconseja proseguir con la misma pauta sin afadir
ningun tratamiento antiagregante plaquetario. En pacientes sin criterios de
anticoagulacién se suele pautar doble tratamiento antiplaquetario (habitualmente
aspirina y clopidogrel) durante al menos 3 meses aunque no existe evidencia

cientifica en la actualidad para recomendar la terapia a seguir. En el tratamiento
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de otras patologias como la fibrilacion auricular la doble antiagregacion demostro
un incremento significativo del sangrado y una ligera reduccion de los eventos
isquémicos(42). Por ello, teniendo en cuenta que los pacientes con FPV suelen
presentar un alto riesgo de sangrado, recomendamos la pauta con
antiagregacion simple.

Tras la evaluacion basal postprocedimiento (< 30 dias) se recomienda una
valoracién anual de los pacientes para determinar el éxito del procedimiento
durante el seguimiento, que debe incluir una evaluacion clinica (clase funcional),
un analisis sanguineo y un estudio ecocardiografico. El analisis de sangre
deberia incluir parametros de hemdlisis junto con biomarcadores como el NT-
proBNP. Como sucedia en el estudio diagnostico, las fugas aorticas se suelen
poder evaluar adecuadamente por ecografia transtoracica pero en caso de las
mitrales, si existe una duda diagnostica (ausencia de mejora clinica del paciente)
es necesario recurrir a la ecocardiografia transesofagica. Se ha sugerido que la
endotelizaciéon de los dispositivos a lo largo del tiempo podria ayudar a una
mayor reduccion de la fuga durante el seguimiento pero, puesto que la
endotelizacion de estos dispositivos expuestos a un alto flujo es muy lenta y en

ocasiones inexistente, rara vez se observa tal reduccion tardia(43).
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Justificacién

Tal y como reflejan las guias de practica clinica mas recientes sobre el manejo
de la patologia cardiaca valvular, la experiencia global con el tratamiento
transcatéter de fugas paravalvulares es limitada (se basa en estudios
unicéntricos sin seguimiento clinico a largo plazo) y no existe suficiente

evidencia cientifica que demuestre una consistente eficacia de la técnica(44).
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Hipotesis general
Las técnicas transcatéter mejoran la sintomatologia y supervivencia de los
pacientes con fugas paravalvulares y asimismo reducen la morbimortalidad en

comparacion con el tratamiento quirurgico.
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5.1. Estudio 1: El tratamiento transcatéter de las fugas

paravalvulares

Hipétesis: El tratamiento con éxito de fugas paravalvulares mediante técnicas
transcatéter se asocia a un beneficio clinico de los pacientes, con una mejoria de
la supervivencia, de los sintomas de insuficiencia cardiaca o anemia hemolitica y

a un menor requerimiento de reintervenciones quirurgicas.

Objetivos:

. Objetivo principal: Medir la asociacidn entre el éxito del tratamiento
transcatéter de fugas paravalvulares y la mortalidad cardiaca.

. Objetivos secundarios: Medir la asociacion entre el éxito del tratamiento
transcatéter de fugas paravalvulares y la mejoria sintomatica (insuficiencia
cardiaca o anemia hemolitica) y el requerimiento de cirugia cardiaca durante el

seguimiento.

5.2. Estudio 2: Correccidon quirurgica vs. reduccion transcatéter

de fugas paravalvulares
Hipétesis: El tratamiento quirdrgico en pacientes con fugas paravalvulares
significativas refractarias al tratamiento médico ofrece un beneficio clinico a largo

plazo en comparacion con el tratamiento transcatéter.

Objetivos:

. Objetivo principal: Comparar la incidencia de muerte por cualquier causa
o ingreso por insuficiencia cardiaca en pacientes con fugas paravalvulares
sometidos a tratamiento quirurgico o transcatéter

. Objetivo secundario: Comparar la incidencia de muerte por cualquier
causa en pacientes con fugas paravalvulares sometidos a tratamiento quirurgico

o transcatéter.
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6.1. Articulo 1

Transcatheter reduction of paravalvular leaks: A
systematic review and meta- analysis.
The Canadian Journal of Cardiology. 2015;31(3):260-9.
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Gonzalez |, Arzamendi D, Serra A, Kliger C, Sia YT, Asgar A, Ibrahim R,
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ABSTRACT

Background: Significant paravalvular leak (PVL) after surgical valve
replacement can result in intractable congestive heart failure and
hemolytic anemia. Because repeat surgery is performed in only few
patients, transcatheter reduction of PVL is emerging as an alternative
option, but its safety and efficacy remain uncertain. In this study we
sought to assess whether a successful transcatheter PVL reduction is
associated with an improvement in clinical outcomes.

Methods: We identified 12 clinical studies that compared successful
and failed transcatheter PVL reductions in a total of 362 patients. A

Paravalvular leak (PVL) after surgical valve replacement
originates from an incomplete seal between the prosthetic
sewing ring and the native valve annulus, related to calcifi-
cation, infection, or suboptimal surgical technique or pros-
thetic sizing." PVL of various severities have been detected
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RESUME

Introduction : Une importante fuite paravalvulaire (PVL) suite a une
chirurgie de remplacement valvulaire peut entrainer une insuffis-
ance cardiaque réfractaire et une anémie hémolytique. Comme il
est assez rare qu’une réopération soit effectuée, la suppression de
PVL par une procédure transcathéter devient une option alterna-
tive, mais son innocuité et son efficacité restent incertaines. Dans
cette étude, nous avons cherché a déterminer si une réduction
d’'une PVL par transcathéter est associée a une amélioration des
résultats cliniques.

in up to 17.6% of the aortic and 22.6% of the mitral valve
replacements and patients with symptomatic PVL have a
mortality rate comparable with lung cancer.”” Surgical
correction is currently the gold standard therapy for symp-
tomatic PVL and is typically performed in patients with
severe congestive heart failure (CHF) and/or refractory he-
molytic anemia. Repeated surgeries are associated with a
high rate of PVL recurrence and with a higher mortality rate
than the index procedure. For this reason, only a minority of
patients undergo a surgical correction, leaving a large
number of individuals with the need for alternative
therapies.”®

0828-282X/© 2015 Canadian Cardiovascular Society. Published by Elsevier Inc. All rights reserved.
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Bayesian hierarchical meta-analysis was performed using cardiac
mortality as a primary end point. The combined occurrence of
improvement in New York Heart Association functional class or he-
molytic anemia and the need for repeat surgery, were used as sec-
ondary end points.

Results: A successful transcatheter PVL reduction was associated with
a lower cardiac mortality rate (odds ratio [OR], 0.08; 95% credible
interval [Crl], 0.01-0.90) and with a superior improvement in functional
class or hemolytic anemia, compared with a failed intervention (OR,
9.95; 95% Crl, 2.10-66.73). Fewer repeat surgeries were also observed
after successful procedures (OR, 0.08; 95% Crl, 0.01-0.40).
Conclusions: A successful transcatheter PVL reduction is associated
with reduced all-cause mortality and improved functional class in pa-
tients deemed unsuitable for surgical correction.

In 1992, Hourihan et al. first described the potential of
transcatheter PVL reduction to improve survival and quality
of life in patients deemed unsuitable for repeat surgery.” The
interest for transcatheter PVL reduction is exponentially
growing but the global experience remains limited to sin§le—
centre experience with varying procedural success rates.'” *°
Uncertainties persist on the benefits and risks associated
with this technique, which precludes an appropriate case se-
lection. To our knowledge, no group has previously system-
atically reviewed these data. In the present study we sought to
assess the association between transcatheter PVL reduction
and clinical outcomes including death, improvement in heart
failure or hemolytic anemia, and requirements for repeat
surgery. To this end, we systematically reviewed the literature
for randomized trials and nonrandomized studies and per-
formed a meta-analysis to appraise the feasibility, efficacy, and
safety of transcatheter PVL reduction in symptomatic
patients.

Methods
Objective

In this present analysis we sought to evaluate the rela-
tionship between a successful transcatheter PVL reduction and
clinical outcomes. More specifically, the in present analysis we
planned to estimate the odds ratios (ORs) for cardiac mor-
tality (primary end point), for improvement in functional class
or hemolytic anemia, and for the reduction in repeat surgery
(secondary end points).

Identification of studies

Randomized trials are the preferred source of data for meta-
analysis. However, considering the emerging nature of trans-
catheter PVL reduction and to obtain an appropriate
reflection of the global experience we also accounted for
nonrandomized studies. Studies that reported immediate and
long-term clinical outcomes for successful and failed trans-
catheter PVL reduction were considered for the systematic

66

Xavier Millan Alvarez

261

Méthodes : Nous avons identifié 12 études cliniques qui comparaient
les réductions réussies ou infructueuses de PVL par procédure trans-
catéther sur un total de 362 patients. Une méta-analyse hiérarchique
bayésienne a été réalisée en utilisant la mortalité cardiaque comme
point d’aboutissement principal. Une amélioration de la classe fonc-
tionnelle de la New York Heart Association ou d’'une anémie
hémolytique et la nécessité d’une réopération, ont été utilisés comme
critéres secondaires.

Résultats : Une réduction réussie de PVL par procédure transcathéter
a été associée a un taux plus faible de la mortalité cardiaque (ratio
d’incidence approché [RIA] 0,08; intervalle de crédibilité [Crl] & 95 %,
0,01 - 0,90) et a une amélioration de la classe fonctionnelle ou d’une
anémie hémolytique (RIA 9,95; Crl & 95 %, 2,10 - 66,73). Moins de
réopérations ont également été observées aprés des procédures
réussies (RIA 0,08; Crl a 95 %, 0,01 - 0,40).

Conclusions : Une réduction significative de PVL par procédure
transcathéter est associée a une mortalité réduite, toutes causes
confondues, et & une amélioration de la classe fonctionnelle chez les
patients jugés inaptes a une réopération.

review. No restrictions were applied with regard to language,
sample size, technical approach (anterograde/transseptal,
retrograde arterial, or transapical), or the type of device used.

Studies were searched (June 2014) using MEDLINE,
EMBASE, and CENTRAL. Search strategies included the
Medical Subject Heading term and text word searches
(Supplemental Table S1). We manually searched reference lists
of relevant studies for additional publications and we screened
relevant abstracts to see whether they were followed by a
complete publication. To this end, the American College of
Cardiology, American Heart Association, European Society of
Cardiology, Euro-PCR, Transcatheter Cardiovascular Thera-
peutics, Society for Cardiac Angiography and Interventions,
and Canadian Cardiovascular conference proceedings were
queried from the years 2008 to 2014. In addition, trial registers
including the World Health Organization International Clin-
ical Trial Registry Platform, clinicaltrials.gov, the ISRCTN
(International Standard Registered ~Clinical/Social =~ Study
Number) register, and the MetaRegister were searched for
ongoing or completed studies with potential publication. Pre-
liminary reports were excluded from the systematic review.
Relevant studies were reviewed to exclude duplicate reports and
selected articles were read entirely. When multiple publications
from the same study population were found, the one with the
largest sample or the longest follow-up was selected. In case of
incomplete data in published studies, authors were contacted
and asked for missing information.

Data abstraction and quality assessment

To avoid that knowledge of the results biased the percep-
tion of the methods’ quality, data from the methods and re-
sults sections were abstracted on separate forms. To reduce
bias, 2 independent abstractors (X.M. and S.S.) independently
extracted variables describing the study population, the pro-
cedural characteristics, and clinical outcomes. A third reviewer
(E.-M.].) resolved discrepancies between abstractors. At all
times, abstractors were blinded to information believed to
possibly influence their judgement (authors, titles, journal,
institution, or country of origin).
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For each selected randomized trial, the general quality of
reporting of information was assessed using the validated
criteria proposed by Jiini et al.”” For each selected non-
randomized study, the general quality of reporting of infor-
mation was initially assessed using the Strengthening the
Reporting of Observational Studies in Epidemiology
Consensus Statement.”® The specific risk of bias in non-
randomized studies was concomitantly assessed using the
Newcastle-Ottawa scale for cohort studies”” and a modifica-
tion of the validated checklist proposed by Downs and Black™
(Supplemental Table S2). For each study, an independent
quality score was given for the assessment of procedural suc-
cess, death, and clinical improvement.

Data were collected on a customized form adapted from
the Cochrane collaboration data collection form for non-
randomized studies.”’ Information included the study design,
confounding factors, comparability between groups at base-
line, methods used to adjust for confounding, and effect es-
timate. The quality of studies was not used to adjust their
weight in the meta-analysis. Instead, quality is reported as an
indicator of external validity.

The reports of the methods presented in this report are
compliant with the Meta-analysis Of Observational Studies
in Epidemiology consensus statement for nonrandomized
studies’” and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, an update of the Quality of
Reporting of Meta-analyses (QUOROM) guid/elines for

. . . 33,34
reportlng systematlc IEeVIEWS and meta-analyses.

Clinical and end point definitions

For the present analysis, a successful PVL reduction was
defined as the delivery of a reduction device free of mechanical
prosthesis interference and resulting in an immediate >1-
grade regurgitation reduction. Alternatively, technical suc-
cess, defined as the successful delivery of a reduction device
(irrespective of PVL reduction obtained), was used for sensi-
tivity analyses.

Change in regurgitation grade was quantified using trans-
thoracic echocardiography and bi- or tridimensional trans-
esophageal echocardiography, as specifically detailed by
investigators (see Supplemental Table S3 for study-specific
criteria).

Death was abstracted as cardiac vs noncardiac. Cardiac
death included causes such as tamponade, cardiogenic shock,
CHF, transplantation, myocardial infarction, prosthesis
endocarditis, vascular access site complication, malignant
ventricular arrhythmias, and sudden death.

Improvement in CHF was defined as a reduction of > 1
grade on the New York Heart Association (NYHA) functional
class scale and improvement in hemolytic anemia was defined
as a decrease of transfusion requirements or significant
improvement on hemolytic parameters, quantified according
to hemoglobin/hematocrit, lactate dehydrogenase, reticulo-
cyte/schistocyte count, or bilirubin.

Statistical analysis

We used a Bayesian hierarchical meta-analysis model to
account for possible variations in methods, patient charac-
teristics, and other differences that are likely to occur espe-
cially across nonrandomized studies, which might affect the
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ORs estimated.” At the first level of the hierarchical model,
the probability of an event varies within each group and across
studies. To model this between-study variability, the loga-
rithms of the ORs of each outcome were assumed to follow a
normal distribution. The mean of the normal distribution of
log ORs across studies represents the average effect within
each study, and the variance represents the degree to which
the ORs vary across studies. Diffuse previous distributions
were used throughout, so that the data drove the final in-
ferences. Specifically, we used normal densities with mean
zero and variance of 100,000 or larger for all mean parame-
ters, and a uniform distribution with range (0-5) for the be-
tween study standard deviation, measured on a log scale. This
latter parameter implies that the 95% range of the ORs
(approximately 4 times the SD) is 20 on a log scale, meaning
that ORs from exp(—20) to exp(20) are accommodated; an
extremely wide range. We report the posterior median and
95% credible interval (Crl) for this between-study standard
deviation on the log odds scale. A posterior density concen-
trating near zero would be evidence that a fixed model might
suffice, and any other posterior density indicates important
heterogeneity is likely present and hence a random effects
model is to be preferred. A particular study did not account
for an outcome when no events were possible in either the
successful or the failure group. For this reason, variable group
sizes were obtained for each outcome. WinBUGS software
(version 1.4.3, MRC Biostatistics Unit, Cambridge, UK) was
used for analyses. We ran 5000 burn-in iterations to ensure
convergence of the Markov chains and a further 50,000 it-
erations to obtain highly accurate posterior estimates. No
convergence problems were detected in any of the analyses.
Forest plots were produced to display the ORs and 95% Cirls
for all major outcomes considered in our meta-analysis. Crls
are the Bayesian analogues to frequentist confidence intervals.
Our Bayesian hierarchical model is similar in nature to a
frequentist random effects meta-analysis model, and with our
use of the factors already mentioned herein, should return
numerically similar interval estimates.

Sensitivity analyses

For the primary analysis, procedural success (device de-
livery and reduction in regurgitation volume) was used to
dichotomize patients between successful vs failed PVL
reduction. Because the delivery procedure itself bears a sig-
nificant risk, we also performed a sensitivity analysis in which
technical success (device delivery vs no device delivery) was
used to dichotomize patients into treatment groups. This
analysis was believed necessary to better reflect the risk to
benefit ratio conferred by the attempted intervention alone.

Results

Search results

Initial searches of randomized controlled trials and non-
randomized studies retrieved 58 and 553 reports respectively,
most of which were on nonrelated topics. As shown in
Figure 1, the initial screening retrieved 68 unique reports. A
manual search of conference proceedings retrieved 1 addi-
tional report.'" An important proportion of excluded reports
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Search strategy for
Randomized Controlled Trials:

58 Reports identified in initial

search

56 Reports excluded
(nonrelated topics)

2 Reports selected for review ]

Search strategy for
Nonrandomized Studies:

553  Reports identified in initial

search

485 Reports excluded

(nonrelated topics)

I 68 Reports selected for review

\ |

68 Unique results

Ll

1 Secondary publication from
abstracts (manual search)

57 reports excluded:
* 32 preliminary reports

4

* 16 methods report
*  9substudies (same research group)

12 original contributions
included in the meta-analysis
(12 nonrandomized studies)

Figure 1. Flow diagram of eligible studies that compared successful vs failed procedures of transcatheter paravalvular leak reduction.

were abstracts. Additional reports were excluded because
procedural details and follow-up information were not avail-
able (n = 16). A total of 12 nonrandomized studies were
included in the systematic review. No randomized trials were
retrieved. The interabstracter agreement on study eligibility
was 100%.

Study characteristics

The characteristics of the study populations are shown in
Table 1. A total of 362 patients were included in the analysis,
with 213 men (59%) and 149 women (41%). The mean age
varied from 62 to 75 years. The primary indications for PVL
reduction were CHF (51%), hemolytic anemia (10%), or
both (39%). As shown by Society of Thoracic Surgeons scores
and logistic Euroscores, most patients were deemed poor
candidates for repeat surgery because of numerous previous
open-chest surgeries and multiple comorbid conditions (see
Supplemental Table S4 for study-specific inclusion/exclusion
criteria and surgical risk assessment). Despite the eventual
severity of symptoms, all procedures were performed elec-
tively, with no emergent interventions described.

Technical and procedural characteristics are summarized in
Table 2. PVL s were most frequently located at the mitral

68

position (70%). Mechanical and biological prostheses were
similarly represented. Aortic PVL reductions were most
frequently attempted using a retrograde approach (via the
femoral arteries), and the mitral PVL reductions were most
frequently attempted using an anterograde approach (via
transseptal puncture). In 31 patients with mitral PVL, the
reduction procedure was attempted using a transapical
approach. Globally, procedural success was achieved in 76.5%
of cases, ranging from 29.6% to 100%. Likewise, technical
success was achieved in 86.5% of cases, ranging from 62.5%
to 100% (Fig. 2A).

With respect to leak position, mitral transcatheter PVL
reduction was performed in 274 patients with a technical
success rate of 82.3% and a procedural success rate of 73.3%.
When information was available, authors reported success
rates of 100% in mitral leaks attempted via a transapical
approach, compared with technical and procedural success
rates of 78.4% and 66.4%, respectively, obtained in the
classical anterograde or retrograde approaches. Eighty-eight
patients underwent aortic procedures, with technical and
procedural success rates of 86.9% and 84.1%, respectively
(Fig. 2B).

Because no specific device is formally labelled for PVL
reduction, many devices of the Amplatzer occluders/plugs
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% & o family currently used for the closure of other anatomical de-
S T‘ — ate o fects were used. The device most commonly used was the
g LT N~ oz Amplatzer Duct Occluder, in 26% of the procedures. How-
o ever, in the most recent publications, the Amplatzer Vascular
3, Plug III was the most used device. More than 1 device was
= , required in 66 patients (18%).
E I feo = ~ZZR ca-g According to the high mortality risk of the global cohort,
T% = 22.7% (72 patients) died during a variable follow-up, of
2 whom 18 patients died from cardiac causes. Twelve per cent
. p . . p
g, of patients (6 of 50 patients) presented cardiac death after a
S|, 2s2 " failed procedure but only 5.7% (12 of 210) died after a
) ! AR Sol™ ZzZ3Y successful procedure.
e - The combined end point of improvement in NYHA
< functional class or hemolytic anemia was achieved in 71.0% of
o . y . .
;"’G L patients (137 of 193) with a successful procedure and in
SR | z =2 ™ 28.4% of patients (21 of 74) after a suboptimal transcatheter
S oG} R p P
2 ! & A PR ° ZERZ PVL reduction.
=z When data were reported, 6.8% of patients with successful
- procedures (17 of 250 patients) required surgical reinterven-
Z o tion during follow-up, compared with 31.8% of patients (21
il gEq= AT of 66 patients) after a failed procedure.
N O \O N N
=] AN .
g~ Results of the meta-analysis
A !
< A successful PVL reduction was associated with a lower
== g cardiac mortality rate compared with a failed reduction (260
SR bs SEST 2228 ients; OR, 0.08; 95% Crl, 0.01-0.90; Fig. 3A). A positi
S - oEL 5 0 g patients; , 0.08; 95% Cirl, 0. .90; Fig. 3A). A positive
EN 2 '_ Z Z| . .
Tl =TT R - 3 tendency toward lower all-cause mortality was also observed in
2l 2 g successful procedures (311 patients; OR, 0.52; 95% Crl,
0 s 0.09-1.74). The posterior standard deviation was estimated to
=3 =R~ . = be 0.79 (95% Cirl, 0.04-3.79), indicating a high probability of
— D~ — . . . . ..
;; s e ‘Z;E’ i szzyl: clinically 1IT1portant.between-st.udy variability. .
s @ o -2 A superior functional class improvement or improved he-
£ 3 molytic anemia was observed in successful compared with
— 5 oly . . P
o _ £ failed PVL reductions (267 patients; OR, 9.95; 95% Ctl,
S [« cse e o 2.10-66.73; Fig. 3B). This effect was mostly driven by an
ST TS Zzaql s = chD .g' : . .
=1 i ENERS D - improvement in NYHA functional class (192 patients; OR,
~ g 72.24; 95% Crl, 5.09-693). Wide Crls for the estimated ef-
S, ~ < fect of PVL reduction on hemolysis alone (35 patients; OR,
g2 @ =55 o Y A .
A= BT IR S83 . & £ NE £\ 2.22; 95% Cil, 0.06-194) preclude definitive conclusions.
EEICH I S~ e Procedurally successful transcatheter PVL reduction was
Z 4 . y . . . .
5 also associated with fewer surgical reinterventions (316 pa-
s = : & ; p
=2 B tients; OR, 0.08; 95% CrI, 0.01-0.40; Fig. 3C).
o S . .
28% | FED oo z The results of the sensitivity analysis showed that technical
2805 L8 Zzwne|< success (appropriate device delivery regardless of the grade of
£ o - T . . : ,
g8 = PVL reduction) was also associated with a combined
O3 = improvement in functional class or hemolytic anemia (162
~ £ atients; OR, 30.96; 95% Crl, 5.31-224). Nevertheless,
PN N C) I P . . . L
£ lez [0 & oo g technical success was not associated with a significantly lower
O g N g rate of cardiac mortality (132 patients; OR, 0.08; 95% Cil,
. o 0.003-1.91).
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8 S T RSN Elagl|E
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] B ERS R DR I Discussion
2 GG < .
& T g Results of the present analysis suggest that a successful
g 3 o= transcatheter PVL reduction reduces cardiac mortality and
© 5> > 2 E| o . . . . . ty
S = 255 225 improves functional class in highly symptomatic patients
g 8 x5 & %; &'y deemed unsuitable for surgical correction. In appropriately
Q woa 2 2 “ T < .
a ek §  EE g 2z 2|8 g g selected cases, transcatheter reduction of PVL can be
o g|é §§ g E . %-% ki 227 E = —28 attempted safely and with a technical success rate of 86.5%
2 £ %%% - 5 e ‘gé g ° E[_g g 0| O e (and improvement in regurgitation grade in > 75% of
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MITRAL AND AORTIC SUCCESS RATES

OVERALL SUCCESS RATES

® Mitral Procedures
® Aortic Procedures

| Technical | Procedural
®Failed | 49 | 85 20%
& Successful | 313 | 2717

Technical success Procedural Success

Figure 2. (A) Overall procedural and technical success rates. (B) Procedural and technical success rates in mitral and aortic paravalvular leaks.
Technical success is defined as successful delivery of a reduction device (irrespective of paravalvular leak reduction obtained); procedural success is
defined as delivery of a reduction device free of mechanical prosthesis interference and resulting in an immediate grade >1 regurgitation reduction.

A CARDIAC MORTALITY B IMPROVEMENT IN FUNCTIONAL CLASS OR HEMOLYSIS
Failed Successful Odds Ratio Odds Ratio Failed Successful 0Odds Ratio 0Odds Ratio
Clinical Studies: n/Mm n/M (95% Crl) (95% Crl) Clinical Studies: n/M n/M (95% Crl) (95% Crl)
Hein et al., 2006 2/2 3/19 —_—— 0.028 (0.001 t0 0.532)  Hein et al., 2006 0/2 14/19 —eo—> 16.21(2.118 t0 505.3)
Garcia et al., 2009 0/4 0/4 ————o—1— 0.084 (0.002t05.239) Cortés et al., 2008 4/19 7/8 —o—  17.89(3.753 10 203.1)
Ruiz et al., 2011 1/8 0/35 —— 0.039 (0.001t0 0.883)  Garcia et al., 2009 2/4 3/a T— 7.057 (0.607 to 81.5)
Sorajja et al., 2011 3/30 9/96 —o— 0.708 (0.194 10 3.188)  Sorajja et al., 2011 12/30 64/96 -o- 3.655(1.541109.12)
Boccuzzi etal, 2013 0/1 0/11 ———o——  0.064 (0.001t03.149) Boccuzzi et al., 2013 1/1 9/11 5.065 (0.083 to 55.88)
Smolka et al. (aortic), 2013 0/2 0/15 ———  0.066(0.001t0 2.891) Noble etal,, 2013 2/16 27/40 ¥ 12.95 (3.811 t0 73.83)
Cruzetal, 2014 0/3 0/30 ————te 0.062 (0.001 to 2.55) Smolka et al. (aortic), 2013 0/2 13/15 —o—> 20.82(2.813 t0 551.5)
Total 6/50 12/210 i 0.079 (0.005 t0 0.901)  Total 21/74 137/193 —— 9.953 (2.097 to 66.73)
A A A A
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Successful PVL  Failed PVL Failed PVL  Successful PVL
reduction better  reduction better reduction better  reduction better
C REPEAT SURGERY
Failed Successful Odds Ratio Odds Ratio

Clinical Studies: n/M n/M (95% Crl) (95% Crl)

Hein et al., 2006 1/2 2/19 —o— 0.095 (0.006 to 0.988)

Garcia et al,, 2009 1/4 0/4 0 0.072 (0.002 to 1.033)

Ruiz et al,, 2011 1/8 0/35 [— 0.056 (0.002 to 0.58)

Sorajja et al., 2011 9/30 7/96 —_ 0.156 (0.055 to 0.444)

Boccuzzi et al., 2013 0/1 1/11 ——eo—1— 0.145(0.008 t0 6.871)

Noble et al., 2013 6/16 7/40 —o— 0.242 (0.071 t0 0.935)
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Cruzetal, 2014 2/3 0/30 —_— 0.023 (0.001 to 0.244)

Total 21/66 17/250 —— 0.084 (0.01 to 0.398)
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Figure 3. Forest plot for (A) cardiac mortality in a comparison of successful vs failed transcatheter paravalvular leak (PVL) reductions; (B) functional
class or hemolysis improvement in a comparison of successful vs failed transcatheter PVL reductions; and (C) repeat surgery requirements in a
comparison of successful vs failed transcatheter PVL reductions. Crl, credible interval; M, number of possible events.
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These results have important research and clinical appli-
cations because of the increasing use of this procedure,
nowadays applicable to even the highest-risk patients. In the
following years, the success rates associated with percutaneous
PVL reduction rates are expected to improve thanks to op-
erators beyond their learning curve with more developed
techniques available. Several studies included in this meta-
analysis support the transapical approach as an alternative
access method when anterograde transseptal or retrograde
transaortic approaches are unsuccessful or technically chal-
lenging (eg, septal or posterior locations for mitral PVL).
However, it is multimodality imaging and the possibility to
fuse different imaging techniques that make transcatheter PVL
reduction a safer and more successful procedure.’® The lack of
devices specifically designed for this purpose has been
repeatedly mentioned, but the use of more appropriate ap-
pliances as the Amplatzer Vascular Plug I1I, with its capability
to fit elliptical-shaped vascular structures, has allowed recent
success rates as high as 94%."° Overall, the continuous
development of transcatheter PVL reduction provides the
potential to further advance this procedure.

The systematic review of the literature has highlighted
important disparities in the practice of this intervention on a
global scale: (1) the disagreement on the definition of success,
for which many studies focused on technical feasibility
regardless of the grade of PVL reduction achieved; (2) the
absence of standardized methods to quantify the severity of
PVL-related regurgitation with imaging; and (3) the variability
on outcomes assessment proven by the multiple definitions of
hemolysis improvement found among different studies. These
disparities would be best served by the creation of an academic
research consortium on the topic.

The incidence of PVL after surgical prosthesis implantation
has been known for years. Additionally, with the recent surge
in transcatheter aortic valve replacement and the upcoming
transcatheter mitral replacement,”” PVL is likely to reach
epidemic proportions in the years to come. Therefore, trans-
catheter PVL reduction could expand importantly in settings
after the transcatheter procedure. In the Placement of Aortic
Transcatheter Valves (PARTNER) trial, for instance, signifi-
cant PVLs were present in 12% of patients and its presence
independently predicted long-term mortality.”®*

Limitations and future directions

Information on transcatheter PVL reduction is limited
because of small sample sizes, lack of randomized data, vari-
able report rates, incomplete follow-up, and single-centre
retrospective nature of the data. This meta-analysis was per-
formed by abstracting data at the group level not at a patient
level. However, authors were contacted for clarification when
important data could not be abstracted directly from the
report. Besides, reports regarding success rates and follow-up
outcomes depending on the principal indication interven-
tion (heart failure or hemolysis) were incomplete, and the
available data did not allow a description of clinical end points
according to the prosthetic valve attempted (aortic vs mitral)
or its approach (anterograde transseptal, retrograde transaortic,
or transapical). Because the procedural risk is low, technical
failure (addressed in the sensitivity analysis) would be theo-
retically comparable with medical treatment, but this option
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was not included in the current study design and has not been
specifically assessed.

The small numbers of studies precluded accurate estima-
tion of the between-study variance, which led to wide Crls
across most of the outcomes, reflecting the probabilistic un-
certainty of the point estimates reported. Our results should
be taken with caution and are not meant to direct medical
practice.

Results of the present study demonstrate the need for
additional research to expand the emerging techniques of PVL
reduction. Our data offer an unprecedented insight into the
possible benefits and risks associated with this intervention,
and raises several unanswered questions, such as the differ-
ential effect of PVL reduction in mitral vs aortic position and
the appropriate case selection or timing for intervention.

To further the PVL reduction, these important questions
must be addressed by the creation of a patient-level data
register and a PVL academic research consortium. An inter-
national patient-level data register would allow a better un-
derstanding of the patient population, including the
development of a risk score specific to patients with PVL.
Such consortium would permit the unification on reporting of
outcomes and clinical assessment and the design of future
clinical investigations.

Conclusions

Results of the current study suggest that successful trans-
catheter PVL reduction is associated with a reduction in car-
diac mortality and functional class improvement in patients
unsuitable for surgical correction. An appropriately designed
multicentre trial is needed to confirm our findings regarding
this technique and to evaluate its efficacy in other subsets of
patients, especially in high surgical risk patients, compared
with surgical correction or medical treatment.
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ABSTRACT

OBJECTIVES This study sought to assess the relative merit of surgical correction (SC) versus transcatheter reduction
on long-term outcomes in patients with significant paravalvular leak (PVL) refractory to medical therapy.

BACKGROUND PVL is the most frequent dysfunction following prosthetic valve replacement. Although repeat surgery
is the gold standard, transcatheter reduction (TR) of PVL has been associated with reduced mortality.

METHODS From 1994 to 2014, 231 patients underwent SC (n = 151) or TR (n = 80) PVL correction. Propensity
matching and Cox proportional hazards regression models were used to assess the effect of either intervention on
long-term rates of all-cause death or hospitalization for heart failure. Survival after TR and SC were further compared
with the survival in a matched general population and to matched patients undergoing their first surgical valve
replacement.

RESULTS Over a median follow-up of 3.5 years, SC was associated with an important reduction in
all-cause death or hospitalization for heart failure compared with TR (hazard ratio: 0.28; 95% confidence
interval: 0.18 to 0.44; p < 0.001). There was a trend towards reduced all-cause death following SC
versus TR (hazard ratio: 0.61; 95% confidence interval: 0.37 to 1.02; p = 0.06). Neither intervention
normalized survival when compared with a general population or patients undergoing their first surgical
valve replacement.

CONCLUSIONS In patients with significant prosthetic PVL, surgery is associated with better long-term

outcomes compared with transcatheter intervention, but results in important perioperative mortality and morbidity.
Future studies are needed in the face of increasing implementation of transcatheter PVL interventions across

the world. (J Am Coll Cardiol Intv 2017;10:1959-69) © 2017 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS

HF = heart failure

NYHA = New York Heart
Association

PVL = paravalvular leak

SC = surgical correction

TR = transcatheter reduction

aravalvular leak (PVL) occurs after
valve replacement when there is an
incomplete apposition of the prosthe-
sis’s sewing ring to the native annulus PVL
occurs in 5% and 10% of patients following
mitral and aortic valve replacement,
respectively, and represents the most
frequent nonstructural valve dysfunction
(1,2). Although mild PVL could be asymptom-

atic, moderate-to-severe regurgitation is associated
with heart failure (HF), refractory hemolytic

anemia,

and a high long-term mortality (3). There-

fore, surgical correction (SC) of PVL is indicated
in these patients, as it has been associated with
improved event-free survival when compared
with conservative treatment (4,5).

SEE PAGE 1970

Recently, transcatheter reduction (TR) of PVL has
emerged as an alternative therapy for patients deemed
unsuitable for aredo surgery (6). In most single-center
series and registries, the procedure reduces the PVL
severity and has been associated with variable success

rates (7-

limited

11). Although the global experience with TR is
to nonrandomized studies, the available

evidence suggests that a successful procedure im-
proves survival and functional class when compared
with conservative treatment (12).

With

recent advances in transcatheter techniques

and the reduction in surgical mortality and morbidity
following repeat cardiac surgery, there is a lack of
evidence in the respective role of the surgical
and the transcatheter approaches to treat severe

PVL. In

addition, few studies have compared these

interventions (13,14). We aimed to assess the relative
merit of SCand TR on outcomes atboth short-and long-
term in symptomatic patients with significant PVL.

METHODS

PATIENT POPULATION. From the start of our trans-
catheter program (March 1995) to December 2014,
consecutive patients with significant PVL who
underwent either SC or TR were identified using a
dedicated institutional database for prosthetic valve

surgery

(15) and the discharge summary database,

which included the diagnostic and intervention codes
from hospital discharge claims as provided to our
governmental health administrative database (Régie
de I’Assurance Maladie du Québec) (16). During this
period, procedures were restricted to 4 surgeons and
2 interventional cardiologists. A PVL was deemed
significant if responsible for functionally limiting HF
(New York Heart Association [NYHA] functional class
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III or IV despite guideline-directed medical therapy)
or for hemolytic anemia requiring repeated trans-
fusions. Patients were excluded if operated for an
active infective endocarditis or if undergoing a
surgical PVL correction as part of a cardiac surgery for
another primary indication.

DATA COLLECTION AND FOLLOW-UP. Baseline charac-
teristics, procedural details, and outcomes were
collected from medical records and from the dedi-
cated prospective database linked to our institutional
prosthetic valve cohort (15). As part of this cohort, all
patients undergoing a surgical prosthetic valve
replacement are followed with an annual visit or
phone interview. In addition, a questionnaire is sent
annually to their referring physicians. Data collected
at follow-up included death, NYHA functional class,
need for blood transfusions, hospitalization for HF,
and the need for repeated surgery or transcatheter
intervention. As this was a retrospective analysis
conducted as per institutional guidelines for data
security and privacy, a waiver of consent was granted
by the Institutional Review Board.

CLINICAL DEFINITIONS. All clinical definitions and
endpoints are in line with recently reported PVL
Academic Research Consortium Expert Statement (17).
Significant HF was defined as a NYHA functional class
of III or greater. Significant hemolysis was defined as
anemia secondary to intravascular hemolysis at a
grade III or higher according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events scale (18). Grade III was defined as severe but
not life-threatening anemia (hemoglobin <8.0 g/dl)
requiring hospitalization, limiting the patient’s ability
to care for himself or herself and necessitating
transfusions.

A PVL is defined as an abnormal communication
between the valvular prosthesis sewing ring and the
native tissues that results in a regurgitant jet (19).
The severity of the regurgitation was quantified
by echocardiography as recommended by the
American Society of Echocardiography practice
guidelines (20-24). The regurgitant jets were located
using the clock-face system in the “surgical view” and
their extent was quantified using the number of
“leaking hours” involved in the circumferential ring
(25). Multiple leaks were defined whenever “leaking
hours” were not consecutive.

In patients who underwent SC, procedural success
was defined as correction of the regurgitation
(residual PVL no greater than mild), freedom
from periprocedural death, repeated intervention,
myocardial infarction, and cerebrovascular accident
during the index hospitalization. In patients who
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underwent TR, procedural success was defined as
the delivery of a reduction device with no mechanical
prosthesis interference, leading to a post-procedural
PVL regurgitation no greater than moderate (=+2 or
4) and freedom from periprocedural death, repeated
intervention, myocardial infarction, and cerebrovas-
cular accident. Technical success was defined as a
delivery of a reduction device without prosthesis
interference and irrespective of PVL reduction
obtained. In both SC and TR, clinical success was
defined as post-procedural NYHA functional class of
II or less or improved hemolytic anemia as shown by
any improvement to grade II or lower on the National
Cancer Institute Common Terminology Criteria for
Adverse Events scale.

SC AND TR TECHNIQUES. The prosthesis was replaced
in cases of extensive PVL or prosthesis dehiscence.
If the site of PVL was small and the prosthesis
was otherwise well seated, and surgical repair was
performed wusing interrupted pledged sutures.
Most surgeries were performed using a standard ster-
notomy approach. All procedures were monitored by
transesophageal echocardiography for the localization
of the PVL and for the adequacy of repair.

All TR procedures were performed under general
anesthesia. Fluoroscopy and transesophageal echo-
cardiography guidance were used for device posi-
tioning and to confirm the absence of prosthetic
leaflet impingement before final device release.
Technical details have been reported previously (26).
Briefly, aortic PVLs were performed using a retro-
grade approach via the femoral artery. Most of mitral
PVLs were performed using a femoral transvenous
transseptal access.

STATISTICAL ANALYSIS. Continuous variables are
described as mean + SD or median (interquartile
range) as appropriate and compared using t tests or
the Wilcoxon rank sum tests accordingly. Categorical
variables are presented as number (percentage), and
compared using either chi-square or Fisher exact
tests. Kaplan-Meier methods were used to illustrate
the freedom from the combined endpoint of all-cause
death and hospitalization for HF (primary endpoint),
and the freedom from of all-cause death (secondary
endpoint) for patients who underwent TR or a SC.
No data imputation was performed. Data analyses
were performed using SAS software version 9.4 (SAS
Institute, Cary, North Carolina).

OUTCOMES MODELING. This study was developed to
assess the hypothesis that in patients with significant
PVL, surgery would be superior to transcatheter
therapy at reducing mortality and decompensated HF
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FIGURE 1 Patient Flow Chart

269 patients with symptomatic PVL

Excluded (n=38);

- 19 PVL as a secondary
indication
- 12 active endocarditis
- 7 PVL in both valves

Transcatheter reduction Surgical correction
(n=80) (n=151)

Study flow chart. PVL = paravalvular leak.

at long-term. This combined endpoint was selected as
it was felt to better represent the importance and
the burden of the disease in the perspective of the
patients’ oriented outcomes. We developed multi-
variable models to adjust for known or expected
confounding variables in the relation between the
PVL treatment group and outcomes. For each model,
candidate variables were pre-specified using either
clinical experience or previously reported risk factors.
The first model was developed to identify predictors
of undergoing a TR of PVL (vs. an SC). The purpose of
this model was to derive a treatment propensity score
to adjust for case mix in the second model, which
ascertained the relationship between the type of
intervention (SC vs. TR) and the clinical endpoints.
The first model used a logistic regression to
identify variables predicting allocation to either
transcatheter or surgical groups. The model
compared the 80 patients who underwent a TR to the
158 patients who underwent a SC. The candidate
predictors included medical history (number of prior
cardiac surgery), the primary indication for inter-
vention (hemolysis, congestive HF or both) and the
anatomic variables (extension for PVL, multiplicity of
leaks and septal location in the case of mitral PVL).
For each patient, we derived a propensity score
representing the likelihood of undergoing a TR rather
than a SC. Adequacy of the propensity score for
balancing confounding variables was assessed
by confirming that no candidate predictors were
significantly different between SC and TR of PVL after
adjustment for the propensity score. The model
discrimination was evaluated with the c-index.
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TABLE 1 Baseline Characteristics of Patients Undergoing a Surgical Correction and a
Transcatheter Reduction

Surgical Transcatheter
Correction Reduction
(n =151) (n = 80) p Value
PVL location 0.010
Mitral 98 (64.9) 65 (81.3)
Aortic 53 (35.1) 15 (18.8)
Demographics
Age, yrs 64.0 (54.1-70.7) 67.9 (62.3-74.8) <0.001
Male 95 (62.9) 40 (50.0) 0.06
BMI, kg/m2 26.1 (22.2-28.0) 25.0 (21.7-27.8) 0.30
Medical history
Hypertension 53 (37.1) 48 (60.0) 0.001
Diabetes mellitus 17 (11.4) 13 (16.3) 0.28
Chronic renal insufficiency* 75 (49.7) 58 (72.5) <0.001
COPD 26 (18.1) 20 (25.0) 0.22
Ischemic heart diseaset 38 (25.2) 31(38.8) 0.03
PCI 7 (4.7) 5(6.5) 0.56
CABG 12 (8.1) 19 (24.7) <0.001
Peripheral vascular disease 17 (11.8) 7 (8.9) 0.50
Atrial fibrillation/flutter 76 (52.8) 64 (80.0) <0.001
Permanent pacemaker 31 (20.5) 34 (43.6) <0.001
Presenting characteristics
NYHA functional class IlI-1V 122 (80.8) 65 (81.3) 0.93
LVEF, % 60 (55.0-60.0) 60 (51.5-60.0) 0.97
PASP, mm Hg 48 (36.0-53.0) 52 (48.5-68.5) <0.001
Indication for intervention
Heart failure 100 (66.2) 52 (65.0)
Hemolysis 2(1.3) 1(.3) 0.98
Both 49 (32.5) 27 (33.8)
Procedural risk for cardiac surgery
Number of prior cardiac surgeries
1 79 (52.3) 26 (32.5)
2 46 (30.5) 23 (28.8) <0.001
=3 26 (17.2) 31(38.8)
EuroSCORE (logistic) 10.2 (6.0-16.6) 16.4 (11.4-27.9) <0.001
EuroSCORE-2 (logistic) 6.2 (3.6-10.3) 9.2 (6.0-13.2) <0.001
Parsonnet score 22.6 (14.0-38.8) 30.1(18.9-39.7) 0.15

Values are n (%) or median (interquartile range). *Defined as creatinine clearance <60 ml/min. tDefined as any
coronary stenosis >50%.

BMI = body mass index; CABG = coronary artery bypass grafting; COPD = chronic obstructive pulmonary
disease; EuroSCORE = European System for Cardiac Operative Risk Evaluation; LVEF = left ventricle ejection
fraction; NYHA = New York Heart Association; PASP = pulmonary artery systolic pressure; PCl = percutaneous
coronary intervention; PVL = paravalvular leak.

The second model used a Cox proportional hazard
regression and investigated the association between
the type of PVL intervention (either SC or TR) and
endpoints at longest available follow-up. The model
accounted for clinical variables known to predict
adverse outcomes in patients with HF and was also
adjusted for the propensity score derived from the
first model. Candidate predictors that showed mar-
ginal associations to the outcome on univariate
testing (p < 0.20) were included in the multivariable
analyses and a backward stepwise selection method
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was conducted. The candidate predictors used
included demographics (age, sex), medical history
(diabetes, renal insufficiency), procedural character-
istics (aortic vs. mitral PVL, urgent procedure,
defined as an intervention performed during an
admission for clinical impairment, rather than elec-
tively), and left ventricular ejection fraction and
pulmonary artery systolic pressure. The proportion-
ality assumption was assessed by adding a time-
dependent variable to the model. The significance of
multivariable regression coefficients was determined
with the Wald chi square. Patients who were missing
predictor or outcome data for a given model were
omitted from that model; no data imputation was
performed. None of the modeled variables had more
than 2% of missing values.

SENSITIVITY ANALYSES. Because of the variable
success rate with the TR, we repeated stratified
survival analyses comparing patients who under-
went a successful versus failed TR to those who
underwent SC.

SURVIVAL OF MATCHED POPULATIONS. To assess
the relative and absolute merit of SC and TR of PVL,
the survival of patients included in this series
was compared with the survival of the general
population and to the survival of patients undergo-
ing a first prosthetic valve replacement. Expected
survival of a sex- and age-matched general popula-
tion was obtained using the Hakulinen method (27).
General population survival estimates were gener-
ated from publicly available Province of Quebec
survival tables for each patient according to
age and sex. Survival of a matched first-do heart
valve replacement cohort was generated using the
database of our institutional prosthetic valve cohort
(n = 8,515). Patients with and without PVL were
matched 1:3 according to sex, age, valve position
(mitral or aortic), and prosthesis types (mechanical
or biological).

RESULTS

STUDY POPULATION. A total of 231 patients were
included, of which 151 (65.4%) underwent SC and
80 (34.6%) underwent TR (Figure 1). A majority of
patients underwent an intervention for PVL in
the mitral position (n = 163, 70.6%). The median
follow-up for all-cause death, rehospitalization,
reintervention, and functional class was 3.5 (inter-
quartile range: 0.5-7.2) years, accounting for a total of
1,072 patient-years. Follow-up at 1 year was complete
for 99% of patients.
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BASELINE CHARACTERISTICS. The baseline charac-
teristics were noticeably different between SC and TR
patients (Table 1). Patients who underwent a TR were
older and more likely to have a history of chronic
renal insufficiency, ischemic heart disease, atrial
fibrillation, and pulmonary hypertension. In addition,
patients treated by SC had undergone fewer prior
cardiac surgeries (1.7 vs. 2.2; p < 0.001) and had
lower pre-operative European System for Cardiac
Operative Risk Evaluation score and Parsonnet
scores (p < 0.001). However, NHYA functional class,
hemolysis, and left ventricular ejection fraction were
similar in both groups.

PROCEDURAL CHARACTERISTICS. The procedural
characteristics for patients who underwent an SC or
TR are summarized in Table 2. Patients treated by
TR were more likely to have their PVL graded as
moderate to severe (+3) or greater at the baseline.
Sixty-eight (45%) patients treated by surgery un-
derwent concomitant surgical procedures, including
tricuspid valve annuloplasty (29 patients, 19.2%),
coronary artery bypass grafting (coronary artery
bypass grafting, 21 patients, 13.9%) or another
valve replacement (15 patients, 9.9%). No patients
treated by TR underwent concomitant transcatheter
interventions.

PERIPROCEDURAL OUTCOMES. The majority of
patients (99.3%) treated by SC had no or minimal
PVL following their surgery whereas one-half (50%)
of patients treated by TR had greater than mild
residual PVL. In-hospital all-cause death, myocardial
infarction, and cerebrovascular accident were not
different between the 2 groups (6.6% in the SC
group vs. 2.5% in the TR group; p = 0.23; 2.3% in the
SC group vs. 0% in the TR group; p > 0.99; and 4.6%
in the SC group vs. 0% in the TR group; p = 0.10;
respectively). As per our definition, periprocedural
success was therefore achieved in 121 (80.1%) of SC
patients compared with 44 (55%) of TR patients
(p < 0.001). Specific surgical and transcatheter
procedural characteristics, as well as their compli-
cations rates are presented in Online Tables 1 and 2,
respectively.

ALL-CAUSE DEATH AND HOSPITALIZATION FOR HF.
At longest available follow-up, SC was associated
with a 72% reduced risk for death or hospitalization
for HF (Table 3). Similarly, there was a lower inci-
dence of death or hospitalization for HF at 1 year and
3 years (adjusted hazard ratio: 0.45; 95% confidence
interval: 0.26 to 0.77; and hazard ratio: 0.33; 95%
confidence interval: 0.20 to 0.54,
p < 0.001) (Figure 2A, Table 3).

respectively;

TABLE 2 Procedural Characteristics and Outcomes for Patients Undergoing a
Surgical Correction and a Transcatheter Reduction

Surgical Transcatheter
Correction Reduction
(n =151) (n =80) p Value

Prosthesis type

Biological 14 (9.3) 7 (9.0) 0.94

Mechanical 137 (90.7) 71 (91.0)
Leak extension*, h 4 (3-4) 4 (2-5) 0.33
Multiple leaks 20 (13.3) 10 (12.5) 0.87
Type of interventiont

Elective 10 (72.9) 58 (72.5) 0.96

Urgent 41 (27.2) 22 (27.5)
Critical statef 5@3.3) 0 (0.0) 0.17
Concomitant procedures 68 (45.0) 0 (0.0) <0.001
Regurgitation before

Mild (+1) 3(2.0) 227 <0.001

Moderate (+2) 65 (43.6) 10 (13.3)

Moderate to severe (+3) 71 (47.7) 45 (60.0)

Severe (+4) 10 (6.7) 18 (24.0)
Regurgitation after

None 144 (96.6) 7 (1.3) <0.001

Mild (+1) 4 (2.7) 24 (38.7)

Moderate (+2) 1(0.7) 13 (21.0)

Moderate to severe (+3) 0 (0.0) 18 (29.0)

Technical success — 55 (68.8) NA
Procedural success§ 121 (80.1) 44 (55.0) <0.001
Death 10 (6.6) 225 0.23
Myocardial infarction 3(23) 0 (0.0) 1.00
Cerebrovascular accident 7 (4.6) 0 (0.0) 0.10
Length of hospital stay, days 9 (7-14) 4 (1-9) <0.001

Values are n (%) or median (interquartile range). *Expressed as the number of leaking hours in the
circumferential ring. TUrgent interventions were defined as those performed during any admission
for clinical impairment rather than electively. +Defined as per EuroSCORE Il criteria as ventricular
tachycardia or ventricular fibrillation or aborted sudden death, preoperative cardiac massage,
preoperative ventilation before anesthetic room, preoperative inotropes or intra-aortic balloon
pump, preoperative acute renal failure (anuria or oliguria <10 ml/h). §In patients who underwent
surgical correction, defined as residual PVL no greater than mild, free of periprocedural death,
repeated intervention, myocardial infarction, and cerebrovascular accident. In patients who
underwent transcatheter reduction, defined as the delivery of a reduction device with no
mechanical prosthesis interference, leading to a residual PVL regurgitation no greater than
moderate (=+2) and free of periprocedural death, repeated intervention, myocardial infarction,
and cerebrovascular accident. Myocardial infarction and cerebrovascular accident are defined as
per Valve Academic Research Consortium-2 criteria (31).
NA = not applicable; other abbreviations as in Table 1.

After adjustment, there was a tendency toward a
reduction in all-cause mortality after SC when
compared with the TR group at the longest available
follow-up (adjusted hazard ratio for SC: 0.61; 95%
confidence interval: 0.37 to 1.02; p = 0.06). However,
there was no difference at 1 and 3 years between the
2 groups (Table 3).

Neither the TR nor the SC succeeded at normalizing
the risk of all-cause death when compared with a
general population or to patients undergoing
their first surgical valve replacement. However, when
considering patients who the PVL
procedure, survival of patient in the SC group was
no different to the general population or patients

survived
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Surgical PVL

TABLE 3 Outcomes for Surgical PVL Correction Versus Transcatheter PVL Reduction

Transcatheter PVL

Correction Reduction
(n =151) (n = 80) Unadjusted Analyses Adjusted Analyses*
Patients KM Patients KM
With Event Estimate With Event Estimate HR (95% CI) p Value HR (95% CI) p Value
All-cause death or hospitalization for heart failure
Tyr 26 (17.2) 18.5 35 (43.8) 47.3 0.35 (0.21-0.58) <0.001 0.45 (0.26-0.77) 0.003
3yrs 34 (22.5) 253 48 (60.0) 69.2 0.28 (0.18-0.44) <0.001 0.33 (0.20-0.54) <0.001
Longest follow-up 68 (45.0) - 57 (71.3) - 0.26 (0.17-0.38) <0.001 0.28 (0.18-0.44) <0.001
All-cause death
Tyr 21 (13.9) 14.9 14 (17.5) 19.8 0.80 (0.41-1.57) 0.52 1.30 (0.64-2.67) 0.47
3yrs 26 (17.2) 19.2 25 (31.3) 40.0 0.50 (0.29-0.87) 0.014 0.79 (0.43-1.44) 0.44
Longest follow-up 53 (35.1) - 38 (47.5) - 0.41 (0.27-0.64) <0.001 0.61 (0.37-1.02) 0.06

ejection fraction, pulmonary artery systolic pressure and procedural urgency.

Values are n (%) or %, unless otherwise indicated. *Models adjusted for the propensity of undergoing a transcatheter PVL reduction (number of prior cardiac surgery, hemolysis,
extent of PVL, location and multiplicity of leaks), the type of intervention (transcatheter reduction vs. surgical correction), age, sex, diabetes, creatinine clearance, left ventricle

Cl = confidence interval; HR = hazard ratio; KM = Kaplan-Meier; PVL = paravalvular leak.

who underwent a first surgical valve replacement
(Figure 2B).

IMPACT ON LONG-TERM SYMPTOMS. SC resulted in
better improvement in NYHA functional class.
Indeed, at the longest available follow-up, 76.4% of
SC patients were in NYHA functional class <II to IV
versus 51.3% in the TR group (p < 0.001). Hemolytic
anemia improved in all patients treated by surgery
compared with only 7 (25%) patients treated with TR
(p < 0.001). New or worsening hemolytic anemia was
observed in 15 (18.8%) patients who underwent TR,

with no relation with the type of device implanted.
Fewer reinterventions were required in patients
initially treated with SC (Figure 3). Noticeably,
persistence or worsening hemolysis was responsible
for 50% of crossovers to surgery in patients initially
treated with transcatheter therapy.

IMPACT OF SUCCESSFUL OR FAILED TR IN
LONG-TERM OUTCOMES. After adjustment, SC was
associated with a 52% and 79% reduced risk for all-
cause death or hospitalization for HF, compared
with successful or unsuccessful TR, respectively

FIGURE 2 Probability of the Combined Endpoint of All-Cause Death or Hospitalization for Congestive Heart Failure and Probability of All-Cause Death in the
Surgical Correction and the Transcatheter Reduction Groups
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Years from index intervention Years from index intervention
Number at risk (censored) Number at risk (censored)
Surgical correction 151 (-) 102 (25) 94 (5) 87 (2) Surglcal correction 151 (-) 106 (26) 98 (6) 92 (3)
Transcatheter reduction 80 (=) 35 (11) 21 (5) 15(2) Transcatheter reduction 80  (-) 50 (16) 35(7) 28 (4)

(A) Probability of all-cause death or hospitalization for heart failure in the surgical correction group (blue line) and in the transcatheter reduction group (red line).
(B) Probability of all-cause death in the surgical correction group (blue line) and in the transcatheter reduction group (red line). All-cause death in a sex- and
age-matched general population (dashed gray line) and all-cause death in a sex-, age- and location-matched (mitral vs. aortic) population with prior heart valve
replacement (orange line) are shown. Hazard ratios are presented for the longest available follow-up. CI = confidence interval; HR = hazard ratio.
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FIGURE 3 Need for Reintervention
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Need for reintervention in the surgical correction and successful and failed transcatheter groups.

(Figure 4A, Table 4). However, the rates of all-cause
death were not different between SC and a success-
ful TR or a failed TR (Figure 4B, Table 4).

DISCUSSION

The relative merit of surgery over transcatheter
therapy study should be interpreted with caution
given theimportant case mix presented between study
groups. Both in adjusted and unadjusted comparison,
surgery is associated with an improvement in the
combined occurrence of all-cause death and hospital-
ization for HF when compared with transcatheter

intervention. Despite being associated with better
long-term outcomes, surgery results in important
perioperative mortality and morbidity and seems only
beneficial well beyond 1 year of expected survival.
These findings have important clinical implications
given the lack of prior evidence to guide the decision
making in the assignment of either surgery or trans-
catheter therapy in this patient population. This is all
the more important in view that the present study
represents the largest PVL series comparing SC and TR.

Few studies have compared surgery and trans-
catheter therapy in PVL. Recently, Angulo-Llanos
et al. (13) compared 36 patients undergoing PVL SC

FIGURE 4 Probability of the Combined Endpoint of All-Cause Death or Hospitalization for Congestive Heart Failure and Probability of All-Cause Death in the
Surgical Correction and Successful and Failed Transcatheter Reduction Groups

A

1.0 HR for success = 0.48, 95% Cl: 0.26 to 0.87, p < 0.02

PR

B 1.0

HR for success = 0.79, 95% Cl: 0.38 to 1.63, p = 0.53
HR for failure = 0.79, 95% Cl: 0.38 to 1.64, p = 0.52

w=== Surgical correction

o

0.4

0.2

0.8 “r,wmf“‘ 0.8 wses Failed transcatheter reduction
r...! < g1 + d
wwed 0 wess Failed transcatheter reduction o
g —t tul - PRER) ws=s Surgical correction
0.6 I 0.6

0.4 B e

r..!“‘
0.2 @f”““rrw,_r—"'—’_r

Probability of all-cause death

Probability of all-cause death or
hospitalization for heart failure

[} ) 1 ) 2
Years from index intervention

Number at risk (censored)
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Probability of (A) all-cause death or hospitalization for heart failure and of (B) all-cause death in the surgical correction group (blue line), successful transcatheter
reduction group (green line), and failed transcatheter reduction group (dashed red line). Cl = confidence interval; HR = hazard ratio.
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TABLE 4 Sensitivity Analyses: Outcomes Analysis for Successful and Failed Transcatheter PVL Reduction Versus Surgical Correction

Successful
Surgical PVL Transcatheter PVL Failed Transcatheter
Correction Reduction PVL Reduction
(n =151) (n = 45) (n =35) Unadjusted Analyses Adjusted Analyses*
Patients KM Patients KM Patients KM Transcatheter Transcatheter
With Event Estimate With Event Estimate With Event Estimate Reduction Result HR (95% CI) p Value Reduction Result HR (95% CI) p Value
All-cause death or hospitalization for heart failure
Tyr 26(7.2) 18.5 12 (26.7) 29.3 23 (65.7) 68.9 Success 0.62 (0.32-1.24) 0.18 Success 0.72 (0.35-1.46) 0.36
Failuret 0.21(0.12-0.36) <0.001 Failuret 0.29 (0.16-0.54) <0.001
3yrs 34 (22.5) 253 19 (42.2) 52.0 29 (82.9) 89.1 Success 0.45 (0.26-0.80) 0.006 Success 0.48 (0.26-0.87) 0.017
Failuret 0.16 (0.10-0.27) <0.001 Failuret 0.21 (0.12-0.38) <0.001
All-cause death
Tyr  21(13.9) 14.9 6 (13.3) 15.3 8 (22.9) 255 Success 1.08 (0.43-2.66) 0.88 Success 1.48 (0.58-3.77) 0.41
Failure 0.59 (0.26-1.34) 0.21 Failure 1.17 (0.49-2.81) 0.72
3yrs 26 (17.2) 19.2 12 (26.7) 37.0 13 37.1) 44.5 Success 0.60 (0.30-1.20) 0.15 Success 0.79 (0.38-1.63) 0.53
Failure 0.41 (0.21-0.79) 0.008 Failure 0.79 (0.38-1.64) 0.52

Values are n (%) or %, unless otherwise indicated. *Models adjusted for the propensity of undergoing a transcatheter paravalvular leak (PVL) reduction (number of prior cardiac surgery, hemolysis, extent of
PVL, location and multiplicity of leaks), the type of intervention (transcatheter reduction vs. surgical correction), age, sex, diabetes, creatinine clearance, left ventricle ejection fraction, pulmonary artery

systolic pressure, and procedural urgency. tStatistically significant differences (p < 0.05) were found between successful and failed transcatheter reduction interventions.

Abbreviations as in Table 3.

to 51 transcatheter patients. There were no differ-
ences in the adjusted survival free from death or
hospitalization for HF. The discrepancy in survival
with our study could be explained by a higher early
mortality in their surgical group (>30%) when
compared with our series (<10%) (28). In parallel,
Taramasso et al. (29) suggested that the transapical
reduction of PVL is less morbid than surgery in the
early period (<30 days) whereas no long-term
outcomes were presented. Finally, in a series of
35 patients, Pinheiro et al. (30) showed a tendency
toward a reduction
compared with transcatheter therapy at 1 year
(0% Vvs. 20%; p = 0.08), which closely resembles the
survival reported in our study. Recently, Wells et al.
(14) found in 114 patients that transcatheter inter-
vention and surgery had a nonsignificantly different
survival at 1 year (83.9% Vs. 75.9%; p = 0.28),
despite adjusting for baseline characteristics. No
extended follow-up information beyond 1 year was
provided, but the series had the particularity to
include patients with active endocarditis and with
pulmonary PVL, for whom virtually no information
was available previously.

A previously published meta-analysis from Millan
et al. (12) showed that a successful TR is associated
with a significant improvement in long-term mortal-
ity, functional class, and hemolytic anemia when
compared with failed TR. Similarly, we observed that
a successful TR seems to favorably inflect outcomes
compared with a failed reduction, especially in the
early years after the intervention. Indeed, there was
no difference in the rate of overall death between SC

in mortality with surgery
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and a successful TR up to 3 years of follow-up.
However, when compared with SC, a successful TR
was associated with a higher incidence of death and
hospitalization for congestive HF. This highlights the
impact of residual PVL despite a successful TR as
the majority of these patients are left with a mild or
moderate paravalvular regurgitation. Therefore, in
parallel to recent advances in transcatheter therapies
in structural heart disease, further research leading
to the development of a specific transcatheter PVL
closure device is needed to improve long-term
outcomes in this patient’s population (6).

In clinical practice, the allocation to SC or TR is
not random but typically relates to the perioperative
risk and clinical evaluation. Therefore, despite
propensity adjustment and multivariate analyses,
it remains difficult to fully control for the indication
bias. On the one hand, patients selected for surgery
had lower procedural risk and were often operated for
concomitant indications (e.g., coronary artery bypass
grafting or prosthetic valve replacement). On the
other hand, patients with initial failed TR frequently
underwent subsequent surgical treatment. Despite
these confounders, our results bring new insights that
could inform clinical practice and trial design in the
future. First, we observed that surgery is associated
with higher early mortality and requires more than a
year to match the clinical benefits observed following
successful TR (Table 4). Second, rehospitalization for
congestive HF is frequent in this patient population
and was the most important driver of the combined
endpoint used in our primary analysis. Thirdly,
TR might not be an effective therapy to treat
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hemolysis and can even worsen this condition
following incomplete PVL reduction. The comparison
of surgery or transcatheter therapy in patients
with similar risk profiles would likely minimize the
difference in outcomes observed between both
groups. Finally, because none of the available thera-
pies normalized survival, timing of intervention in
these patients should be reconsidered. It could be
hypothesized that therapy was attempted too late in
most patients, therefore precluding normalization
of survival.

In the original treatment algorithm proposed
by Turi (31), patients with severe prosthetic
PVL with low or moderate surgical risk and those
with major dehiscence should be referred for sur-
gery, whereas those at high surgical risk or with
unfavorable anatomic characteristics for surgery
(severe mitral annular calcification or porcelain
aorta) should be treated by TR. Adding to this al-
gorithm, our study suggests that the risk-benefit
balance should also take into consideration the
presence of additional cardiac conditions that
warrant SC, such as coronary artery disease or other
valve dysfunction (Figure 5). As highlighted by
previous studies (10,32), we also recommend that
patients with severe hemolytic anemia should
undergo SC as the transcatheter approach failed to
improve this condition in our cohort. Nonetheless,
given the improvement in overall survival in suc-
cessful TR, we believe that transcatheter interven-
tion should be initially attempted in high-risk
surgical candidates with limited life expectancy and
favorable anatomic features for a transcatheter
approach. In such cases, a specialized heart team
(including a cardiac surgeon, an interventional
cardiologist, and a cardiac imaging specialist) should
review the case and evaluated the safety and
potential efficacy of a TR. Patients treated with TR
should be closely followed-up and be reassessed
for surgery in case of significant residual PVL leak
(grade 3 or higher), poor functional improvement,
or exacerbated or new onset hemolytic anemia.
Indeed, previous TR should not be considered a
contraindication for repeat surgery.

STUDY LIMITATIONS. The present investigation is a
single-center retrospective study with the inherent
limitations of this study design. Several assumptions
remain unverified at this moment. For instance, we
assumed that hemolysis and HF conveyed the same
significance and that mitral versus aortic PVL carried
the same prognosis (33,34). Likewise, we assumed
that interventions performed at the start of our series
yielded the same benefit as the interventions carried
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FIGURE 5 PVL Treatment Proposed Algorithm
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Proposed treatment algorithm for symptomatic patients with
significant PVL. NCI-CTCAE = National Cancer Institute Com-
mon Terminology Criteria for Adverse Events; NYHA = New
York Heart Association; PVL = paravalvular leak.

later in time, whereas learning curves have been
documented (35) and better imaging techniques and
devices are currently available. To minimize biases,
we adjusted for key variables known to affect survival
and performed sensitivity analyses.

Given the variability and the lack of standardization
in deciding which patients would benefit from surgery
versus transcatheter therapy, treatment assignment
cannot be thoroughly predicted retrospectively,
despite propensity adjustment. Transcatheter PVL
closure techniques and operator experience have
evolved throughout the years. Although we cannot
exclude that newer devices result in better clinical
outcomes, we believe in fact that they have a limited

85



1968

ARTICULO 2

Milldn et al.

Surgery Versus Transcatheter Therapies for Paravalvular Leaks

effect other than extending by which they decrease
the severity of the leak, which has been properly
phenotyped with the concept of procedural success
and accounted for in the multivariate models and the
stratified sensitivity analysis. For all these reasons,
extrapolation of our results to broader populations
should be made with caution.

CONCLUSIONS

In the largest study comparing surgical and trans-
catheter interventions to treat PVL, we found that
despite important perioperative mortality and
morbidity, surgery remains associated with better
long-term outcomes, mostly driven by a reduction in
hospitalization for HF. As transcatheter techniques
are improving and expanding across the world, future
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PERSPECTIVES

WHAT IS KNOWN? Significant PVL after prosthetic
valve replacement is associated with high mortality
and morbidity. Although SC is the gold-standard
treatment, TR has emerged as a less invasive
alternative but few data is available comparing both
techniques.

WHAT IS NEW? Being the largest series reported,
our study provides new evidence on clinical outcomes
after SC or TR; we found that despite higher
perioperative mortality, surgery is associated with
better long-term outcomes, mostly driven by a
reduction in hospitalizations for HF.

WHAT IS NEXT? Further research comparing SC

studies are needed.

ADDRESS FOR CORRESPONDENCE: Dr.
Joliceeur, Montreal Heart Institute, 5000 Bélanger
Est, Montréal, Québec H1T 1C8, Canada. E-mail:

marc.jolicoeur@icm-mhi.org.

E. Marc

with TR using specific PVL devices in patients with a
similar risk profile is needed to better define the role
of both techniques and to improve long-term
outcomes in this patient's population.
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El tratamiento transcatéter de las fugas paravalvulares

La revision sistematica y meta-analisis (primer estudio) incluye 12 estudios no
aleatorizados que aglutinan un total de 362 pacientes, con 213 varones (59%) y
149 mujeres (41%). La edad media estaba entre los 62 y los 75 afios y la
indicacion principal para someterse a una reduccion transcatéter de fuga
paravalvular fue la insuficiencia cardiaca congestiva (51%), la anemia hemolitica
(10%), o ambas (39%). Los pacientes habian sido considerados no tributarios de
una nueva cirugia valvular debido a las cirugias previas y a sus multiples
comorbilidades, como demuestran los elevados valores de los distintos
indicadores de riesgo quirurgico. La mayor parte de los procedimientos se
realizaron sobre fugas paravalvulares localizadas en posicion mitral (70%) e,
independientemente de su localizacion, sobre prétesis mecanicas o bioprotesis
en similar proporcion. Los procedimientos aorticos se realizaron mediante un
abordaje retrogrado y la mayor parte de los procedimientos mitrales mediante un
abordaje anterogrado transeptal. En 31 pacientes con FPV mitrales la reduccion
transcatéter se abord6 de forma transapical.

Resultados del procedimiento

Los resultados del primer estudio mostraron que el tratamiento transcatéter de
fugas paravalvulares es técnicamente posible en el 86,5% de los casos y se
consigue una reduccién efectiva de la regurgitacion (éxito del procedimiento) en
el 76,5% de los pacientes. Observamos que las tasas de éxito técnico y del
procedimiento son ligeramente inferiores en los procedimientos mitrales que en
los aorticos (82,3% y 73,3% vs. 86,9% y 84,1%, respectivamente).
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Resultados durante el seguimiento

Nuestros resultados mostraron que, cuando es exitosa, la reduccién transcatéter
de fugas paravalvulares en pacientes de alto riesgo quirurgico se asocia a una
reduccion en la mortalidad cardiaca (OR: 0,08; Intervalo de credibilidad (ICr)
95%: 0,01 — 0,90). Concretamente, so6lo el 5,7% de los pacientes con
procedimientos exitosos presentaron una muerte de causa cardiaca durante el
seguimiento en comparacién al 12,0% de los pacientes que fallecieron por causa
cardiaca tras procedimientos fallidos. Aunque no se alcanzaron diferencias
estadisticamente significativas, en el grupo de pacientes con procedimientos
transcatéter exitosos también se observé una tendencia hacia una menor
mortalidad por cualquier causa (OR: 0,52; ICr 95%: 0,09 — 1,74).

Asimismo, el objetivo combinado de mejoria de la clase funcional o de la anemia
hemolitica se alcanzé en el 71,0% de los pacientes con procedimientos exitosos
pero solamente en el 28,4% de los pacientes con procedimientos fallidos (OR:
9,95; ICr 95%: 2,10 — 66,73). Este efecto se produjo principalmente a expensas
de la mejoria en la clase funcional, medida por la clasificacion de la NYHA (OR:
72,24; 1Cr 95%: 5,09 - 693). Los amplios intervalos de credibilidad obtenidos del
pequefio subgrupo de pacientes con hemdalisis aislada (35 pacientes, OR: 2,22;
ICr 95%: 0,06 - 194) impidieron extraer conclusiones definitivas respecto a la
efectividad de la reduccion transcatéter de FPV en el tratamiento de la anemia

hemolitica.

Por ultimo, la reduccion transcatéter exitosa de FPV se asoci6 a un menor
requerimiento de reintervenciones quirurgicas durante el seguimiento en
comparacion con los procedimientos fallidos, (6,8% vs. 31,8%; OR: 0,08; ICr
95%: 0,01 — 0,40).
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Correccidon quirurgica vs. reduccion transcatéter de fugas

paravalvulares

En el segundo estudio se incluyeron un total de 231 pacientes con fugas
paravalvulares sintomaticas, de los cuales 151 (65,4%) se sometieron a
correccion quirurgica y 80 (34,6%) a tratamiento transcatéter. La mediana del
seguimiento clinico fue de 3,5 afos y el 99% de los pacientes completaron el

seguimiento al afo.

Resultados del procedimiento

Tras el procedimiento, la mayoria de los pacientes sometidos a tratamiento
quirurgico presentaron una resolucion total o casi completa de la fuga
paravalvular (regurgitacion residual nula o ligera en el 99,3% de los casos)
mientras que tras la reparacion transcatéter el 50% de los pacientes quedaron
con regurgitacion de grado moderado o superior. A pesar de una mortalidad
periprocedimiento superior en el grupo quirurgico (6,6% vs. 2,5%), las
diferencias entre grupos no fueron estadisticamente significativas (p = 0,23). La
misma tendencia se observo en cuanto a la incidencia de infarto de miocardio
(2,3% vs. 0%; p > 0,99) y de accidentes cerebrovasculares (4,6% vs. 0%; p =
0,10).

Resultados a largo plazo

El tratamiento quirurgico se asocio a una reduccidn del 72% del riesgo de muerte
u hospitalizacién por insuficiencia cardiaca al ultimo seguimiento disponible (IC
95%: 0,18 — 0,44; p < 0,001). De forma similar, se observé una menor incidencia
de muerte u hospitalizacion por insuficiencia cardiaca al afio y a los 3 afios de

seguimiento.

En lo que concierne a la mortalidad por cualquier causa, sin considerar las
hospitalizaciones por insuficiencia cardiaca, no se documentaron diferencias
entre ambas estrategias terapéuticas ni a 1 afio ni a los 3 afnos de seguimiento.
Unicamente se observé una tendencia hacia una menor mortalidad por cualquier
causa tras el tratamiento quirurgico al ultimo seguimiento disponible (HR
ajustado: 0,61; IC 95%: 0,37 — 1,02; p = 0,06).
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Ni el tratamiento quirurgico ni las técnicas transcatéter consiguieron normalizar el
riesgo de muerte por cualquier causa al compararse con la poblacién general o
con una muestra de pacientes sometidos a una primera cirugia de reemplazo
valvular. No obstante, si se considera solo a los pacientes que sobrevivieron a
un tratamiento quirurgico de FPV (excluyendo a aquéllos que fallecieron durante
el periodo perioperatorio), su supervivencia se equipard al de la poblacion con

una cirugia de reemplazo valvular.

El tratamiento quirdrgico de las FPV consiguié una mayor mejoria de la clase
funcional: el 76,4% de los pacientes quirurgicos permanecieron en clase <Il de la
NYHA al final del seguimiento en comparacion al 51,3% en el grupo tratado
mediante técnicas transcatéter (p < 0,001). La anemia hemolitica mejoré en
todos los pacientes tratados quirurgicamente mientras que unicamente mejoro
en el 25% de los pacientes tratados percutaneamente por esta indicacion (p <
0,001). Ademas, la anemia hemolitica se agravo o aparecio en un 18,8% de los
pacientes sometidos a un procedimiento transcatéter, independientemente del
tipo de dispositivo oclusor utilizado. Por ultimo, los pacientes intervenidos
quirurgicamente requirieron menos reoperaciones. De hecho, la aparicion o el
empeoramiento de la hemdlisis fue la causa del 50% de nuevas intervenciones

quirurgicas tras un primer tratamiento transcatéter de FPV.

Impacto del éxito/fracaso de la reduccién transcatéter en los resultados a
largo plazo

En el primer estudio ya se observé como el resultado del tratamiento transcatéter
afecta al prondstico de los pacientes con fugas paravalvulares. De nuestro
segundo estudio también se pueden extraer conclusiones similares. Al afio de
seguimiento, la correccion quirurgica se asocidé a una reduccion del 71% del
riesgo de mortalidad por cualquier causa u hospitalizacién por insuficiencia
cardiaca en comparacion con los procedimientos percutaneos fallidos (IC 95%:
0,16 — 0,54; p < 0,001). En cambio, al compararse con los procedimientos
transcatéter con éxito, la cirugia no present6 una reduccion significativa de estos
eventos. A los 3 afios de seguimiento, sin embargo, la cirugia si mostré beneficio
en el riesgo de mortalidad por cualquier causa u hospitalizacion por insuficiencia
cardiaca tanto al compararse con los procedimientos transcatéter fallidos como
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con los exitosos (HR ajustado: 0,21; IC 95% 0,12 — 0,38; p < 0,001 y HR
ajustado: 0,48; IC 95% 0,26 — 0,87; p = 0,017, respectivamente).

En cuanto a la mortalidad por cualquier causa, sin considerar las
hospitalizaciones por insuficiencia cardiaca, la cirugia solamente demostro
beneficio clinico en comparacién con los procedimientos transcatéter fallidos una

vez transcurridos 3 afos de las intervenciones (datos no ajustados).
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El tratamiento transcatéter de las fugas paravalvulares

A pesar de los avances en las técnicas quirurgicas de reemplazo valvular las
FPV siguen siendo un grave problema. Hasta el 5% de las FPV condicionan
regurgitaciones importantes que se asocian a la aparicion de sintomas de
insuficiencia cardiaca, hemdlisis 0 ambas; y a un incremento de la mortalidad(1,
7, 8). Hasta hace algunos afios el tratamiento quirurgico ha sido la unica terapia
disponible para los pacientes con FPV sintomaticas pero se asocia a una
elevada mortalidad perioperatoria y a un riesgo considerable de reaparicion de
fugas(32, 45, 46). Por ello, el tratamiento transcatéter de las FPV ha emergido
como una alternativa a la cirugia. Sin embargo, la experiencia global se limita a
estudios monocéntricos o registros sin seguimiento clinico a largo plazo, por lo
que no existe suficiente evidencia cientifica que demuestre una consistente

eficacia de la técnica.

Nuestros resultados sugieren que el tratamiento con éxito de FPV mediante
técnicas transcatéter disminuye la mortalidad cardiaca y mejora la clase
funcional de los pacientes con elevado riesgo quirurgico.

En centros con experiencia en este tipo de intervenciones se pueden obtener
resultados exitosos en mas del 75% de los casos. No obstante, observamos que
las tasas de éxito de las técnicas transcatéter sobre FPV en posicion mitral son
inferiores en las de los procedimientos sobre prétesis adrticas, probablemente en
relacion a la mayor dificultad técnica y al mayor tamarfo de las FPV mitrales(33,
47). Estos resultados concuerdan con los hallados recientemente en el registro
espanol (HOLE registry) en el que se incluyeron 514 procedimientos en 469
pacientes procedentes de 19 centros. El éxito de la técnica se alcanzo
globalmente en el 86,6% de los casos y el éxito del procedimiento en el 73,2%
de los pacientes y, a pesar de que las diferencias no fueron estadisticamente
significativas, las tasas de éxito tanto de la técnica como del procedimiento
también fueron inferiores en los procedimientos mitrales que en los aodrticos
(84,8 vs. 90,8% y 70,6 vs. 74,2%, respectivamente). En lo que respecta a la
seguridad del procedimiento, las complicaciones son poco frecuentes. En el
mencionado registro espafiol, el 80,2% de los pacientes no presentaron ninguna

complicacion y la que se produjo con mayor frecuencia fue el sangrado menor en
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relacion al acceso vascular (8.6%), generalmente sin repercusion clinica. La
incidencia de complicaciones mayores (muerte, ictus o necesidad de cirugia
emergente) a los 30 dias fue del 5,6%(39). Considerando el bajo riesgo del
tratamiento transcatéter de FPV incluso en intervenciones sin éxito, los
procedimientos fallidos serian tedricamente comparables al tratamiento médico.
Nuestro estudio, sin embargo, no ha sido especificamente disefiado para validar
esta hipotesis.

La revision sistematica puso de manifiesto multiples disparidades en relacion al
tratamiento transcatéter de FPV. En primer lugar, existe desacuerdo en cuanto a
la definicion de éxito, centrandose muchos de los estudios en la factibilidad
técnica del procedimiento (implante del dispositivo) independientemente del
grado de reduccion de la FPV obtenido. Ademas, se constato la ausencia de
métodos estandarizados para cuantificar la severidad de la FPV mediante
técnicas de imagen. Por ultimo, existe falta de consenso en la evaluacion de la
mejoria de la hemolisis como demuestran las multiples definiciones utilizadas en

los distintos estudios.

Para resolver estas disparidades propusimos la creacién de un Consorcio de
Investigacion formado por representantes de sociedades cientificas de Europa y
EUA junto con un panel de cardiélogos clinicos, cardidlogos intervencionistas,
cirujanos cardiacos, especialistas en imagen cardiaca y expertos en estudios
clinicos que se reunio en febrero de 2015 en la Casa del Corazén del American
College of Cardiology. En dicho encuentro, en el que participé el doctorando, se
analizé el conocimiento existente en el campo de las fugas paravalvulares, se
consensudé una nueva clasificacion para medir la severidad de las FPV, se
establecieron las definiciones clinicas y los objetivos a analizar en futuros
estudios sobre el tema y, como conclusion, se redacté un documento que recoge
las opiniones de los expertos y que se publico simultdaneamente en las revistas
European Heart Journal y Journal of the American College of Cardiology en 2017
(Anexo 1)(19, 20).
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Correccion quirurgica vs. reduccion transcatéter de fugas

paravalvulares

Con la continua evolucién de las técnicas transcatéter y la reduccion de la
morbilidad y mortalidad en las reintervenciones quirurgicas se desconoce el
papel de ambas estrategias en el tratamiento de los pacientes con FPV
sintomaticas(25, 26, 33). El objetivo del segundo estudio fue comparar los
resultados clinicos de los tratamientos quirurgico y transcatéter tanto a corto
como a largo plazo. La observacion principal fue que en pacientes con FPV
significativas la cirugia se asocia a mejores resultados clinicos a largo plazo en
comparacion con las técnicas transcatéter, pero a expensas de una importante

mortalidad y morbilidad perioperatoria.

Las ventajas observadas de la cirugia respecto al tratamiento transcatéter de
fugas paravalvulares deben interpretarse con cautela debido a las diferencias
existentes en ambos grupos de pacientes. En efecto, los pacientes sometidos a
terapia transcatéter eran significativamente mayores y tenian una mayor
proporcion de insuficiencia renal cronica, enfermedad coronaria o fibrilacion
auricular, y presentaban un mayor grado de severidad de las FPV asi como de
hipertension pulmonar. Ademas, los pacientes sometidos a correccidn quirurgica
tenian menos cirugias cardiacas previas y, globalmente, un menor riesgo de

someterse a una eventual reoperacion.

Tanto los datos crudos como los ajustados por las diferencias existentes entre
grupos mostraron como la cirugia se asocia a un mejor resultado en el objetivo
combinado de mortalidad por cualquier causa u hospitalizacion por insuficiencia
cardiaca, en comparacion con el tratamiento transcatéter. A pesar de estos
beneficios a largo plazo, la cirugia conlleva un mayor riesgo perioperatorio y
unicamente parece ser superior al tratamiento transcatéter en cuanto a
reduccion de la mortalidad una vez transcurrido mas de un afo de la

intervencion.
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Podemos observar que en las diferencias a largo plazo en la mortalidad u
hospitalizacion por insuficiencia cardiaca juega un papel determinante el
resultado del procedimiento transcatéter y debemos tener en cuenta las
siguientes consideraciones: 1) A pesar del éxito del procedimiento transcatéter,
la mayor parte de estos pacientes quedaron con regurgitacion ligera o
moderada, 2) Esta resolucion incompleta de las FPV condiciona un mayor riesgo
de hospitalizaciones por insuficiencia cardiaca y una peor clase funcional
durante el seguimiento en los pacientes sometidos a procedimientos transcatéter
en comparacion con los tratados quirdrgicamente, pero no se traduce
necesariamente en una mayor mortalidad; y 3) El tratamiento exitoso de FPV
mediante técnicas transcatéter equipara tanto el riesgo de muerte u
hospitalizacion al afio de seguimiento como el riesgo de muerte a los 3 afos de

seguimiento a los pacientes intervenidos quiruargicamente.

Nuestros hallazgos pueden tener importantes implicaciones clinicas
considerando la falta de evidencia cientifica previa que nos pueda orientar en la
asignacion del tipo de tratamiento para esta poblacion de pacientes. Hasta la
fecha, muy pocos estudios han comparado los tratamientos quirurgico y
transcatéter para tratar las FPV y nuestro estudio representa la mayor serie
publicada comparando ambas terapias. Recientemente, Angulo-Llanos vy
colaboradores compararon los resultados en 36 pacientes sometidos a
correccion quirurgica con los obtenidos en 51 pacientes sometidos a tratamiento
transcatéter(48). No hubo diferencias en la supervivencia libre de muerte u
hospitalizacion por insuficiencia cardiaca. La discrepancia respecto a nuestros
hallazgos podria explicarse por la mayor mortalidad perioperatoria tras cirugia
(superior al 30%) en comparacién a nuestra serie quirurgica (inferior al 10%),
que fue publicada en 2016 (Anexo 2)(33). Paralelamente, Taramasso et al.
sugirieron que el abordaje transapical de las FPV conlleva menos mortalidad a
30 dias que la cirugia convencional(49). En este estudio, sin embargo, no se
presentaron resultados a largo plazo. Finalmente, en su serie de 35 pacientes,
Pinheiro et al. mostraron una tendencia hacia la reduccion en mortalidad al afio
de seguimiento tras la correccion quirurgica, en comparacion con la terapia

transcatéter (0% vs. 20%; p = 0,08), que se asemeja a los resultados de nuestro
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estudio(50). Recientemente, Wells et al. encontraron en su estudio con 114
pacientes que las estrategias quirurgica y transcatéter no presentaron
diferencias en cuanto a la supervivencia al afio de la intervencion (83,9% vs.
75,9%; p = 0,28) a pesar de un ajuste estadistico por las diferencias entre las
caracteristicas basales entre los distintos grupos(51).

Todos estos estudios coinciden en resaltar la importancia de la experiencia de
los operadores para conseguir resultados favorables tras la reduccion
transcatéter de las fugas paravalvulares. En nuestro estudio se asume que los
procedimientos realizados al inicio de la serie producen los mismos beneficios
que intervenciones realizadas mas recientemente pero se ha demostrado que
existe una “curva de aprendizaje” en esta técnica y el registro espafiol puso de
manifiesto una mayor tasa de éxito en procedimientos mitrales en aquellos

centros con mayor experiencia(39, 40).

También se debe destacar la importancia del desarrollo de técnicas de imagen y
la posibilidad de fusionar distintas modalidades de imagen (tomografia
computarizada o ecocardiografia transesofagica intraprocedimiento) con la
fluoroscopia, que hacen que la reduccidn transcatéter de fugas paravalvulares
sea un procedimiento mas eficaz y seguro, especialmente en los abordajes

transapicales (Figura 11)(34).
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Figura 11. Fusion de imagenes utilizada para guiar procedimientos transcatéter
de reduccion de fugas paravalvulares. A: Fusién de ecocardiografia con
fluoroscopia durante un procedimiento mitral por abordaje transeptal. Se observa
un marcador (en rojo) a nivel del orificio regurgitante paravalvular.

B y C) Planificacién preprocedimiento de un abordaje transapical mediante fusion
de tomografia computarizada y fluoroscopia.
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Propuesta de algoritmo de tratamiento

Hasta que exista nueva evidencia que nos guie en la decision de asignar la
opcion quirurgica o transcatéter para tratar a los pacientes con FPV significativas
(en la actualidad no existen estudios aleatorizados que comparen ambas
técnicas), en vista de los resultados obtenidos sugerimos el siguiente algoritmo
de tratamiento (Figura 12). Aconsejamos que los pacientes con riesgo quirurgico
bajo o moderado sean tratados quirurgicamente mientras que aquéllos con
elevado riesgo quirurgico (p.ej. comorbilidades importantes, multiples cirugias
previas...) o con anatomia desfavorable para la cirugia (importante calcificacion
del anillo mitral o aorta en porcelana) sean tratados mediante técnicas
transcatéter en centros con suficiente experiencia. En casos con patologia
cardiaca concomitante, como una enfermedad coronaria extensa u otras
disfunciones valvulares, el tratamiento quirdrgico podria ser preferible. Ademas,
los pacientes con anemia hemolitica como sintomas predominante deberian
someterse a una correccion quirurgica puesto que la reparacidén transcatéter
podria no ser una terapia efectiva para tratar la hemodlisis y podria incluso
empeorarla(13, 52).

Sin embargo, hay grupos que consideran que la terapia transcatéter no deberia
limitarse a pacientes criticos rechazados para cirugia sino que podria plantearse
como terapia de primera linea(48, 51). Esta opinidn se basa en las siguientes
consideraciones: 1) Las técnicas transcatéter se estan desarrollando muy
rapidamente debido a la creciente experiencia de los operadores, la aparicion de
nuevos dispositivos especificos para el tratamiento de FPV y la utilizacidén de la
imagen multimodal, 2) la baja tasa de complicaciones durante estas
intervenciones menos invasivas, incluso en casos de procedimientos sin éxito o
con reduccion incompleta de la FPV; y 3) Los procedimientos transcatéter no

impiden ni limitan futuras intervenciones quirurgicas.

En todo caso, los pacientes tratados percutaneamente deberian ser seguidos
estrictamente y reasignados al tratamiento quirurgico en caso de FPV residual
significante (grado 3 o superior), ausencia de mejoria sintomatica o en aquellos

casos con progresion o nueva aparicion de anemia hemolitica.
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Pacientes
sintomaticos con
FPV significativas

(NYHA = 111)

A 4
Riesgo quirtirgico No
elevado

A4

Si

Y

Requerimiento de

procedimientos Si
quirdrgicos

concomitantes

A4

No

Y

Anemia hemolitica Si
(NCI-CTAE > Ill)

A4

No
A 4 y

Reduccion Correccion
transcatéter quirurgica

s

Exito del - Procedimiento fallido
procedimiento - Regurgitacion grado 2 Il
- Empeoramiento/nueva

hemdlisis

Figura 12. Algoritmo de tratamiento sugerido para pacientes con FPV
significativas. NCI-CTCAE: National Cancer Institute Common Terminology
Criteria for Adverse Events; NYHA: New York Heart Association.

106



9. CONCLUSIONES

107






CONCLUSIONES Xavier Millan Alvarez

El tratamiento transcatéter de las fugas paravalvulares

. El tratamiento con éxito de fugas paravalvulares mediante técnicas
transcatéter disminuye la mortalidad cardiaca, mejora la clase funcional de los
pacientes con elevado riesgo quirurgico y reduce la necesidad de

reintervenciones quirurgicas.

Tratamiento quirurgico vs. transcatéter de fugas paravalvulares

. El tratamiento quirdrgico de las fugas paravalvulares consigue una mayor
reduccion del grado de regurgitacion paravalvular, una mejoria de la clase
funcional y de la anemia hemolitica y, asimismo, reduce las hospitalizaciones por
insuficiencia cardiaca durante el seguimiento en comparacion con el tratamiento

transcatéter.

. Los beneficios clinicos del tratamiento quirurgico no se observan hasta
transcurrido un afio de la intervencidén debido a la elevada mortalidad y
morbilidad perioperatoria.

. La mortalidad durante el seguimiento tras un tratamiento con éxito de fugas
paravalvulares mediante técnicas transcatéter no es superior a la del tratamiento

quirurgico.

. El tratamiento quirdrgico o transcatéter en pacientes con fugas
paravalvulares no consigue igualar su supervivencia a la de los pacientes de la
poblacidn general ni a la de los pacientes sometidos a una primera intervencion

de reemplazo valvular.
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Perspectivas futuras

* En los préximos afnos cabe esperar mejores resultados tras el tratamiento
transcatéter de fugas paravalvulares debido a: 1) la mayor experiencia de los
operadores, 2) el uso de dispositivos especificamente disefiados para la oclusion
de estas fugas y, 3) el avance en las distintas técnicas de imagen y la posibilidad

de fusionarlas durante el procedimiento.

. Este trabajo demuestra la utilidad del tratamiento transcatéter en pacientes
con fugas paravalvulares significativas pero se requieren mas investigaciones
que comparen el tratamiento quiruargico y las técnicas transcatéter en pacientes
con perfil de riesgo similar (estudios aleatorizados) para poder definir el papel de
ambas estrategias terapéuticas.

. La creacion de un consorcio de investigacion multidisciplinar es de gran

importancia para analizar el conocimiento generado y establecer definiciones y

criterios validos para los futuros estudios clinicos.

113






11. BIBLIOGRAFIA

115






BIBLIOGRAFIA Xavier Millan Alvarez

Bibliografia

1.  O’Rourke DJ, Palac RT, Malenka DJ, Marrin CAS, Arbuckle BE, Plehn JF.
Outcome of mild periprosthetic regurgitation detected by intraoperative
transesophageal echocardiography. Journal of the American College of
Cardiology. 2001;38(1):163-6.

2. Genoni M, Franzen D, Vogt P, Seifert B, Jenni R, Kunzli A, et al.
Paravalvular leakage after mitral valve replacement: improved long-term survival
with aggressive surgery? European Journal of Cardio-Thoracic Surgery.
2000;17(1):14-9.

3. Hammermeister K, Sethi GK, Henderson WG, Grover FL, Oprian C,
Rahimtoola SH. Outcomes 15 years after valve replacement with a mechanical
versus a bioprosthetic valve: final report of the Veterans Affairs randomized trial.
Journal of the American College of Cardiology. 2000;36(4):1152-8.

4. lonescu A, Fraser AG, Butchart EG. Prevalence and clinical significance of
incidental paraprosthetic valvar regurgitation: a prospective study using
transoesophageal echocardiography. Heart. 2003;89(11):1316-21.

5. Jindani A, Neville EM, Venn G, Williams B. Paraprosthetic leak: a

complication of cardiac valve replacement. J Cardiovasc Surg. 1991;32(4):503-8.

6. Rallidis LS, Moyssakis IE, Ikonomidis |, Nihoyannopoulos P. Natural history
of early aortic paraprosthetic regurgitation: a five-year follow-up. American heart
journal. 1999;138(2):351-7.

7. Davila-Roman VG, Waggoner AD, Kennard ED, Holubkov R, Jamieson
WRE, Englberger L, et al. Prevalence and severity of paravalvular regurgitation in
the Artificial Valve Endocarditis Reduction Trial (AVERT) echocardiography
study. Journal of the American College of Cardiology. 2004;44(7):1467-72.



BIBLIOGRAFIA Xavier Millan Alvarez

8. Rallidis LS, Moyssakis IE, Ikonomidis |, Nihoyannopoulos P. Natural history
of early aortic paraprosthetic regurgitation: A five-year follow-up. American Heart
Journal. 1999;138(2):351-7.

9. Kiliger C, Eiros R, Isasti G, Einhorn B, Jelnin V, Cohen H, et al. Review of
surgical prosthetic paravalvular leaks: diagnosis and catheter-based closure.
European Heart Journal. 2013;34(9):638-49.

10. Rihal CS, Sorajja P, Booker JD, Hagler DJ, Cabalka AK. Principles of
Percutaneous Paravalvular Leak Closure. JACC: Cardiovascular Interventions.
2012;5(2):121-30.

11. Noble S, Jolicoeur EM, Basmadijian A, Levesque S, Nozza A, Potvin J, et al.
Percutaneous paravalvular leak reduction: procedural and long-term clinical

outcomes. The Canadian journal of cardiology. 2013;29(11):1422-8.

12. Ruiz CE, Jelnin V, Kronzon [, Dudiy Y, Del Valle-Fernandez R, Einhorn BN,
et al. Clinical outcomes in patients undergoing percutaneous closure of
periprosthetic paravalvular leaks. Journal of the American College of Cardiology.
2011;58(21):2210-7.

13. Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. Long-term follow-up of
percutaneous repair of paravalvular prosthetic regurgitation. Journal of the
American College of Cardiology. 2011;58(21):2218-24.

14. Lancellotti P, Pibarot P, Chambers J, Edvardsen T, Delgado V, Dulgheru R,
et al. Recommendations for the imaging assessment of prosthetic heart valves: a
report from the European Association of Cardiovascular Imaging endorsed by the
Chinese Society of Echocardiography, the Inter-American Society of
Echocardiography, and the Brazilian Department of Cardiovascular Imagingt.
European Heart Journal - Cardiovascular Imaging. 2016;17(6):589-90.

15. Zoghbi WA, Chambers JB, Dumesnil JG, Foster E, Gottdiener JS, Grayburn
PA, et al. Recommendations for Evaluation of Prosthetic Valves With
Echocardiography and Doppler Ultrasound. A Report From the American Society



BIBLIOGRAFIA Xavier Millan Alvarez

of Echocardiography's Guidelines and Standards Committee and the Task Force
on Prosthetic Valves, Developed in Conjunction With the American College of
Cardiology Cardiovascular Imaging Committee, Cardiac Imaging Committee of
the American Heart Association. Journal of the American Society of
Echocardiography. 2009;22(9):975-1014.

16. Hahn RT, Abraham T, Adams MS, Bruce CJ, Glas KE, Lang RM, et al.
Guidelines for Performing a Comprehensive Transesophageal Echocardiographic
Examination: Recommendations from the American Society of Echocardiography
and the Society of Cardiovascular Anesthesiologists. Journal of the American
Society of Echocardiography. 2013;26(9):921-64.

17. Effron MK, Popp RL. Two-dimensional echocardiographic assessment of
bioprosthetic valve dysfunction and infective endocarditis. Journal of the
American College of Cardiology. 1983;2(4):597-606.

18. Pibarot P, Hahn RT, Weissman NJ, Monaghan MJ. Assessment of
Paravalvular Regurgitation Following TAVR. JACC: Cardiovascular Imaging.
2015;8(3):340-60.

19. Ruiz CE, Hahn RT, Berrebi A, Borer JS, Cutlip DE, Fontana G, et al.
Clinical Trial Principles and Endpoint Definitions for Paravalvular Leaks in
Surgical Prosthesis: An Expert Statement. Journal of the American College of
Cardiology. 2017;69(16):2067-87.

20. Ruiz CE, Hahn RT, Berrebi A, Borer JS, Cutlip DE, Fontana G, et al.
Clinical Trial Principles and Endpoint Definitions for Paravalvular Leaks in
Surgical Prosthesis. European Heart Journal. 2018;39(15):1224-45.

21. Biner S, Kar S, Siegel RJ, Rafique A, Shiota T. Value of Color Doppler
Three-Dimensional Transesophageal Echocardiography in the Percutaneous
Closure of Mitral Prosthesis Paravalvular Leak. American Journal of
Cardiology.105(7):984-9.



BIBLIOGRAFIA Xavier Millan Alvarez

22. Lazaro C, Hinojar R, Zamorano JL. Cardiac imaging in prosthetic
paravalvular leaks. Cardiovascular Diagnosis and Therapy. 2014;4(4):307-13.

23. Mahjoub H, Noble S, Ibrahim R, Potvin J, O'Meara E, Dore A, et al.
Description and Assessment of a Common Reference Method for Fluoroscopic
and Transesophageal Echocardiographic Localization and Guidance of Mitral
Periprosthetic  Transcatheter Leak Reduction. JACC: Cardiovascular
Interventions. 2011;4(1):107-14.

24. Zamorano JL, Badano LP, Bruce C, Chan K-L, Gongalves A, Hahn RT, et
al. EAE/ASE recommendations for the use of echocardiography in new
transcatheter interventions for valvular heart disease. European Heart Journal.
2011;32(17):2189-214.

25. De Cicco G, Russo C, Moreo A, Beghi C, Fucci C, Gerometta P, et al. Mitral
valve periprosthetic leakage: Anatomical observations in 135 patients from a
multicentre study. European Journal of Cardio-Thoracic Surgery. 2006;30(6):887-
91.

26. De Cicco G, Lorusso R, Colli A, Nicolini F, Fragnito C, Grimaldi T, et al.
Aortic valve periprosthetic leakage: anatomic observations and surgical results.
The Annals of thoracic surgery. 2005;79(5):1480-5.

27. Suh YJ, Hong G-R, Han K, Im DJ, Chang S, Hong YJ, et al. Assessment of
Mitral Paravalvular Leakage After Mitral Valve Replacement Using Cardiac
Computed Tomography. Circulation: Cardiovascular Imaging. 2016;9(6).

28. Cawley PJ, Hamilton-Craig C, Owens DS, Krieger EV, Strugnell WE,
Mitsumori L, et al. Prospective Comparison of Valve Regurgitation Quantitation
by Cardiac Magnetic Resonance Imaging and Transthoracic Echocardiography.
Circulation: Cardiovascular Imaging. 2013;6(1):48-57.

29. Pflaumer A, Schwaiger M, Hess J, Lange R, Stern H. Quantification of
Periprosthetic Valve Leakage with Multiple Regurgitation Jets by Magnetic
Resonance Imaging. Pediatric Cardiology. 2005;26(5):593-4.



BIBLIOGRAFIA Xavier Millan Alvarez

30. Sellers RD, Levy MJ, Amplatz K, Lillehei CW. Left retrograde
cardioangiography in acquired cardiac disease. American Journal of
Cardiology.14(4):437-47.

31. Pizzi MN, Roque A, Fernandez-Hidalgo N, Cuéllar-Calabria H, Ferreira-
Gonzalez |, Gonzalez-Alujas MT, et al. Improving the Diagnosis of Infective
Endocarditis in Prosthetic Valves and Intracardiac Devices With F-
Fluordeoxyglucose Positron Emission Tomography/Computed Tomography
Angiography. Circulation. 2015;132(12):1113.

32. Akins CW, Bitondo JM, Hilgenberg AD, Vlahakes GJ, Madsen JC,
MacGillivray TE. Early and late results of the surgical correction of cardiac
prosthetic paravalvular leaks. The Journal of heart valve disease.
2005;14(6):792-9.

33. Bouhout I, Mazine A, Ghoneim A, Millan X, EI-Hamamsy |, Pellerin M, et al.
Long-term results after surgical treatment of paravalvular leak in the aortic and
mitral position. The Journal of Thoracic and Cardiovascular Surgery.
2016;151(5):1260-6.e1.

34. Kliger C, Ruiz CE. Rethinking Percutaneous Paravalvular Leak Closure:
Where Do We Go From Here? Revista Espafiola de Cardiologia (English
Edition). 2014;67(08):593-6.

35. Taramasso M, Maisano F, Latib A, Denti P, Guidotti A, Sticchi A, et al.
Conventional surgery and transcatheter closure via surgical transapical approach
for paravalvular leak repair in high-risk patients: results from a single-centre

experience. European heart journal cardiovascular Imaging. 2014.

36. Jelnin V, Dudiy Y, Einhorn BN, Kronzon I, Cohen HA, Ruiz CE. Clinical
Experience With Percutaneous Left Ventricular Transapical Access for
Interventions in Structural Heart Defects: A Safe Access and Secure Exit. JACC:
Cardiovascular Interventions. 2011;4(8):868-74.



BIBLIOGRAFIA Xavier Millan Alvarez

37. Cruz-Gonzalez |, Rama-Merchan JC, Calvert PA, Rodriguez-Collado J,
Barreiro-Pérez M, Martin-Moreiras J, et al. Percutaneous Closure of Paravalvular
Leaks: A Systematic Review. Journal of Interventional Cardiology.
2016;29(4):382-92.

38. Cruz-Gonzalez |, Rama-Merchan JC, Arribas-Jimenez A, Rodriguez-
Collado J, Martin-Moreiras J, Cascon-Bueno M, et al. Paravalvular Leak Closure
With the Amplatzer Vascular Plug Ill Device: Immediate and Short-term Results.
Revista Espafiola de Cardiologia (English Edition). 2014;67(8):608-14.

39. Garcia E, Arzamendi D, Jimenez-Quevedo P, Sarnago F, Marti G,
Sanchez-Recalde A, et al. Outcomes and predictors of success and
complications for paravalvular leak closure: an analysis of the SpanisH real-
wOrld paravalvular LEaks closure (HOLE) registry. Eurolntervention : journal of
EuroPCR in collaboration with the Working Group on Interventional Cardiology of
the European Society of Cardiology. 2017;12(16):1962-8.

40. Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. The Learning Curve in
Percutaneous Repair of Paravalvular Prosthetic Regurgitation: An Analysis of
200 Cases. JACC: Cardiovascular Interventions. 2014;7(5):521-9.

41. Calvert PA, Northridge DB, Malik 1S, Shapiro L, Ludman P, Qureshi SA, et
al. Percutaneous Device Closure of Paravalvular Leak. Combined Experience
From the United Kingdom and Ireland. Circulation. 2016;134(13):934.

42. Connolly S, Pogue J, Hart R, Pfeffer M, Hohnloser S, Chrolavicius S, et al.
Clopidogrel plus aspirin versus oral anticoagulation for atrial fibrillation in the
Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular
Events (ACTIVE W): a randomised controlled trial. The Lancet.
2006;367(9526):1903-12.

43. Arzamendi D, Li CH, Serra A. Late embolization of a vascular plug Ill device
after mitral paravalvular leak closure. Catheterization and Cardiovascular
Interventions. 2013;82(6):E831-E4.



BIBLIOGRAFIA Xavier Millan Alvarez

44. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017
ESC/EACTS Guidelines for the management of valvular heart disease. European
Heart Journal. 2017;38(36):2739-91.

45. Emery R, Krogh C, McAdams S, Emery A, Holter A. Long-term follow up of
patients undergoing reoperative surgery with aortic or mitral valve replacement
using a St. Jude Medical prosthesis. Journal of Heart Valve Disease.
2010;19(4):473-84.

46. R Echevarria J, Bernal J, M Rabasa J, Morales D, Revilla Y, Revuelta J.
Reoperation for bioprosthetic valve dysfunction. A decade of clinical
experience1991. 523-7 p.

47. Cruz-Gonzalez |, Rama-Merchan JC, Rodriguez-Collado J, Martin-Moreiras
J, Diego-Nieto A, Barreiro-Pérez M, et al. Transcatheter closure of paravalvular
leaks: state of the art. Netherlands Heart Journal. 2017;25(2):116-24.

48. Angulo-Llanos R, Sarnago-Cebada F, Rivera AR, Elizaga Corrales J,
Cuerpo G, Solis J, et al. Two-Year Follow Up After Surgical Versus Percutaneous
Paravalvular Leak Closure: A Non-Randomized Analysis. Catheterization and
Cardiovascular Interventions. 2016;88(4):626-34.

49. Taramasso M, Maisano F, Latib A, Denti P, Guidotti A, Sticchi A, et al.
Conventional surgery and transcatheter closure via surgical transapical approach
for paravalvular leak repair in high-risk patients: results from a single-centre
experience.  European Heart Journal -  Cardiovascular Imaging.
2014;15(10):1161-7.

50. Pinheiro CP, Rezek D, Costa EP, de Carvalho ESL, Moscoso FAB,
Taborga PRC, et al. Paravalvular Regurgitation: Clinical Outcomes in Surgical
and Percutaneous Treatments. Arquivos Brasileiros de Cardiologia.
2016;107(1):55-62.



BIBLIOGRAFIA Xavier Millan Alvarez

51. Wells IV JA, Condado JF, Kamioka N, Dong A, Ritter A, Lerakis S, et al.
Outcomes After Paravalvular Leak Closure: Transcatheter Versus Surgical
Approaches. JACC: Cardiovascular Interventions. 2017;10(5):500-7.

52. Hein R, Wunderlich N, Robertson G, Wilson N, Sievert H. Catheter closure
of paravalvular leak. Eurolntervention : journal of EuroPCR in collaboration with
the Working Group on Interventional Cardiology of the European Society of
Cardiology. 2006;2(3):318-25.



12. ANEXOS

125






ANEXOS Xavier Millan Alvarez

12.1. Anexo 1
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PVL-ARC Endpoint Definitions

ABBREVIATIONS
AND ACRONYMS

2D = 2-dimensional
3D = 3-dimensional

AE = adverse event

CMR = cardiac magnetic

resonance

CT = computed tomography

LA = left atrial/atrium

LV = left ventricle/ventricular

PVL = paravalvular leak

TEE = transesophageal
echocardiography

TTE = transthoracic
echocardiography

he clinical effect of paravalvular

leak (PVL) following circumferen-

tially sutured surgical cardiac valve
replacement varies significantly depending
on the type of valve prosthesis and the
implant location. Because the long-term out-
comes of this complication, as well as surgi-
cal or transcatheter interventions for PVL,
are largely unknown, there is a fundamental
need for these studies. The absence of
comprehensive retrospective or prospective
data arises from the lack of uniform defini-
tions to establish disease severity, clinical
endpoints to assess safety and efficacy, and
appropriate single and composite endpoints

to assess outcomes. In addition, cohort/
statistical considerations may be specific to this dis-
ease process.

Following publication of the first standardized
definitions and endpoints associated with cardiac
valvular operations (1,2), the Valve Academic
Research Consortium (VARC) has collaborated with
the U.S. Food and Drug Administration and device
manufacturers to periodically update consensus
definitions for clinical endpoints in valve implanta-
tion. Accordingly, the Paravalvular Leak Academic
Research Consortium (PVLARC) working group

Xavier Millan Alvarez

JACC VOL. 69, NO. 16, 2017
APRIL 25, 2017:2067-87

harnessed Academic Research Consortium (ARC)
methodologies and assembled to discuss current
knowledge and evidence concerning clinical studies
of PVL therapies. Representatives from the U.S.
Food and Drug Administration, device manufac-
turers, and academic research organizations in the
United States and Europe joined a panel of clinical
cardiologists, interventional cardiovascular special-
ists, imaging experts, cardiovascular surgeons, and
regulatory and clinical trial experts at the American
College of Cardiology Heart House in February 2015
to review and summarize the current state of
knowledge on surgical PVL. As a result of this effort,
this document provides consensus expert opinion
on core principles and endpoint definitions
for clinical studies of PVL (Central Illustration). This
document focuses exclusively on PVL following
valve replacement with circumferentially sutured
surgical prosthetic valves, defined as an abnormal
communication between the sewing ring of a surgi-
cal prosthesis and the native annulus. PVL related to
transcatheter valve prostheses is comprehensively
discussed in the VARC-2, Mitral Valve Academic
Research Consortium, and various reviews (3,4). The
Online Appendix discusses unanswered questions
related to this intervention, which could form the
basis for clinical studies.
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CENTRAL ILLUSTRATION Approach to PVL of Surgical Valve Prosthesis

Recommended assessments for patients with suspected paravalvular regurgitation (PVL)

following prosthetic valve replacement

Risk assessment to identify
PVL-closure related complications:

« Symptomatic congestive heart failure
« Symptomatic hemolytic anemia

Diagnostic tests to determine
the location and severity of leak:

« Imaging characterization
« Functional characterization

* Blood biomarker characterization

« Infective endocarditis

1

1

Proceed with PVL-closure in suitable patients

Suggested endpoints for PVL-closure trials

Primary endpoints:
 Mortality

* Stroke

* Rehospitalizations

Secondary endpoints:

« Bleeding/major vascular or
cardiac structural complications

« Acute kidney injury

PVL-closure endpoints:

» New or worsening
prosthesis dysfunction

« Coronary obstruction

e Transfusion requirement

« Conversion to open surgery
or unplanned intervention

Ruiz, C.E. et al. J Am Coll Cardiol. 2017;69(16):2067-87.

severity and approach to PVL closure. (B) Suggested endpoints for trials or registries of PVL closure.

(A) The approach to patients with suspected paravalvular regurgitation (PVL) following surgical valve replacement. Imaging plays a major role in identifying the

CORE PRINCIPLES I: CLINICAL

PVLs of varying clinical significance are detected in
5% to 18% of all implanted surgical valves, with an
incidence of 2% to 10% in the aortic position and 7%
to 17% in the mitral position (5-7). Risk factors for PVL
development include: annular calcification, tissue
friability, prior endocarditis, or other inflammatory
processes and recent initiation of corticosteroid
therapy (8-11). Multiple procedural factors may in-
crease the risk of PVL: implantation type (mechanical
implants are a greater risk than bioprosthetic im-
plants), position (supra-annular prostheses are a
greater risk than annular aortic prostheses), and sur-
gical technique (continuous sutures are a greater risk
than interrupted sutures for mitral prostheses) (6,7).
A majority (74%) of PVL occurs within the first year of
valve implantation (12). Late PVL is commonly related
to suture dehiscence associated with infective
endocarditis or the gradual resorption of annular

calcifications that are not completely debrided (13).
Figure 1 summarizes the prevalence and etiology
of PVL.

Percutaneous PVL repair offers an alternative to
traditional surgery, especially for patients who are
considered to be at high surgical risk (14). Two large
single-center studies involving 57 and 141 patients
with PVL, respectively, reported overall success
rates for percutaneous PVL of 77% to 86.5%, and
clinical success ranging from 67% to 77% (15,16). A
recent Bayesian meta-analysis, using cardiac mor-
tality as a primary endpoint, evaluated 12 clinical
studies involving 362 patients (17). Compared with
failed PVL reduction, successful transcatheter
closure, defined as the delivery of a reduction device
free of mechanical prosthesis interference and
resulting in an immediate =1-grade regurgitation
reduction, translated into lower cardiac mortality
(odds ratio [OR]: 0.08; 95% confidence interval [CI]:
0.01 to 0.90) and superior improvement in New York
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FIGURE 1 Prevalence and Etiology

Sx-AVR
Contributing Factors
Annular calcification

No PVL

Commonly supra-annular position in Aortic
prostheses or if continues sutures in the Mitral

Tissue friability
Prior endocarditis

Surgical technique

PVL (2%-10%)
Non-coronary
cusp is most

common |

Other inflammatory process
Recent initiation of corticosteroids

Type of prosthesis (Mechanical>Biological)

74% Appear in

15t Year post-op

26% Appear late

Sx-MVR

PVL (7%-17%)
Anterolateral and
Posteromedial are

most common

No PVL

Secondary to suture dehiscence associated with
SBE and/or resorption of annular calcification

The prevalence and etiology of PVL are summarized in this chart. AVR = aortic valve replacement; MVR = mitral valve replacement; PVL = paravalvular leak;
SBE = subacute bacterial endocarditis; Sx = surgical.

Heart Association [NYHA] functional classification or
hemolysis (OR: 9.95; 95% CI: 2.1 to 66.7), with fewer
repeat operations (OR: 0.08; 95% CI: 0.01 to 0.40).
Following PVL closure, improvement in heart failure
(HF) symptoms is typically limited to patients with
no or mild residual regurgitation (18). Patients with
hemolytic anemia may not improve following PVL
closure. Hein et al. (19) observed that 33% of pa-
tients with transfusion-requiring hemolysis had
worsening hemolysis after transcatheter-attempted
closure, and there was newly developed hemolysis
in 10% of all patients. Persistent hemolytic anemia
after attempted PVL closure predicts poor survival
and need for cardiac surgery (20). A recent single-
site study of the effect of changes in procedural
technique, use of advanced imaging modalities (i.e.,
3-dimensional [3D] echocardiography), and device
choice (smaller nitinol braided devices) on outcomes
showed a significant learning curve effect on pro-
cedure and fluoroscopy time, complications (30-day
major adverse cardiovascular events), and hospital
length of stay (21). The predominant mechanism of
device failure in this study was bioprosthetic leaflet
impingement, highlighting the need for defect-
specific devices.

The current American College of Cardiology (ACC)/
American Heart Association (AHA) indications for
percutaneous PVL repair include patients with
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prosthetic valves and symptomatic HF (NYHA func-
tional class III to IV) and persistent hemolytic anemia,
who have anatomic features that are suitable for
percutaneous surgery in centers of expertise (14).
Closure of less-severe PVL remains controversial.
Percutaneous repair is contraindicated in patients
with active endocarditis or significant dehiscence
involving more than one-fourth to one-third of the
valve ring (22).
CLINICAL PRESENTATION AND RISK ASSESSMENT
OF PVL. Approximately 2% to 5% of PVL are clini-
cally relevant, and are associated with complications
of congestive HF, hemolytic anemia, and infective
endocarditis (5,11,23). Most PVLs are small and
asymptomatic; however, approximately 90% of pa-
tients with symptomatic leaks typically present with
congestive HF (13,22), which can be precipitated or
worsened by anemia (13). Hemolytic anemia result-
ing from shear stress on the red blood cells is the
second most common presentation of PVL, affecting
one-third to three-quarters of patients with symp-
tomatic PVL (8,13). Symptoms of anemia can be
severe and may require transfusion, and patients
may experience poor quality of life (QOL) (24,25).
PVL can also increase the risk for infectious endo-
carditis (26).

Mortality rates of 7% to 11% have been observed in
contemporary single-site studies among those
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undergoing surgical reoperation for PVL (27,28), and
reports of perioperative complications (e.g., infec-
tion, stroke, and myocardial infarction) appear higher
for surgical repair than for percutaneous closure (29).
However, a direct comparison of closure techniques
has never been performed. Surgical risk may be
especially high in patients with PVL who are severely
symptomatic and have significant comorbidities (8),
or in whom dehiscence involves a substantial portion
of the sewing ring (30). After attempted transcatheter
PVL closure, residual leak of moderate degree or more
is associated with a higher risk of need for cardiac
surgery or of death (18).

The Society of Thoracic Surgeons risk score and the
EuroSCORE II system are widely used for surgical risk
evaluation in cardiac surgery; however, such scores
have been validated only in standard surgical-risk
patients (3), and they may fail to adequately capture
risk factors for patients undergoing PVL closure.
These factors must be considered by the heart team
when deciding on the appropriateness of intervening.
Table 1 outlines the recommended evaluation of
patients before PVL closure. Online Table 1 summa-
rizes the studies supporting the clinical data and
pre-procedural work-up before PVL closure. Online
Table 2 summarizes the studies supporting the pro-
posed post-procedural evaluation.

Current guidelines suggest an initial transthoracic
echocardiogram (TTE) be performed 6 weeks to 3
months after valve implantation to assess the effects
of surgery and to serve as a baseline for comparison
(14). For bioprosthetic valves, routine echocardio-
graphic surveillance is considered appropriate =3
years after implantation if there is no known or sus-
pected valve dysfunction (31). It is the opinion of the
writing group that after the initial baseline post-
operative evaluation, which would include imaging
and laboratory testing, yearly follow-up is necessary
to better characterize the true prevalence of PVL and
its consequences, such as hemolysis. After PVL
closure, yearly follow-up assessment is also indicated
to determine continued safety and efficacy. A
comprehensive evaluation would include clinical and
functional assessment (i.e., with echocardiography),
as well as laboratory evaluation of hemolysis. The
role of routine assessment of biomarkers has not
been studied.

CORE PRINCIPLES II:
DIAGNOSTIC TESTING FOR ASSESSMENT OF
LOCATION AND SEVERITY OF PVL

A variety of diagnostic tests should be performed to
determine whether regurgitation following prosthetic
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TABLE 1 Recommended Evaluation

Pre-procedural evaluation

Demographics o Age, sex,

with type/size valve

Clinical history History of endocarditis
NYHA functional class

STS score and/or logistic EuroSCORE

BNP, NT-proBNP
Medications

Prosthetic valve function

Location and number of PVL
Severity of PVL

Ventricular and atrial size/function
Pulmonary artery pressures

Imaging

Intraprocedural evaluation
Approach

Closure devices e Type, number, location

Prosthetic valve function

Location and number of residual PVL
Severity of residual PVL

Ventricular and atrial size/function
Pulmonary artery pressures

Imaging (echo/CT)

Procedure data e Contrast use, fluoroscopic time

Adverse events .

obstruction, embolization)
Discharge evaluation

Clinical NYHA functional class

BNP, NT-proBNP
Medications

Imaging (echo) e Prosthetic valve function
e Location and number of residual PVL
e Severity of residual PVL

e Ventricular and atrial size/function

e Pulmonary artery pressures

Follow-up evaluation (30-day and 1-yr)

Clinical NYHA functional class

BNP, NT-proBNP

L]
L]
L]
e Medications

Hemolysis evaluation (with transfusion requirement)

Transapical, transfemoral, retrograde aortic

Hemolysis evaluation (with transfusion requirement)

Hemolysis evaluation (with transfusion requirement)

e Date of prior surgery, surgical intervention (AVR, MVR)

Death, stroke, bleeding, AKI, vascular complications,
device complication (i.e., unplanned surgery or
intervention, prosthetic valve interference, coronary

Surgeons.

AKI = acute kidney injury; AVR = aortic valve replacement; BNP = B-type natriuretic protein; CT = computed
tomography; Echo = echocardiography; MVR = mitral valve replacement; NT-proBNP = N-terminal pro-B-type
natriuretic peptide; NYHA = New York Heart Association; PVL = paravalvular leak; STS = Society of Thoracic

valve replacement is functional or abnormal and, if
abnormal, whether it is central or paravalvular and the
regurgitant severity. Echocardiography is the diag-
nostic test of choice for assessment of prosthetic valve
function; however, several imaging modalities, each
with its own individual merits (Table 2), can be used to
assess the spatial and anatomic dimensions of PVL in
surgical prosthetic valves (14,32) (Online Table 3).

ECHOCARDIOGRAPHY. Echocardiography is the
imaging modality of choice for the comprehensive
evaluation of surgical valve function, left and right
heart chamber size and function, and pulmonary
artery  pressures (14,32,33). Echocardiographic
assessment of qualitative and quantitative measures
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TABLE 2 | ing Rec dations for Surgical PHV Dysfunction*

Modality

Key Points Imaging Goals

Limitations Caveats

TTE with Doppler

TEE with Doppler

3D echocardiography

Cinefluoroscopy

Cardiac CT

CMR

PHV structure and function

e First-line imaging modality .
for diagnosis e Aortic root size
e LV and RV size and function
o LAsize
e Concomitant valve disease
(i.e., TR)

Estimate of PA pressure

PHV structure and function
Aortic root size

LV and RV size and function
LA size

Concomitant valve disease
(i.e., TR)

o Estimate of PA pressure

e Adjunctive imaging modality
for diagnosis

e First-line imaging for intra-
procedural guidance

o Adjunctive imaging modality e Size and location of the
for TTE and TEE paravalvular regurgitant
jet(s)
e For suspected abnormality o Mobility of the prosthetic
discs for mechanical PHV
e For suspected/confirmed e Calcification, structural and

nonstructural deterioration
of bioprosthetic PHVt

e Mobility of discs for
mechanical PHV

e Location/size of paravalvular
leak (i.e., sewing ring

abnormality

incompetence)
e For suspected/confirmed e Quantification of ventricular
abnormality volumes
e Quantification of regurgitant
volume

e Quantitation of effective
orifice areaf

May be superior to TEE for
imaging the anterior aortic
PHV sewing ring

e Acoustic shadowing or noise .
limits imaging of LA as well as
the posterior aortic annulus

e Acoustic shadowing or noise .
limits imaging of the anterior
aortic annulus .

Superior to TTE for mitral
and tricuspid PHV

May be superior to TTE for
imaging the posterior
aortic PHV sewing ring

e May be limited by current e Real-time acquisition of
equipment frame rates 2D, 3D, and Doppler
imaging
e TEE more accurate than
TTE

e Artifacts from metallic e Pannus may be more
structures accurately diagnosed using
e Contrast this modality

e Radiation exposure
e Poor temporal resolution

e Artifacts from metallic .
structures

e Requires patient compliance

o Pacemakers/defibrillators are
relative contraindications

e Averaging of beats resulting
in both difficulty imaging
with arrhythmias and poor
temporal resolution

Limited utility for
paravalvular regurgitation

*After Lancellotti et al. (60) and Nishimura et al. (14). tStructural deterioration defined as: dysfunction or deterioration intrinsic to the valve, including calcification, leaflet tear, or flail. Nonstructural
deterioration, defined as abnormalities not intrinsic to the valve itself, including suture dehiscence with associated paravalvular regurgitation, problems related to retained native mitral apparatus, prosthesis-

patient mismatch, or pannus formation. #By planimetry or phase-contrast (69).

2D = 2-dimensional; 3D = 3-dimensional; CMR = cardiac magnetic resonance; CT = computed tomography; LA = left atrium; LV = left ventricle; PA = pulmonary artery; PHV = prosthetic heart valve;
RV = right ventricle; TEE = transesophageal echocardiography; TR = tricuspid regurgitation; TTE = transthoracic echocardiography.

in PVL requires an integrative process utilizing
2-dimensional (2D), 3D, and Doppler echocardio-
graphic modalities, as well as TTE and trans-
esophageal echocardiography (TEE) (33-35).

TTE provides a superior assessment of trans-
valvular gradients, chamber sizes, and function
compared with TEE. TEE is ideal for mechanistic
evaluation of prosthetic valve regurgitation, and is
superior to TTE for imaging of mitral prosthetic valve
regurgitation. However, TEE requires conscious
sedation or anesthesia and is expert-driven, both for
quality of image acquisition and interpretation (36).
Prosthetic material causes numerous ultrasound
artifacts that may reduce diagnostic sensitivity (33).
For the evaluation of aortic valve prostheses, both
modalities may be required because acoustic shad-
owing prevents imaging of the posterior sewing ring
from TTE parasternal long-axis images and the
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anterior sewing ring from TEE midesophageal views.
Like TTE, TEE is less reliable for prognostic evalua-
tion of PVL in the intermediate range (37), with
considerable overlap of mild and moderate PVL.
Although the first-line diagnostic test is 2D echo-
cardiography, 3D echocardiography plays a significant
role in determining the precise location and size of
the PVL. In addition, 3D TEE is an essential tool for
intraprocedural guidance. Limitations of 3D TEE
remain: artifacts of ultrasound imaging (i.e., echo-
cardiographic dropout, acoustic shadowing, and
reverberation artifacts), and reduced temporal and
spatial resolution (35). Multibeat acquisitions that
stitch together smaller subvolumes will allow for
visualization of larger regions of the heart with higher
temporal and spatial resolution, but with the loss of
real-time imaging (the subvolumes are created by
sequential RR cycles) and the creation of stitching
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(or reconstruction) artifacts when subvolumes are not
precisely aligned (38).

ECHOCARDIOGRAPHIC ASSESSMENT PARAMETERS
FOR PVL. Assessing prosthetic
parameters. The initial assessment of PVL includes

structural

an evaluation of prosthetic valve structural integrity.
Sewing ring stability and motion, or any abnormal
space between the sewing ring and native annulus,
may be the first indication of PVL. For the mitral
prosthesis, native annular deformation or retained
native leaflets may result in the appearance of
increased valve mobility. On echocardiography (as
well as cinefluoroscopy), significant dehiscence is
suggested by excessive rocking motion of the mitral
prosthesis >15° compared with the annulus (36). For
the aortic prosthesis, motion is restricted by the
smaller aortic space; thus, motion discordant with the
motion of the adjacent aortic root and native annulus
usually indicates significant (40% to 90% of the
annular circumference) dehiscence (39).

Grading of paravalvular regurgitation. Accurate
echocardiographic assessment of prosthetic valve
regurgitation should include an assessment of the
location (central versus paravalvular) and quantifi-
cation of regurgitant severity. Assessment of PVL can
be challenging and requires an integrative approach
(33). Although guidelines, consensus statements, and
studies have used both a 3-class grading scheme
(mild, moderate, severe) and the angiographic 4-class
scheme to report the severity of prosthetic regurgi-
tation, these schemes have many pitfalls, and inter-
mediate grades may not be reliably estimated (40,41).
A unifying 5-class scheme for PVL regurgitation
severity following transcatheter AVR has recently
been proposed to improve communication between
members of the heart team, resolve differences be-
tween grading schemes, and align echocardiographic
parameters with clinically-used terminology, and is
recommended by the writing group for clinical trials
(42). The proposed 5-class schemes for aortic (Table 3)
and mitral (Table 4) PVL provide a mechanism for
systematic study of PVL outcomes, and a means for
correlating outcomes with prior grading schemes.
Importantly, this proposed grading scheme is not
intended to replace existing guidelines, but could be
used as the initial grading scheme and then collapsed
into the 3-class scheme for reporting and/or outcomes
analysis. A suggested hierarchy of parameters is
summarized in Figure 2 for prosthetic aortic PVL and
Figure 3 for prosthetic mitral PVL.

A recent multicenter study using cardiac magnetic
resonance (CMR) to quantify PVL following trans-
catheter aortic valve replacement used regurgitant
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fraction cutoffs recommended by the VARC-2 criteria:
none/trace (RF =15%), mild (16% to 29%), and mod-
erate/severe (=30%) (43). By ROC analysis, a regur-
gitant fraction of =30% best identified patients at
greatest risk for 2-year mortality and the composite of
mortality and rehospitalization for HF. These results,
together with the echocardiographic outcomes from
the PARTNER II SAPIEN 3 trial, using the granular
grading scheme showing increased mortality associ-
ated with moderate or greater PVL (44) not only help
validate the cutoffs for PVL severity in Table 3, but
also support the use of the unifying grading scheme
nomenclature (42).

Color Doppler. For both mitral and aortic prosthetic
regurgitation, qualitative color Doppler features are
the primary mode used for assessing PVL severity. A
multiparametric and multiwindow assessment is
required. The most useful parameters, as listed in
Tables 3 and 4, include color Doppler jet features such
as jet width at the origin (vena contracta) or just
beyond within the left ventricular outflow tract,
number of jets, the presence of a visible region of flow
convergence, and circumferential extent of the jet.
Proximal flow convergence can be used to quantify
aortic regurgitation (45); however, for PVL, this
method is limited by not only adequate imaging
windows, but constraint of the jets by the sewing ring
and adjacent native structures. Importantly, jet
length and area should not be used to quantify aortic
regurgitation (33,46).

For mitral prosthetic PVL, vena contracta width
and downstream jet size are more difficult to assess;
however, the presence of proximal flow convergence
is a useful TTE color Doppler parameter that would
initiate further evaluation by TEE. Circumferential
extent of the jet can be used to grade severity of PVL,
with extensive involvement (=25% to 30%) a possible
indication for surgical repair instead of a trans-
catheter approach.

Pulsed and continuous wave Doppler. For aortic
prosthetic PVL evaluation, other parameters of jet
density and pressure half-time of the regurgitant jet
can be qualitative or semiquantitative supportive
measures of PVL severity. The timing and velocity of
the diastolic flow reversal in the descending aorta is a
further Doppler parameter that can also corroborate
PVL severity (42). These parameters are unreliable
indicators of AR severity, given their dependence on
blood pressure and aortic and ventricular compliance.

For mitral prosthetic PVL, signs of significant in-
crease in flow across the valve (increased mean gra-
dients and high transmitral flow compared with left
ventricular outflow tract [LVOT] flow) in the setting of
a normal pressure half-time, can be used to indicate
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TABLE 3 Assessment of PVL Severity in Prosthetic Aortic Valves

mm (color Doppler)
Jet width at its origin,
% LVOT diameter
(color Doppler)*||
Jet density (CW Doppler)t+
Jet deceleration rate (PHT),
ms (CW Doppler)$§1
Diastolic flow reversal in the
descending aorta
(PW Dopplen)+§1
Circumferential extent of PVL,
% (color Doppler)*
Doppler parameters
(quantitative)
Regurgitant volume,
ml/beat#
Regurgitant fraction, %%+
Effective regurgitant
orifice area, mm?2**

Narrow (<5)

Incomplete or faint
Slow (>500)

Absent

Narrow (5 to <15)
Incomplete or faint
Slow (>500)

Absent or brief
early diastolic

Intermediate
(15 to <30)

Variable
Variable (200-500)

Intermediate

Intermediate
(30 to <45)

Dense
Variable (200-500)

Intermediate

3-Class Grading Scheme None/Trace Mild Moderate Severe
4-Class Grading Scheme 1 1 2 2 3 4
Unifying 5-Class Grading Scheme Trace Mild Mild to Moderate Moderate Moderate to Severe Severe
Doppler echocardiography
Structural parameters
Sewing ring motion* Usually normal Usually normal Normal/abnormalt ~ Normal/abnormalt Usually abnormalt Usually abnormalt
LV sizet§ Normal Normal Normal Normal/mildly Mildly/moderately Moderately/severely
dilated dilated dilated
Doppler parameters (qualitative or semiquantitative)
Jet features*
Extensive/wide jet origin Absent Absent Absent Present Present Present
Multiple jets Possible Possible Often present Often present Usually present Usually present
Proximal flow convergence Absent Absent Absent Possible Often present Often present
visible
Vena contracta width, Not quantifiable <2 2 to <4 4 to <5 5to <6 =6

Large (45 to <60)

Dense
Variable (200-500)

Holodiastolic (end-
diastolic velocity
>20 to <30 cm/s)

Large (=60)

Dense
Steep (<200)

Holodiastolic
(end-diastolic
velocity =30 cm/s)

CMR

Regurgitant fraction, %1t

Not quantifiable <5 5 to <10
<10 <15 15 to <30
<15 <15 15 to <30
<5 <5 5to <10
<15 <15 15 to <30

10 to <20 20 to <30 =30
30 to <45 45 to <60 =60
30 to <40 40 to <50 =50
10 to <20 20 to <30 =30
30 to <40 40 to <50 =50

*Parameters that are most frequently used to grade PVL severity by Doppler echocardiography. tCare must be taken to avoid over gaining or incomplete spectral traces (i.e., when the jet moves in and out of
the Doppler beam). tParameters that are less often applicable due to pitfalls in the feasibility/accuracy of the measurements or to the interaction with other factors. §Applies to chronic PVL but is less reliable
for periprocedural/early post-procedural assessment. ||These parameters should not be used in patients with eccentric or multiple jets. 9These parameters are influenced by heart rate, LV, and aortic
compliance. #Regurgitant volume is calculated as the difference of stroke volume measured in the LV outflow tract minus the stroke volume measured in the right ventricular outflow tract. **The effective
regurgitant orifice area is calculated by dividing the regurgitant volume by the time velocity integral of the AR flow by CW Doppler. ttThere are important variabilities in the cutpoint values of regurgitant
fraction and volume to grade AR by CMR in published reports.

CMR = cardiac magnetic resonance; CW = continuous wave; LVOT = left ventricular outflow tract; PHT = pressure half-time; PW = pulsed wave; other abbreviations as in Tables 1 and 2.

prosthetic valve dysfunction secondary to regurgita-
tion. Systolic reversal of pulmonary vein flow is a
specific sign of significant regurgitation, unless a
narrow jet is directed into the vein. The absence of
systolic reversal after intervention is important sup-
portive evidence of successful treatment.

Quantitative Doppler echocardiography. High
transvalvular velocities or gradients with parameters
suggestive of a normal valve area are the initial
clues to increased transvalvular flow and possible
nonphysiological regurgitation. Pulsed wave and
continuous wave Doppler should be used to evaluate
relative stroke volumes across both the LVOT and
right ventricular outflow tract, and thus quantify the
aortic regurgitant volume, regurgitant fraction, and
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effective regurgitant orifice area (33). Quantifying
diastolic stroke volume across the prosthetic mitral
valve is limited by flow acceleration at the level of the
sewing ring. The 2D-derived left ventricular (LV)
stroke volume can be used to quantify regurgitant
volume by subtracting the Doppler-derived
stroke volume from a nonregurgitant valve. Using
3D-derived LV stroke volume may increase the
accuracy of this method; however, it systematically
underestimates volumes compared with CMR (47,48).
Direct planimetry of vena contracta area. Offline
analysis of 3D color Doppler volumes can be used to
planimeter the PVL vena contracta area and accu-
rately measure the dimensions of the regurgitant
jet, with a 3D color regurgitant orifice major
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TABLE 4 Assessment of PVL Severity in Prosthetic Mitral Valves

artery pressurest

Doppler parameters (qualitative or semiquantitative)

Proximal flow convergence Absent Absent/minimal
visible*
Color Doppler jet area Absent Small, central jet
(Nyquist 50-60 cm/s)f (usually <4 cm?
or <20% of LA
area)
Mean gradient (CW)# Normal Normal

Diastolic PHT (CW)+

Vena contracta width, mm
(color Doppler)+

Jet density (CW Doppler)+9|
Jet profile (CW Doppler)+

Normal (<130 ms) Normal (<130 ms)
Not measurable <2

Incomplete or faint Incomplete or faint
Parabolic Parabolic
Pulmonary vein flow Systolic dominance Systolic dominance
(PW Doppler)*#

MVpg flow:LVOT flow Equal (1:1) Slightly increased
(PW Dopplen)$
Circumferential extent of Not quantifiable <5

PVL, % (color Doppler)*
Doppler parameters (quantitative)

RVol, ml/beat+** <10 <15
RF, %+ <15 <15
EROA, mm?$tt <5 <5
CMR imaging

Regurgitant fraction, %+ <15 <15

Absent/minimal

Intermediate

Intermediate

Small, central jet Variable Variable
(usually <4 cm?
or <20% of LA
area)

Normal Increased Increased

Normal (<130 ms)

Normal (<130 ms)

Normal (<130 ms)

>3 m/s, SPAP

3-Class Grading Scheme Trace Mild Moderate Severe
4-Class Grading Scheme 1 1 2 2 3 4
Unifying 5-Class Grading Scheme Trace Mild Mild-to-Moderate Moderate Moderate to Severe Severe
Doppler echocardiography
Structural parameters
Sewing ring motion* Usually normal Usually normal Normal/abnormalf ~ Normal/abnormalt ~ Normal/abnormalf Normal/abnormalf
LA and LV sizet§ Normal Normal Normal Normal/mildly Mildly/moderately Moderately/severely dilated
dilated dilated
RV size and function$§ Normal Normal Normal Normal/mildly Mildly/moderately Moderately/severely dilated
dilated dilated
Estimation of pulmonary Normal Normal Normal Variable Increased Increased (TR velocity

=50 mm Hg at rest and

=50 mm Hg with
exercise)

Large

Large central jet (usually

>8 cm? or >40% of LA
area) or variable when

wall impinging
=5 mm Hg
Normal (<130 ms)
=7

Holosystolic/triangular

2to <3 3to <5 5to <7
Variable Dense Dense Dense
Variable (partial or  Variable (partial or ~ Variable (partial or
parabolic) parabolic) parabolic)

Systolic dominance

Systolic blunting

Systolic blunting

Systolic flow reversal

Slightly increased Intermediate Intermediate =25
5to <10 10 to <20 20 to <30 =30
15 to <30 30 to <45 45 to <60 =60
15 to <30 30 to <40 40 to <50 =50
5 to <20 20 to <30 30 to <40 =40
15 to <30 30 to <40 40 to <50 =50

artery pressure; other abbreviations as in Tables 1 to 3.

*Parameters that are most frequently used to grade regurgitation severity by Doppler echocardiography. +>15° of sewing ring motion that is not consistent with normal phasic motion of the mitral annulus.
$Parameters that are less often applicable due to pitfalls in the feasibility/accuracy of the measurements or to the interaction with other factors. §For bileaflet mechanical valve, E velocity >1.9 m/s is
abnormal. ||PHT should not be used to calculate valve area in the setting of a prosthetic valve; however, it should be normal in the absence of significant stenosis. fiCare must be taken to avoid over gaining or
incomplete spectral traces (i.e., when the jet moves in and out of the Doppler beam). #Pulmonary vein flow reversal may be influenced by LV systolic and diastolic function, LA size and pressure, atrial
arrhythmias, and the presence of mitral inflow obstruction; however, holosystolic flow reversal is specific for severe mitral regurgitation. **Regurgitant volume is calculated as the difference of stroke volume
measured in the LV outflow tract minus 2D-derived (total) LV stroke volume. tTEROA is calculated by dividing the RVol by the time velocity integral of the mitral RF by CW Doppler. +fThere is important
variability in the cutpoint values of regurgitant fraction and volume reported in the literature to grade mitral regurgitant by cardiac magnetic resonance imaging.

EROA = effective regurgitant orifice area; MVpg = mitral valve prosthetic valve; RF = regurgitant fraction; RVol = regurgitant volume; RVOT = right ventricular outflow tract; SPAP = systolic pulmonary

diameter =0.65 cm consistent with greater than
moderate PVL (49). Outcomes based on these pa-
rameters will require further study.

Sizing paravalvular regurgitation defects. The
exact location and size of the defects help determine
the optimal approach (transseptal, transapical, or
retrograde aortic) and the type and/or size of the
device. Measurements of PVL include: 1) precise
location of the defect(s); 2) precise radial and
circumferential dimensions of the defects, as well as

the vena contracta area; 3) orientation of the defect in
relation to the sewing ring and prosthetic valve
occluders or leaflets; and 4) location and orientation
of subvalvular structures.

Although 2D imaging may accurately locate defects
and measure radial dimensions, the circumferential
extent of the defect is best imaged with 3D TEE (50).
Similarly, the regurgitant orifice area can be plani-
metered on noncolor 3D images (51); however,
confirmation by both 2D and 3D color Doppler
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FIGURE 2 Summary of Echocardiographic Criteria for Aortic Prosthetic PVL

Primary Criteria for Mild AVR PVL

» Normal Sewing Ring Motion

« Jet Features: narrow jet width, infrequent multiple, no proximal
flow convergence

* % LVOT diameter <30%

« Circumferential extent <10%

Secondary Criteria for Mild AVR PVL

» Normal LV size

« Vena contracta width <4 mm

« Incomplete or faint spectral Doppler

* PHT >500 ms
« Diastolic flow reversal absent or brief

l

« Quantitative Criteria for Mild AVR PVL
*RVol <30 ml

* RF <30%

« EROA <0.1 cm?

Primary Criteria for Severe AVR PVL

« Sewing Ring Motion Usually Abnormal

« Jet Features: wide jet width, frequently multiple, proximal flow
convergence visible

* % LVOT diameter 260%

« Circumferential extent 230%

|

Secondary Criteria for Severe AVR PVL

« Moderately/severely dilated LV size

« Vena contracta width 26 mm

« Dense spectral Doppler

* PHT <200 ms

« Holodiastolic flow reversal (end-diastolic velocity >20-30 cm/s)

l

« Quantitative Criteria for Severe AVR PVL
*RVol 260 ml

* RF 250 %

« EROA 20.3 cm?

Note: CT and CMR may be used as adjunctive imaging modalities

Parameters used to define severity of aortic prosthetic PVL are listed in this chart as primary and secondary qualitative/semiquantitative parameters, in addition to
quantitative parameters. CMR = cardiac magnetic resonance; CT = computed tomography; EROA = effective regurgitant orifice area; LV = left ventricle; LVOT = left
ventricular outflow tract; PHT = pressure half-time; RF = regurgitant fraction; RVol = regurgitant volume; other abbreviations as in Figure 1.

imaging should be performed to exclude an artifact of
imaging. In addition, direct measurement of the color
Doppler vena contracta area and dimensions by 3D
volumes correlates better with standard measures of
regurgitant severity compared with noncolor 3D im-
aging (49), and thus may be superior for localizing
and sizing the regurgitant jets, especially when
contemplating transcatheter closure (52).

3D TEE is also integral to intraprocedural guidance,
and may be especially beneficial in evaluating the
success of percutaneous closure of mitral PVL (53,54).
The real-time 3D volume of the mitral sewing ring
should be positioned in the surgical view with the
aortic valve at the top of the mitral ring (12 o’clock)
and the left atrial appendage (LAA) at approximately
the 9-o’clock position (35,55). Careful 2D and 3D im-
aging throughout the procedure is required to
confirm: 1) catheter and device positioning; 2) full
deployment of the device in the intended position; 3)
interference of the device with prosthetic valve
function or adjacent native anatomy; 4) stable device
deployment; 5) residual regurgitation and need for
further intervention; and 6) safe removal of catheters
and imaging of transseptal shunt. Echocardiographic-
fluoroscopic fusion imaging allows real-time overlay
of 2D, 3D, or color Doppler images onto the fluoro-
scopic image, and thus has the potential to improve
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procedural guidance by rapid localization of PVL
defects, and improving communication between the
imager and interventionalist (56). Intracardiac echo-
cardiography has also been used for intraprocedural
guidance (57).
Other measures of cardiac structure and function.
Important clinical information can be gleaned from
assessing ventricular and atrial size and function.
This is especially important for mitral regurgitation;
however, pre-existing abnormalities of chamber size
and function should be considered when interpreting
changes in these parameters following surgical valve
replacement. LV diameters from M-mode or 2D im-
aging, as well as left atrial (LA) volumes (preferably
by biplane Simpson’s method) should be measured
with chronic severe regurgitation resulting in severe
dilation of both the LV and LA. In the setting of
symptomatic, severe mitral PVL, an increase in esti-
mated pulmonary artery pressures (tricuspid regur-
gitation velocity >3 m/s, systolic pulmonary artery
pressure =50 mm Hg), with resulting right atrial and
ventricular dilation, is also seen.
For the aortic prosthesis, current guidelines
recommend follow-up assessment of the aortic root
and ascending aorta (33). Measurement of LV size and
function should be performed, because chronic severe
aortic PVL should result in dilation of the LV similar to
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Primary Criteria for Mild MVR PVL
» Normal Sewing Ring Motion

flow convergence
* % LVOT diameter <30%
« Circumferential extent <10%

|

Secondary Criteria for Mild MVR PVL

» Normal LV size

« Vena contracta width <4 mm

« Incomplete or faint spectral Doppler
* PHT >500 ms

« Diastolic flow reversal absent or brief

l

* Quantitative Criteria for Mild MVR PVL
* RVol <30 ml

* RF <30%

« EROA <0.1 cm?

« Jet Features: narrow jet width, infrequent multiple, no proximal

FIGURE 3 Summary of Echocardiographic Criteria for Mitral Prosthetic PVL

Primary Criteria for Severe MVR PVL
« Sewing Ring Motion Usually Abnormal

convergence visible
* % LVOT diameter 260%
« Circumferential extent 230%

|

Secondary Criteria for Severe MVR PVL
» Moderately/severely dilated LV size

« Vena contracta width 26 mm

« Dense spectral Doppler

* PHT ><200 ms

« Jet Features: wide jet width, frequently multiple, proximal flow

« Holodiastolic flow reversal (end-diastolic velocity >20-30 cm/s)

|

* Quantitative Criteria for Severe MVR PVL
« RVol 260 ml

* RF 250%

« EROA 20.3 cm?

Note: CT and CMR may be used as adjunctive imaging modalities

Parameters used to define severity of mitral prosthetic PVL are listed in this chart as primary and secondary qualitative/semiquantitative parameters in addition to
quantitative parameters. MVR = mitral valve replacement; other abbreviations as in Figures 1 and 2.

native aortic regurgitation (AR) (14). Finally, echocar-
diographic imaging may detect cavitation bubbles,
which are frequently seen with normal prosthetic
valve function (58). A large number of bubbles may be
an indication of hemolysis and be correlated with
levels of lactate dehydrogenase (LDH) (59).

NONECHOCARDIOGRAPHIC IMAGING MODALITIES.
Cinefluoroscopy and cineangiography. Cinefluoro-
scopy is a noninvasive, readily-available method for
detecting and evaluating mechanical occluder motion
when prosthetic valve stenosis is suspected (60-62);
however, this modality has limited utility for the
diagnosis of PVL location and severity, unless sig-
nificant dehiscence results in excessive motion of the
sewing ring.

Retrograde cineangiography for the assessment of
regurgitation has relied on the semiquantitative
grading scheme of Sellers et al. (63). Biplane tech-
niques may increase the accuracy of angiographic
grading (64). A number of factors confound reliable
quantification, resulting in inconsistent correlation
with quantitative assessment of AR and significant
overlap between angiographic grades (40,41). Finally,
angiography cannot elucidate the location or mecha-
nism of PVL, and the writing group considers this a
confirmatory method to distinguish less than mild
from greater than moderate regurgitation.

Intraprocedurally, retrograde cineangiography
may be useful to assess for adequate aortic prosthetic
PVL closure, particularly when the defects are in
the anterior sewing ring, and thus are poorly-imaged

by TEE.

Cardiac computed tomographic assessment of
PVL. A recent meta-analysis of multimodality imag-
ing for prosthetic valve dysfunction concluded that
computed tomography (CT) allowed adequate
assessment of most modern prosthetic heart valves,
complementing echocardiographic detection of the
etiology of valve obstruction (pannus/thrombus or
calcifications) and endocarditis extent (valve dehis-
cence and pseudoaneurysm), without a clear advan-
tage over echocardiography for the detection of
vegetations or periprosthetic regurgitation (61). CT
can provide images with improved spatial resolution,
which allow for anatomic evaluation of PVL location
and can be used to plan interventions (12,15). A recent
study showed that CT and 2D TEE had similar diag-
nostic performance (sensitivity, specificity, positive
predictive value, negative predictive value, and
diagnostic accuracy) in the detection of PVL (65). CT
has significant limitations for PVL assessment: it
cannot display blood flow, requires iodinated contrast
media and ionizing radiation, and requires expertise
in CT post-processing/reconstruction. Nonetheless,
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CT is especially strong at anatomically characterizing
an area of valvular dehiscence and resultant PVL,
especially in the setting of mechanical valves with
significant shadowing during sonographic assess-
ment. CT can identify leak location and size of defect,
tract trajectory, calcification within the track and
adjacent annular tissue, as well as important sur-
rounding cardiac structures, and define the optimal
fluoroscopic angles to cross the defect (57). The
PVLARC recommends that CT angiography be per-
formed before consideration for reoperation.

Fusion hybrid imaging is also being increasingly

integrated into clinical practice (66). With proper
gating and multiplanar imaging, CT with fusion
imaging can determine the location of PVL, its path
and surrounding structures, and the fluoroscopic
angles for wiring and catheter cannulation (67). 3D
printing of CT data is also increasingly feasible (68),
facilitating the understanding of the defect.
CMR imaging for assessment of prosthetic valve
function. Studies have shown the feasibility and
accuracy of CMR for the assessment of prosthetic valve
function (69). Quantitation of regurgitation can be
performed by planimetry of the anatomic regurgitant
orifice area from the cine CMR acquisitions of the valve
(70,71), quantification of forward and backward flow
(72), and phase-contrast imaging (61). Phase-contrast
velocity mapping (also known as velocity-encoded
cine or Q flow) has become the primary mode for
assessing regurgitant volume by CMR, and provides
information on prosthetic flow patterns and velocities
for the visual detection of prosthetic regurgitation. For
this purpose, phase-contrast imaging is obtained in a
short-axis plane cutting the aorta just above the
prosthetic valve to measure the antegrade and retro-
grade aortic flows, and then to calculate the regur-
gitant volume and fraction (73).

The accuracy of CMR to grade PVL may be altered
by arrhythmias, as well as flow turbulences and signal
void in the vicinity of the prosthetic valve (especially
mechanical valves). Moreover, because the coronary
artery diastolic flow is included in the final regur-
gitant volume assessment, CMR may lead to a slight
overestimation of AR, and does not allow precise
separation among mild, trace, and no AR. Nonethe-
less, CMR can been used to not only quantify PVL
following transcatheter aortic valve replacement, but
also predict outcomes (43). CMR may be particularly
useful for corroborating the severity of regurgitation
in cases where echocardiography remains inconclu-
sive, and/or when there is discordance between the
echocardiographic grading of PVL severity and the
patient’s symptomatic status and/or degree of LV
dilation/dysfunction. The advantages of CMR for PVL
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assessment include the capacity to measure regur-
gitant volumes for multiple valve types, irrespective
of regurgitant jet number or morphology (74), and
high reproducibility of measurements (75). Further
outcome studies related to CMR grading of surgically-
placed prostheses are urgently needed to confirm the
cutpoint values of CMR regurgitant volume and
fraction that should be used to grade the severity of
chronic PVL.
Nuclear studies. Because implantation of trans-
catheter devices is contraindicated in the setting of
active endocarditis, nuclear studies, such as labeled-
leukocyte scintigraphy (76) and positron emission
tomography (PET) with '8F-fluorodeoxyglucose, may
help with the diagnosis of endocarditis in the setting
of prosthetic valves (77). ®F-fluorodeoxyglucose
PET/CT and PET/CT angiography may improve the
diagnostic accuracy of the modified Duke Criteria (78)
in patients with suspected infective endocarditis and
prosthetic valves (79).
Invasive hemodynamic assessment of PVL. Hemo-
dynamic measurements have also been proposed as a
means of quantifying the severity of regurgitation.
Although elevated filling pressures reflect the hemo-
dynamic consequences of regurgitation, and thus
indicate clinical compromise, there are limitations to
invasive hemodynamic assessment. There is poor
correlation between AR severity and aortic pressure
at end-diastole and pulse pressure (80,81). The
dicrotic notch on the downstroke of the arterial
pressure waveform is thought to represent slight
backward flow in the aorta on closure of the aortic
valve; absence of the dicrotic notch is associated with
severe AR, but cannot be used to define lesser grades.
Grading of AR using hemodynamic tracings has been
validated using measurement of the “corrected” dia-
stolic pulse pressure (between the dicrotic notch and
end-diastole) or the diastolic slope (slope of the
pressure drop following the dicrotic notch) (82), with
a direct relationship between these measurements
and larger regurgitant volumes. An AR index was
recently proposed to assess intraprocedural regurgi-
tation during transcatheter aortic valve implantation
(83), but has not been validated in the setting of
chronic PVL following surgical valve implantation.
Hemodynamic assessment in the setting of severe
mitral regurgitation is typically limited to the
nonspecific measurement of right heart pressures and
pulmonary capillary wedge pressure, as well as indi-
rect evidence of regurgitant flow (84). Direct LA
pressure measurements or assessment of LA to LV
pressure gradients are rarely warranted. Neither
method can delineate the mechanism of valvular
insufficiency.
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FIGURE 4 Diagnostic Work-Up

Within 1-6 Months post-op

Monitoring

SX-AVR - — - - mmm e -| ———————————————————————
TTE/TEE
No PVL Asymg\t/tlJ_matlc
: Continue
Routine Close Imaging
Monitoring Characterization

Symptomatic
PVL

Hematologic/
Biomarker
Characterization

Functional
Characterization

Symptomatic
Congestive
Heart Failure

Symptomatic
Hemolysis

Consider
Percutaneous
PVL Closure

Flow diagram of the suggested diagnostic work-up for patients with surgical prosthetic PVL. TEE = transesophageal echocardiography;
TTE = transthoracic echocardiography; other abbreviations as in Figure 1.

NONIMAGING ASSESSMENT. Blood biomarkers of
PVL. Recent studies suggest that the high-
molecular-weight von Willebrand factor multimeric
pattern may be used as a sensor of PVL following
valve procedure (85,86). A platelet function analyzer
that measures the time for platelet aggregation to
occlude a collagen and adenosine diphosphate
(ADP)-coated membrane (closure time with ADP), is
a point-of-care assay that is very sensitive to high-
molecular-weight multimer changes. Investigators
have shown that CT closure time with ADP could be
used to monitor in real-time valve hemodynamic
performance after transcatheter valve replacement,
and has prognostic utility (86).

The turbulent flow caused by the leak around the
prosthetic valve is presumed to generate excessive
shearing forces on red blood cells, resulting in intra-
vascular mechanical hemolysis (24). Factors that in-
crease shear stress, such as important pressure
fluctuations during strenuous physical activity, may
aggravate the hemolysis. Hemodialysis and the heart-
lung bypass machine are other causes of mechanical
hemolytic anemia that can be seen in patients with
significant PLV. Iron or folate deficiency may further
alter the erythrocyte membrane and favor hemolysis.

Specific laboratory studies may help confirm the
presence of hemolytic anemia. A hemoglobin or

hematocrit is an obvious first step, but significant
hemolysis may still be present despite a normal or
near-normal hemoglobin/hematocrit count if the
bone marrow is capable of compensating for the
peripheral red blood cell destruction. In such an
instance, the calculation of a reticulocyte produc-
tion index (or corrected reticulocyte count) may
help refine the diagnosis (87). The hemolysis
workup should also include serum LDH, hapto-
globin, iron and folic acid levels, and peripheral
blood smear examination for schistocytes. Consul-
tation with a hematologist is strongly advised. A
summary of the approach to diagnostic testing is
shown in Figure 4.

CORE PRINCIPLES IlI:
CLINICAL TRIAL DESIGN

DEFINITIONS OF CLINICAL SUCCESS FOR PVL TRIALS.
The following are definitions of success for PVL
closure.
Technical success (on exit from procedure
laboratory).

I. Absence of procedural mortality or stroke;

II. Successful access, delivery, and retrieval of the

device delivery system;

II1. Proper placement and positioning device(s);
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IV. Freedom from unplanned surgical or interven-
tional procedures related to the device or access
procedure; and

V. Continued intended safety and performance of
the device, including:

a. No evidence of structural or functional failure
of the prosthetic valve

b. No specific device-related technical failure
issues and complications

c. Reduction of regurgitation to no greater than
mild (1+) paravalvular regurgitation (and
without associated hemolysis).

Device success (30-day and all other

post-procedural intervals).

I. Absence of procedural mortality or stroke;

II. Original intended device(s) in place;

III. Freedom from unplanned surgical or interven-
tional procedures related to the device or access
procedure; and

IV. Continued intended safety and intended perfor-
mance of the device:

a. Structural performance: no migration, emboli-
zation, detachment, fracture, worsening of
hemolysis, or systemic emboli related to device
thrombosis or endocarditis, among others;

b. Hemodynamic performance: persistent reduc-
tion in paravalvular insufficiency without pro-
ducing central valvular

stenosis; and

c. Absence of para-device complications (e.g.,

erosion of bioprosthetic leaflet or surrounding

incompetence or

tissue, LVOT, or valvular gradient increase
>10 mm Hg)

Procedural success (<30 days).
I. Device success:
a. Defined as complete versus incomplete PVL
closure;
b. For incomplete closure (i.e., residual PVL):
grading of severity should be performed; and
c. Appropriate recommendations for change in

PVL severity, improvement in HF, or hemolysis

should be determined by the specific patients

being studied:

i. For instance, when using a 5-class scheme,
procedural success in patients with HF may
be defined as less than or equal to mild
(or =1+ in 4-class) plus reduction of at least 1
class of PVL severity.

ii. Procedural success for patients presenting
with hemolysis may be defined as a reduc-
tion of PVL severity that results in resolution
of hemolysis.
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II. No device- or procedure-related serious adverse
events (life-threatening bleed; major vascular or
cardiac structural complications requiring un-
planned reintervention or surgery; stage 2 or 3
acute kidney injury [includes new dialysisl;
myocardial infarction or need for percutaneous
coronary intervention or coronary artery bypass
graft; severe HF or hypotension requiring IV ino-
trope, ultrafiltration or mechanical circulatory
support; prolonged intubation >48 h).

Individual patient success (1-year).
I. Device success and all of the following
a. No rehospitalizations or reinterventions for the
underlying condition (e.g., hemolysis or HF);
and
b. Return to prior living arrangement (or equiva-
lent); and
c. Improvement versus baseline in symptoms
(improvement in NYHA functional class =1 vs.
baseline); and
d. Improvement versus baseline in functional sta-
tus (6-min walk test improvement by =25 meters
vs. baseline) in patients who could complete this
test pre-procedure; and
e. Improvement versus baseline in QOL (e.g.,
Kansas City Cardiomyopathy Questionnaire or
Minnesota Living With Heart Failure improve-
ment by =10 vs. baseline).

RELEVANT ENDPOINTS: PRIMARY AND SECONDARY.
The PVLARC Writing Group uses terminology as per
the 2014 AAC/AHA Key Data Elements and Definitions
for Cardiovascular Events in Clinical Trials (88). In
1988, the cardiovascular surgery societies pioneered
the importance of standardized adverse event (AE)
definitions in valve disease for adjudicating events in
clinical trials, comparing clinical results of therapeu-
tic interventions in valve disease, and standardizing
reporting of events to facilitate data analysis (89).
More recently, the ARC has contributed guidelines
for standardized definitions of AEs in several areas
of interventional cardiology, including bleeding
(Bleeding Academic Research Consortium [BARC])
(90), transcatheter aortic valve implantation (VARC-2)
(3), and mitral valve repair and regurgitation (Mitral
Valve Academic Research Consortium) (4).

Building on the previous VARC publications,
PVLARC provides definitions to support standardized
reporting of the AEs associated with both surgical
and transcatheter treatment of PVL. Such standardi-
zation is important for clinical trials testing new
interventions and for reporting the results of these
interventions. An independent clinical events
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TABLE 5 Mortality Endpoints

All-cause mortality

Cardiovascular mortality
Any of the following criteria:

e Death due to proximate cardiac cause (endocarditis, valve
interference, cardiac tamponade, worsening heart failure)

e Death caused by noncoronary vascular conditions, such as
neurological events, pulmonary embolism, aortic
dissection, or other vascular disease

e All procedure-related deaths, including those related to a
complication of procedure or treatment for a
complication of procedure

e All device-related deaths including structural or
nonstructural device dysfunction or embolization or other
valve-related adverse events

e Sudden or unwitnessed death

e Death of unknown cause

Noncardiovascular mortality

e Any death in which the primary cause of death is clearly
related to another condition (e.g., trauma, cancer, suicide)

committee should prospectively define AEs and
assess their relatedness to clinical trial interventions.
The adjudication of events should not be limited to
the acute procedure period (30 days), but also, when
appropriate, longer periods (e.g., death months after
a disabling stroke due to the procedure).

AE ENDPOINTS. Mortality. Mortality for PVL pro-
cedures should be divided into all-cause and
cardiovascular mortality. As with other ARC defi-
nitions, data on immediate procedural mortality and
procedural mortality should also be gathered
(Table 5). Immediate procedural mortality refers to
intraprocedural events that result in immediate or
consequent death <72 h after the procedure (3).
Procedural mortality is all-cause mortality within 30
days or during the index hospitalization (if this is
longer than 30 days). Reporting of mortality events
is important in PVL closure, and should be reported
after 30 days during the follow-up, and then
annually for up to 5 years. Adjudication of mortality
should be performed using a combination of clinical
and other contexts at the time of the index
procedure. When possible, national death registries
and databases should be used to check for mortality
in patients lost to follow-up.

Stroke. Imaging. Various multisociety
documents (89,91,92) have observed that new
diffusion-weighted magnetic resonance imaging
sequence abnormalities may be present after cardio-

consensus

vascular procedures; however, the clinical significance
of those findings is unknown. Definitions relevant to
neurological events are listed in Table 6. Brain
imaging is often performed for evaluation of stroke,
typically using modalities such as CT for acute
hemorrhage, as well as for acute, subacute, and
chronic infarction. Magnetic resonance imaging is

TABLE 6 Stroke and TIA Endpoints

Diagnostic criteria

Acute episode of a focal/multifocal neurological deficit with at least 1 of the

following: change in the level of consciousness, hemiplegia, hemiparesis,

unilateral numbness/sensory loss, dysarthria, aphasia, hemianopsia, amau-

rosis fugax, or other neurological signs or symptoms consistent with stroke

Stroke: duration of neurological deficit >24 h and belief by a neurologist

that symptoms represent a stroke; or <24 h if available neuroimaging

documents a new infarct or hemorrhage; or the neurological deficit results

in death

TIA: duration of neurological deficit <24 h, and neuroimaging does not

demonstrate a new infarct or hemorrhage

No other readily identifiable nonstroke cause for the clinical presentation

(e.g., brain tumor, trauma, infection, hypoglycemia, peripheral lesion,

pharmacological influences) to be determined by or in conjunction with the

designated neurologist

Confirmation of the diagnosis by at least 1 of the following:

o Neurologist or neurosurgical specialist

o Neuroimaging procedure (CT or magnetic resonance imaging); but stroke
may be diagnosed on clinical grounds alone

Stroke classification

Ischemic: an acute episode of focal cerebral, spinal, or retinal dysfunction
caused by infarction of the central nervous system tissue

Hemorrhagic: an acute episode of focal or global cerebral or spinal
dysfunction caused by intraparenchymal, intraventricular, or subarachnoid
hemorrhage

A stroke may be classified as undetermined if there is insufficient
information to allow categorization as ischemic or hemorrhagic (e.g., unable
to perform imaging)

Stroke definitions

Disabling stroke: an mRS >2 at 90 days from symptom onset; if baseline
mRS (>2) and there is an increase of at least 1 point in the mRS category
from an individual's pre-stroke baseline

Nondisabling stroke: an mRS score of 0-2 at 90 days or one that does not
result in an increase in at least 1 mRS category from an individual's pre-
stroke baseline if his or her baseline is >2

CT = computed tomography; mRS = modified Rankin Scale; TIA = transient ischemic attack.

more sensitive for acute infarction, and can also
identify chronic ischemia, as well as both acute and
chronic hemorrhage. Imaging as a stand-alone entity
should not be used to diagnose a stroke; the
diagnosis should be made in conjunction with
clinical assessment, preferably by a neurologist.
Primary endpoints. All strokes (ischemic and hemor-
rhagic) and transient ischemic attacks should be re-
ported as endpoints, as defined in Table 6.
Secondary endpoints. Functional outcome should be a
secondary endpoint of the investigation. The modi-
fied Rankin Scale is often used for this purpose (93).
Functional outcome should be assessed and docu-
mented by a certified provider at all scheduled visits
in the trial, and at 90 days after stroke onset, as well
as at the trial’s end of follow-up. Disabling stroke is
another secondary endpoint that is usually defined at
90 days from symptom onset (Table 6).
Management. If a potential neurological endpoint
occurs, patients should be assessed by a neurologist
as soon as possible, and brain imaging should be
completed (magnetic resonance imaging or CT). In
addition, baseline risk factors should be assessed and
documented for patients to identify the cause of the
stroke. Strokes that occur after the procedure show
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TABLE 7 Bleeding Endpoints

Life-threatening or disabling bleeding

Major bleeding (BARC type 3a)

Minor bleeding (BARC type 2 or 3a, depending on severity)

Fatal bleeding (BARC type 5) or

Bleeding in a critical organ, such as intracranial, intraspinal, intraocular, or
pericardial necessitating pericardiocentesis, or intramuscular with
compartment syndrome (BARC type 3b and 3c) or

Bleeding causing hypovolemic shock or severe hypotension requiring
vasopressors or surgery (BARC type 3b) or

Overt source of bleeding with drop in hemoglobin >5 g/dl or whole blood or
packed RBC transfusion >4 U (BARC type 3b)

Overt bleeding either associated with a drop in the hemoglobin level of at
least 3.0 g/dl or requiring transfusion of 2 or 3 U of whole blood/RBCs, or
causing hospitalization or permanent injury, or requiring surgery and does
not meet criteria of life-threatening or disabling bleeding

Any bleeding worthy of clinical mention (e.g., access site hematoma) that
does not qualify as life-threatening, disabling, or major

BARC = Bleeding Academic Research Consortium; RBC = red blood cell.

the importance of investigating adjunctive pharma-
cotherapy after PVL closure. Medications and doses
should be included. Acute stroke management stra-
tegies should also be recorded.

BLEEDING COMPLICATIONS. The standard BARC
classification of bleeding complications remains
applicable to PVL closure (Table 7). An objective
assessment is necessary, including risk stratification
of bleeding events associated with mortality or
chronic sequelae. Bleeding can be divided into life-
threatening bleeding, major bleeding, and minor
bleeding. Transfusions should be recorded in case
report forms.

HEMOLYSIS. Although hemolysis may be commonly
seen with mechanical prostheses, it rarely causes
overt anemia or requires transfusions (94,95). Severe
hemolytic anemia may require repetitive transfusions
that would not be related to bleeding and/or hemor-
rhagic complication, as defined in the previous sec-
tion. To standardize the reporting of endpoints in

TABLE 8 Hemolytic Anemia*

Grade

Severity Definition of Anemia

1

5

Mild, with mild or no symptoms; no
interventions required

Hb <LLN to 10.0 g/dl

Moderate; minimal intervention indicated;
some limitation of activities

Hb <10.0 g/dl to 8.0 g/dl

Severe but not life-threatening;
hospitalization required; limitation of
patient's ability to care for him/herself

Hb <8.0 g/dl; transfusion
indicated

Life-threatening; urgent intervention
required

Life-threatening
consequences; urgent
intervention indicated

Death related to adverse event Death

*From the U.S. Department of Health and Human Services et al. (114).

Hb = hemoglobin; LLN = lower limit of normal.
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TABLE 9 AKI Staging

Stage 1

e Increase in serum creatinine to 150%-199% (1.5-1.99x increase
compared with baseline) or increase of >0.3 mg/dl
(>26.5 mmol/l)

e Urine output <0.5 ml/kg/h for 6-12 h

Stage 2

e Increase in serum creatinine to 200%-299% (2.0-2.99x
increase compared with baseline)

e Urine output <0.5 ml/kg/h for =12 h

Stage 3

e Increase in serum creatinine to >300% (>3x increase
compared with baseline) or

e Increase in serum creatinine of =4.0 mg/dl (=353.6 mmol/l) or

e Initiation of renal replacement therapy or

e In patients <18 years of age, decrease in eGFR to
<35 ml/min/1.73 m? or

e Urine output <0.3 ml/kg/h for =24 h or

e Anuria for =12 h

AKI = acute kidney injury; eGFR = estimated glomerular filtration rate.

oncology/hematology clinical trials, the National
Cancer Institute has developed Common Terminology
Criteria that could be applied to hemolytic anemia in
the context of a cardiovascular intervention. In this
context, the severity of anemia is reported by grade
on a scale of 1 to 5, as described in Table 8. The
number and frequency of transfusions should be
recorded. As noted previously, a comprehensive
assessment of blood markers of hemolysis should be
performed, including serum LDH, serum haptoglobin
levels, antiglobulin antibodies, serum iron and folic
acid levels, and peripheral blood smear examination
for schistocytes.

ACUTE KIDNEY INJURY. Small changes in kidney
function can lead to acute kidney injury (AKI) and
increased risk for mortality (96). The Kidney Disease:
Improving Global Outcomes system is a modification
of the Acute Kidney Injury Network classification that
allows for AKI diagnosis up to 7 days after the index
procedure (Table 9) (97). AKI is defined as any of the
following (not graded):

e Increase in serum creatinine by =0.3 mg/dl
(=26.5 umol/l) within 48 h; or

e Increase in serum creatinine to =1.5x baseline,
which is known or presumed to have occurred
within the prior 7 days; or

e Urine volume <0.5 ml/kg/h for 6 h.

VASCULAR ACCESS-SITE AND ACCESS-RELATED
COMPLICATIONS. Major and minor access-site com-
plications are inescapable, but major vascular com-
plications are important clinical endpoints (Table 10).
The access site includes any location (arterial or
venous) traversed by a guidewire, catheter, or sheath
(including the LV apex). Access-related is defined as
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any adverse clinical consequence associated with the
access site. Vascular access can be a combination of
femoral arterial or venous access, as well as LV apical
access. Pre-planned surgical access or planned
endovascular approach to vascular closure is part of
the procedure, and is not a complication unless clin-
ical complications are documented (e.g., bleeding,
limb ischemia, distal embolization, or neurological
impairment). Complications for all sites should be
systematically recorded. All vascular complications
should be recorded as either access-site related (e.g.,
femoral artery dissection) or non-access-site related
(e.g., aortic dissection or rupture). Complications that
fulfill multiple criteria (vascular access site and major
bleeding) should be listed under both headings.

OTHER PVL CLOSURE-RELATED COMPLICATIONS.
PVLARC recommends definitions for several other
endpoints (Table 11).

SURROGATE IMAGING ENDPOINTS. The primary
imaging endpoints should be 2D or 3D Doppler echo-
cardiographic assessment of regurgitation severity
and its consequences on LV mass, size, and function,
as well as estimates of pulmonary artery pressure.
Deformation characteristics of the LV have been
studied in patients with native aortic regurgitation
(98). Myocardial strain and energy dissipation (99)
might serve as more sensitive markers of the LV
load imposed by the leakage, thus facilitating an
earlier stratification of PVL patients and precluding
the need to wait for negative remodeling to develop.
These markers need to be evaluated.

FUNCTIONAL ASSESSMENT. Multiple well-recognized
prognostic indicators describe clinical and functional
capacity, including: peak oxygen consumption, which
is the standard measurement for assessment of
exercise capacity; NYHA functional class, which is the
standard grading system of functional status in the
clinical setting; and the 6-min walk test, which is
considered a realistic assessment of daily physical
activity (100). These and other functional parameters
have been shown to be prognostic indicators in recent
transcatheter aortic valve replacement trials
(101-103), and require further study in this popula-
tion. Given the complex nature of this parameter, the
investigation of new means of defining functional
capacity, such as activity trackers (104,105), may be
useful in this patient population.

QOL ENDPOINTS. A comprehensive assessment of
health-related QOL, which incorporates both an
HF-specific measure (such as the Minnesota Living
With Heart Failure [106] and the Kansas City Cardio-
myopathy Questionnaire [107]) and 1 or more generic
measures (such as the EuroQOL [108]), is important
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TABLE 10 Vascular Complications

Major vascular complications

e Access site or access-related vascular injury (dissection, stenosis,
perforation, rupture, arteriovenous fistula, pseudoaneurysm, hematoma,
irreversible nerve injury compartment syndrome, percutaneous closure
device failure) leading to death, life-threatening or major bleeding, visceral
ischemia, or neurological impairment or

e Distal embolization (noncerebral) from a vascular source requiring surgery
or resulting in amputation or irreversible end-organ damage or

e The use of unplanned endovascular or surgical intervention associated
with death, major bleeding, visceral ischemia, or neurological
impairment or

e The use of unplanned endovascular or surgical intervention associated with
death, major bleeding, visceral ischemia, or neurological impairment or

e Any new ipsilateral lower extremity ischemia documented by patient
symptoms, physical examination, and/or decreased or absent blood flow on
lower extremity angiogram or

e Surgery for access site-related nerve injury or

e Permanent access site-related nerve injury

Minor vascular complications

e Access site or access-related vascular injury (dissection, stenosis,
perforation, rupture, arteriovenous fistula, pseudoaneurysms, hematomas,
percutaneous closure device failure) not leading to death, life-threatening
or major bleeding, visceral ischemia, or neurological impairment or

o Distal embolization treated with embolectomy and/or thrombectomy and
not resulting in amputation or irreversible end-organ damage or

e Any unplanned endovascular stenting or unplanned surgical intervention
not meeting the criteria for a major vascular complication or

e Vascular repair or the need for vascular repair (via surgery, ultrasound-
guided compression transcatheter embolization, or stent-graft)

Percutaneous closure device failure

o Failure of a closure device to achieve hemostasis at the arteriotomy site
leading to alternative treatment (other than manual compression or
adjunctive endovascular ballooning)

TABLE 11 Other PVL Closure-Related Complications

Conversion to open surgery
Unplanned use of cardiopulmonary bypass or hemodynamic support device

Valvular interference
e Angiographic or echocardiographic evidence of a new, partial, or complete
interference of the valvular leaflet by the device after release

Coronary obstruction

e Angiographic or echocardiographic evidence of a new, partial, or
complete obstruction of a coronary ostium, either by the device or valve
after release

Device or valve endocarditis
Any one of the following
o Fulfillment of the Duke endocarditis criteria
e Evidence of abscess, paravalvular leak, pus, or vegetation confirmed as
secondary to infection by histological or bacteriologic studies during
reoperation
e Findings of abscess, pus, or vegetation involving a repaired or replaced
valve during an autopsy
Device or valve thrombosis
e Any thrombus attached to or near an implanted device that occludes part
of the blood flow path through the valve, interferes with valve function, or
is sufficiently large to warrant treatment. Of note, device or valve-related
thrombus found post-mortem should not be noted as device thrombosis if
cause of death was not device- or valve-related.
Valve dehiscence
Complication due to transseptal crossing
New or worsening hemolysis
e Secondary to the device

Reprinted with permission from Durack et al. (78).
PVL = paravalvular leak.
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for patients undergoing PVL closure. Compared with
the questionnaire-based scores (e.g., EuroQOL five
dimensions questionnaire), self-rated assessments
(e.g., EQ visual analogue score) tend to be lower at
baseline and demonstrate greater improvement
thereafter (109), representing a potentially more
sensitive marker of health status improvement after
therapy. Notably, the attrition of the sickest patients
with severe PVL might lead to a spurious improve-
ment of QOL measurements over time. Therefore, a
“poor outcome,” defined as death or poor QOL, is
always preferred to an isolated QOL score (110). Until
the data on the specific impact of PVL on health-
related QOL become available, PVLARC recommends
that an early (30 days) HF-specific assessment be
combined with a generic self-rated visual analog, as
well as death, in a comprehensive “poor outcome”
parameter to rate the overall health status
improvement.

TRIAL DESIGN IN PVL. Innovative trial design for
transcatheter closure devices should be contemplated
to reduce sample size, costs, and operational burden,
while maintaining a high degree of scientific validity.
Before a trial can be properly designed, the PVL study
group must be carefully defined, the clinical question
to be addressed should be precisely identified, the
device(s) should be selected, and clinical success
should be defined. There are several possible trial
designs, including comparing PVL reduction by
transcatheter therapies to surgical correction in pa-
tients with moderate disease, or to medical therapy
alone in patients unsuitable for surgery.

Trial design for PVL closure is plagued by unsolved
practical and ethical issues. For instance, because of
the relative rarity of PVL, sample size is an important
consideration. Additionally, a clinical trial of surgical
versus percutaneous PVL intervention could be hin-
dered by several factors, including cost, patient
reluctance to be randomized (by definition all pa-
tients will have had prior thoracotomy), or inability to
blind investigators or imaging core laboratories
(percutaneous PVL technology has distinct imaging
footprints). Furthermore, PVL surgery generally has
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poor outcomes, with substantial mortality and poor
freedom from recurrence. We have a less-robust
experience with clinical studies of transcatheter
closure. The emergence of some evidence in favor of
transcatheter closure of PVL may challenge the basis
for clinical equipoise, and would raise questions
about how best to design the randomization of
vulnerable patients in a clinical trial where epistemic
indifference might be lacking.

Nonetheless, these issues also open the door to
innovative trial designs for prospective clinical
investigation in rapidly evolving fields, such as PVL
closure, where what is thought to be true at the start
of a trial may no longer be accurate at its end.
Because the use of different trial designs may be
appropriate for any given study, a discussion of all
trial designs is outside the scope of this document.
Investigators should understand the rationale
behind trial designs such as adaptive randomization
(111), Bayesian statistics (112), and randomized reg-
istry trials (113).

CONCLUSIONS

This consensus document is derived from multidis-
ciplinary expertise, and represents a first step toward
standardization of core principles and endpoint defi-
nitions in clinical studies of PVL treatment. Despite
limitations to and unresolved questions concerning
current trial design, the PVLARC committee recom-
mends these standards for clinical PVL studies in
surgical prostheses.
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ABSTRACT

Objectives: The aim of this study was to determine immediate results and long-
term outcomes after surgical management of paravalvular leak (PVL).

Methods: Between 1995 and 2012, a total of 190 patients underwent primary sur-
gical repair (n = 142) or valve replacement (n = 48) for a PVL at our institution.
The PVL was mild in 6 (3%) patients, moderate in 85 (45%), moderate to severe
in 84 (44%), and severe in 15 (8%). Among these, 120 (63%) had PVL in the
mitral position, 63 (33%) had PVL in the aortic position, and 7 (4%) had PVL
in both valves. Mean follow-up was 5.3 &+ 4.6 years.

Results: Mean age at surgery was 63 + 12 years (64% men). Operative mortality
occurred in 13 (7%) patients (10 [8 %] in mitral; 2 [3%] in aortic; and 1 [14%] in
double valve procedures). Survival at 1, 5, and 10 years was 85% + 3%,
73% =+ 4%, and 56% =+ 5%, respectively. The cumulative incidence of PVL
recurrence was 3% =+ 1%, 14% =+ 3%, and 32% =+ 6%, at 1, 5, and 10 years,
respectively. The number of previous surgeries was a predictor of survival and
PVL recurrence. Freedom from New York Heart Association class >III was
96% =+ 2%, 82% + 4%, and 58% =+ 6%, at 1, 5, and 10 years, respectively.
The freedom from rehospitalization for heart failure was 92% =+ 2%,
83% =+ 4%, and 67% + 6%, at 1, 5, and 10 years.

Conclusions: Surgical treatment of PVL resulted in acceptable outcomes.
Nevertheless, the continued risk of PVL recurrence is higher in patients who
have had multiple previous surgeries. More studies are needed to compare these
results with the transcatheter PVL reduction technique. (J Thorac Cardiovasc Surg
2016;151:1260-6)
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Survival after surgical correction of mitral and/or
aortic paravalvular leak.

Central Message

Surgical correction of PVL is effective in
improving patient survival and symptoms.

Perspective

Paravalvular leak is the most common
nonstructural valve replacement dysfunction
after heart valve replacement. In the last
decade, transcatheter reduction of PVLs has
emerged as an alternative to the surgical treat-
ment in inoperable and high-risk patients. How-
ever, surgical PVL correction remains the gold
standard, as it associated with higher long-term
survival and better symptom relief.

See Editorial Commentary page 1267.

A paravalvular leak (PVL) is an incomplete apposition of a
heart valve prosthesis on the native valve annulus. This
complication is the most common form of nonstructural
valve dyfunction observed after a heart valve replacement.
The reported annual incidence of PVL ranges between
0.1% and 1.0% per year after aortic valve replacement,
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and between 0.2% and 1.4% per year after mitral valve
replacement.’ ™

Most patients with mild to moderate PVL remain asymp-
tomatic with no clinical consequence.” However, patients
with severe PVL can present with cardiac failure and
hemolysis, impairing functional capacity and long-term
survival.” Surgical reintervention remains the gold standard
therapy for these patients, as it has been reported to improve
symptoms and long-term outcomes compared with medical

Scanning this QR code will take
you to supplemental figures for
this article.
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Abbreviations and Acronyms

CI = confidence interval
HR = hazard ratio
IQR = interquartile range

NYHA = New York Heart Association
PVL = paravalvular leak
TEE = transesophageal echocardiography

therapy.® Transcatheter reduction of PVLs has emerged as
an alternative for patients who are deemed unsuitable for
surgery. Recent reports indicate clinical outcomes observed
with this technique.’ Rigorous data on outcomes after surgi-
cal treatment of PVL are thus needed to provide a suitable
standard of comparison for these new therapies. The aim
of this study was to determine immediate results and
long-term outcomes after surgical management of aortic
and/or mitral PVL.

METHODS
Study Population

Our institution’s Heart Valve Clinic database was queried to identify
all patients who underwent surgical correction of aortic and/or mitral
PVL between January 1995 and December 2012, either as a primary
or secondary indication. During this period, 7650 patients underwent
valvular heart surgery at our center. Paravalvular leak was defined as
a regurgitant jet between prosthesis ring and native tissues on TEE. Pa-
tients with active endocarditis at the time of surgery were excluded
(n = 12).

The study population comprised a total of 190 patients who underwent
either primary surgical repair (n = 142) or valve replacement (n = 48) for
an aortic and/or mitral PVL. Of these, 120 (63%) had PVL in the mitral
position, 63 (33%) had PVL in the aortic position, and 7 (4%) had PVL
in both valves. A total of 169 (89%) patients had PVL on a mechanical
prosthesis.

7% LCS 25%
9 RCS
56 % NCS 20%

Data Collection and Outcomes

Preoperative, operative, and long-term data were prospectively
collected through our valve clinic database. All patients were followed
on a yearly basis, using mail questionnaires and phone interviews. All post-
operative transthoracic echocardiography at follow-up was reviewed to
determine the recurrence of PVL. Data were completed and verified by
additional data gathered from medical records. Perioperative and long-
term outcomes are reported according to Society for Thoracic Surgeons
guidelines.®

Paravalvular leak location was determined from preoperative transe-
sophageal echocardiography (TEE) and operative TEE’ (Figure 1). The
primary outcomes were operative mortality (<30 days or during index
hospitalization) and long-term survival. Secondary outcomes were
PVL recurrence, freedom from NYHA functional class >III, and
freedom from first rehospitalisation for heart failure. The mean and me-
dian follow-up were 5.3 £ 4.6 years and 5.1 years (interquartile range
[IQR]: 2.3-9.0 years), respectively. The completeness of follow-up at
2 years was 72%. The study was approved by the local ethics commit-
tee of the Montreal Heart Institute, and a waiver of consent was
obtained.

Statistical Analysis

Continuous data were expressed as mean +/— standard deviation, and
categoric variables were presented as frequency (%). Skewed variables
were expressed as median (IQR). Differences between continuous vari-
ables were tested using a ¢ test or analysis of variance when normally
distributed. Otherwise, a nonparametric test was used. Categoric variables
were compared using a Chi-square test or Fisher’s exact test, as
appropriate.

Actuarial survival and freedom from late adverse events curves were ob-
tained using the Kaplan-Meier method. Survival and late outcomes were
compared between groups, by means of the log rank test or Breslow’s
test, as appropriate. Predictors of long-term survival and recurrence of
PVL were assessed using a multivariate Cox regression. All variables
deemed to be of clinical significance were considered to have potential
to create a confounding effect and were included in the multivariable model
building.

Independent variables included in the multivariable Cox regression
model for “survival” were: preoperative chronic obstructive pulmonary
disease, creatinine clearance <50 mL/minute, number of previous cardiac
operations (categorized as 1, 2, and >3), age, pulmonary artery pressure

.' AML
9 \ 3
\
33% N\, 44%

ACQ

A 64% 6 64% B 35%

FIGURE 1. A, Aortic and (B) mitral paravalvular leak prevalence in each clock position according to the native valve anatomy. LCS, Left coronary sinus;
RCS, right coronary sinus; NCS, noncoronary sinus; AML, anterior mitral leaflet; PML, posterior mitral leaflet.
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TABLE 1. Demographic characteristics

Variables Total (n = 190) MVR group (n = 120) AVR group (n = 63) DVR group (n =7) P value
Gender, male 122 (64) 65 (54) 51 (81) 6 (86) <.001
Age (y) 63 + 12 64 + 11+ 61 + 12 54 +21* .022
Comorbidities
Diabetes 23 (12) 12 (10)t 10 (16)F 1(14) 51
Hypertension 112 (59) 76 (63) 31 (49) 5(71) .14
Smoker 22 (14) 12 (10) 9 (14) 1(14) .68
COPD 35 (18) 21 (17) 11 (17) 3(43) 31
Chronic renal failure 112 (59) 80 (67)t 29 (46)t 3(43) .02
CAD 47 (25) 29 (24) 17 (27) 1(14) .55
History of endocarditis 27 (14) 16 (13) 8 (13) 3(43) .09
Hemolysis 66 (34) 53 (44)t 7D, 6 (85)t <.001
NYHA
I 4(2) 1(1) 3(5) 0(0) .10
I 35 (18) 15 (12) 17 (22) 3(43)
I 129 (68) 86 (72) 39 (62) 4 (57)
v 22 (12) 18 (15) 4 (6) 0(0)
LVEF (%)
<40 19 (10) 9 (8) 8 (13) 2 (29) .19
40-55 63 (33) 45 (37) 16 (25) 2 (29)
>55 108 (57) 66 (55) 39 (62) 3(43)
Prosthesis type
Mechanical 169 (89) 111 (93) 52 (83) 6 (86) 37
Bioprothesis 21 (11) 9(7) 11 (17) 1(14)
Time since valve replacement (y) 85+98 9.1 +7.38 7.8+ 13 40+£2.6 41
Primary indication 171 (90) 108 (90) 56 (89) 7 (100) .65
PVL severity
Mild 6 (3) 3(2) 3(5 0(0) .70
Moderate 85 (45) 56 (47) 26 (41) 3(42)
Moderate to severe 84 (44) 51 (43) 30 (48) 3(42)
Severe 15 (8) 10 (8) 4 (6) 1(8)
Number of previous surgeries
2 54 (28) 45 (38)1 9 (14)t 0(0) <.001
>3 35(18) 30 (25)t 2 (3.1 3 (43)t <.001
Euroscore (%) 9.0+74 9.6 £69 79+82 9.7+6 34
Parsonnet score (%) 29 + 18 34 £ 17t 19 £+ 15+ 23+ 15 <.001

Categoric variables are presented as frequency (%); continuous variables are presented as mean =+ standard deviation when normally distributed. MVR, Mitral valve replacement;
AVR, aortic valve replacement; DVR, double valve replacement; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; NYHA, New York Heart Asso-
ciation; LVEF, left ventricle ejection fraction; PVL, paravalvular leak. *Statistically significant difference between MVR and DVR groups. fStatistically significant difference

between MVR and AVR groups. iStatistically significant difference between AVR and DVR groups.

>55 mm Hg, and a decreased left ventricular ejection fraction (<50%).
Independent variables included in the multivariable model for “‘recurrence
of PVL” were number of previous cardiac operations, surgical technique
(repair vs replacement), and preoperative history of endocarditis. Data
were analyzed using SPSS 21.0 (IBM Corp, Armonk, NY) and Kaplan—
Meier curves generated using Stata 13 (Stata Corporation, College
Station, Tex).

RESULTS
Preoperative Baseline Characteristics

Main preoperative baseline characteristics are presented
in Table 1. The mean age was 63 4+ 12 years (64% men).
Median time between valve replacement and surgical
correction of PVL was 7 years (IQR: 4-12 years; range:
1 day to 27 years). The period of initial surgery was between
1972 and 2011. The mean Euroscore II'” and Parsonnet

score'' were 9.0% = 7.4% and 29% =+ 18%, respectively.
Hemolysis was present in 66 (34%) patients and congestive
heart failure in 169 (89%) patients. In the aortic position,
the PVL was predominantly in the noncoronary commis-
sure, whereas mitral PVLs were predominantly in the
postero-median commissure (Figure 1). Fourteen (8%) pa-
tients had a failed transcatheter PVL reduction (residual
PVL equal or superior to moderate) attempt prior to surgery.

Operative Details

Twenty-three (12%) patients underwent concomitant
coronary artery bypass grafting, and 22 (12%) had other
valve procedures. Mitral PVL correction was performed
through thoracotomy in 18 (15%) patients. The mean
cardiopulmonary bypass and aortic cross-clamp times
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TABLE 2. Operative details and early postoperative complications

Variable Total (n = 190) MVR group (n = 120) AVR group (n = 63) DVR group (n =7) P value

Repair 142 (75) 91 (76) 44 (70) 7 (100) .20
Pericardium or Teflon patch 54) 3(3) 2(5) 0 (0) .83
Concomitant procedures

Isolated PVL surgery 98 (52) 60 (50) 33 (52) 4(57) .61

Other valve procedure 55 (29) 46 (38)*,t 9 (14)* 0 (0)f <.001

CABG 23 (12) 11(9) 11 (17) 1(14) 27

Other procedure 22 (12) 12 (10) 10 (16) 0(0) 31
Bypass time (min) 121 + 59 119 £55 121 £+ 68 146 £+ 55 .50
Cross-clamp time (min) 79 + 44 78 + 42 77 £ 47 115 + 48 .08
Early mortality (<30 d) 13 (7) 10 (8) 23 1(14) 31
Length of stay (d) 13£15 15+17 9.5+55 8§+7 .05
Reintervention for bleeding 15 (8) 8(7) 5(@8) 2 (28) .06
Myocardial infarction 32 3(3) 0 () 0(0) 44
Acute renal failure 31 (16) 23 (19) 7(11) 1(14) 43
Dialysis 2(1) 2(2) 0 (0) 0(0) .58
AF 33 (17) 17 (14) 15 (24) 1(14) .08
PPM 19 (10) 15 (13) 4(6) 0(0) 35
Stroke 4(2) 3(3) 1(2) 0(0) .88
TIA 3(2) 3(3) 0(0) 0(0) 44
Delirium 9(5) 4(3) 4(6) 1(14) 22
Residual PVL at discharge

Trivial to mild 74) 4(3) 3(5 0(0) .84

Mild to moderate 2(1) 2(2) 0 (0) 0 (0)

Categoric variables are presented as frequency (% ); continuous variables are presented as mean =+ standard deviation when normally distributed. MVR, Mitral valve replacement;
AVR, aortic valve replacement; DVR, double valve replacement; PVL, paravalvular leak; CABG, coronary artery bypass grafting; AF, atrial fibrillation; PPM, permanent pace-
maker; TTA, transient ischemic attack. *Statistically significant difference between MVR and AVR groups. fStatistically significant difference between MVR and DVR groups.

were 121 + 59 minutes and 79 £ 44 minutes, respectively.
Teflon or pericardium patches were used in 5 (4% ) patients.
Postoperative TEE showed trivial-to-mild residual PVL in
7 (4%) patients, and mild-to-moderate residual PVL in 2
(1%) patients. No severe residual PVL occurred (Table 2).

Early Complications

Overall, 30-day mortality was 7% (n = 13; 3% [n = 2]
for aortic valve replacement; 8% [n = 10] for mitral valve
replacement; and 14% [n = 1] for double valve replace-
ment). The ratio between observed early mortality over ex-
pected, by Euroscore II, was 0.76 (95% confidence interval
[CI] = 0.41-1.24; Fisher’s exact test: P = .865). Reinterven-
tion for bleeding occurred in 15 (8%) patients. Acute renal
failure was reported in 31 (16%) patients, 2 (6%) of which
required dialysis. Postoperative stroke and transient
ischemic attack occurred in 4 (2%) and 3 (2%) patients,
respectively. The median hospital stay was 10 days [IQR:
7-15 days]. Postoperative complications are summarized
in Table 2.

Long-Term Outcomes

The cumulative survival was 85% =+ 3%, 73% =+ 4%,
and 56% + 5%, at 1, 5, and 10 years (Figure 2, A). No sur-
vival difference was found between the aortic versus mitral
valve replacement groups (Figure 2, B). The cause of death
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was cardiac in 18 (29%) patients, valve related in 2 (3%),
noncardiac in 10 (16%), and unknown in 32 (51%).

In multivariable Cox regression, preoperative chronic
obstructive pulmonary disease (hazard ratio [HR] = 4.31,
95% CI = 2.89-8.12, P < .001); creatinine clearance
<50 mL/minute (HR = 2.25, 95% CI = 1.18-4.29,
P = .013), a history of >3 previous cardiac operations
(>3 vs 1 [HR = 3.20, 95% CI = 1.55-6.59, P = .002]
and >3 vs 2 [HR = 2.02, 95% CI = 1.1-4.13, P = .043])
and older age (HR 1.04, 95% CI = 1.01- 1.07,
P = .005) were predictors of long-term mortality. No differ-
ence was found in survival between patients who underwent
surgery between 1995 and 2003, versus between 2004 and
2012 (71% =+ 3% and 71% =+ 7% at 5 years, respectively;
log-rank: P = .52).

The cumulative incidence of PVL recurrence was
3% =+ 1%, 14% =+ 3%, and 32% =+ 6% at 1, 5, and
10 years, respectively (Figure E1). The mean time between
PVL correction and recurrence was 5.9 £ 4.1 years. The
freedom from PVL recurrence >1 was 99% =+ 1%,
92% £ 2%, and 70% =+ 6%, at 1, 5, and 10 years, respec-
tively. No difference was observed in PVL recurrence rate
between the surgical repair and replacement groups
(Figure E2). Closing the PVL with pericardium or a Teflon
patch was not associated with lower PVL recurrence
(Fisher’s exact test: P = .25).
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FIGURE 2. A, Cumulative survival after surgical treatement of paravalvular leak. B, Cumulative survival in the mitral valve replacement and aortic valve

replacement groups. Dashed lines show 95% confidence intervals. MVR, Mitral valve replacement; AVR, aortic valve replacement.

In multivariable Cox regression, a history of >3 previous
cardiac operations was associated with an increased risk of
PVL recurrence compared with first redo procedures
(HR =1.58,95% CI = 1.07-2.45, P = .02). Prior PVL loca-
tion was not a predictor of PVL recurrence. The freedom
from surgical reintervention for PVL was 98% =+ 1%,
94% =+ 2%, and 82% =+ 5%, at 1, 5, and 10 years, respec-
tively. Patients underwent reintervention for PVL at a me-
dian time of 7.1 years (IQR: 2.4-12.0 years). The freedom
from transcatheter PVL reduction was 99% =+ 1% and
94% =+ 3%, at 5 and 10 years, respectively. Patients under-
went transcatheter PVL reduction at a median time of
5.8 years (IQR: 3.3-7.0 years). The freedom from functional
class NYHA >III was 96% =+ 2%, 82% =+ 4%, and
58% =+ 6% at 1, 5, and 10 years, respectively (Figure 3).

The freedom from >1 hospitalization for heart failure
was 92% =+ 2%, 83% =+ 4%, and 67% =+ 6%, at 1, 5,

100 %

80 %

Freedon from functional class NYHA Il or IV

60 % -1
40 % |
Overall
survival
20 % 1 year 96 +2%
5years 82+4%
10 years 58+6%
0%
T T T T T T
0 2 4 6 8 10
Number at risk Years
121 76 27

FIGURE 3. Freedom from NYHA functional class III or IV. Dashed lines
show 95% confidence intervals. NYHA, New York Heart Association.
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and 10 years (Figure E3). No difference was found in the
freedom from PVL recurrence, the freedom from NYHA
functional class >III, or the freedom from first hospitaliza-
tion for heart failure between patients who underwent sur-
gery between 1995 and 2003 compared with between
2004 and 2012 (log-rank: P = .08, P = .44 and P = .39,
respectively).

DISCUSSION

Paravalvular leak (PVL) is the most frequent cause of
nonvalvular dysfunction and has major implications on
long-term survival after heart valve surgery.”'” Recent
evidence'’ showed increased mortality in patients with
moderate, versus no or mild, PVL after transcatheter
AVR. An increase in mortality was observed as early as
1 month after the procedure.'* Paravalvular leak is the first
cause of reintervention in patients undergoing mechanical
valve replacement.'” Surgical correction remains the treate-
ment of choice, as it has been shown to reduce long-term
mortality compared with conservative treatment.® Few
studies have reported long-term outcomes after surgical
PVL correction in the modern era.”'®'® The present
study is one of the largest series, with longest follow-up.

Aortic PVL was predominantly seen in the noncoronary
sinus and mitral PVL in the postero-median commissure.
This finding is in accordance with studies from De Cicco
and colleagues'®'” on anatomic location of PVL in >160
patients. The authors suggested that these findings could
result from anatomic weakness and vulnerability to
mechanical stress of the membranous septum and the
posterior mitral annulus.

Several factors have been associated with the develop-
ment of PVL. A friable annulus (calcification, infection,
connective tissue disease) is one of the most important
risk factors of early PVL, as sutures can be pulled out during
knot tying.” In addition, continuous sutures have been
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associated with a higher incidence of early PVL*’ and
should be avoided. In the present study, all initial valve re-
placements were done using interrupted sutures. On the
other hand, late PVL is most often secondary to prosthetic
endocarditis or incomplete debridement of a calcified
annulus.”’ This finding highlights the importance of a
proper annulus decalcification for preventing PVL.

Mechanical prostheses predominated in the present
cohort (89%). In contrast, Akins and colleagues'® reported
136 consecutive patients undergoing PVL correction; 50%
had a bioprosthesis. This discrepancy is due to a preference
for mechanical prosthesis implantation in our institution.
No perioperative residual PVL was found in 95% of pa-
tients in this cohort, which highlights the fact that surgical
PVL treatment is a highly effective procedure.

Early mortality reported in this study was relatively low
considering the high-risk patient population, including
46% who had undergone >2 previous cardiac surgeries.
The early death in the aortic group (3%) was lower than
in previous reports”'®'® where mortality ranged from
4.5% to 7.1%. Akins and colleagues'® reported mortality
comparable to that in our serie after mitral correction of
PVL (7.6%). In a recent report from Taramasso and col-
leagues,'’ early mortality was higher in patients undergoing
mitral PVL correction (13%). The trend toward higher
early mortality in the mitral group, compared with the aortic
group, is in accordance with previous studies on redo mitral
valve surgery.'®'®?? Additionaly, a high incidence of
postoperative acute kidney injury occurred (16%). This
finding may be explained by the high prevalence of
preoperative chronic kidney disease, multiple previous
cardiac operations, and congestive heart failure in the
study cohort, all of which are associated with an
increased risk of postoperative acute kidney injury.”

Long-term mortality reported in the present study was
high (4.4% per patient-year), given that the mean age at sur-
gery was 63 years, but this percentage does not differ from
previous reports on results after redo cardiac surgery.”**>
This increased mortality may be partially explained by the
greater prevalence of disease in the patient population, as
the preoperative creatinine clearance and the number of
previous cardiac surgeries were predictors of long-term
mortality. In addition, more than half of determined long-
term deaths were cardiac and thus could be due to the
long-term impact of PVL recurrence on left ventricular
remodeling.

A substantial number of PVL recurrences were seen dur-
ing follow-up (4% per patient-year). The only predictor of
PVL recurrence was the number of previous cardiac opera-
tions. Similar results were reported in a study by Akins and
colleagues,16 in which the mean number of reoperations in
patients with recurrent PVL was 5. This finding raises the
hypothesis that PVL recurrence is mainly the result of an
annulus disease, rather than surgical issues. No difference

was observed between patients who underwent surgery
before versus after 2004.

Similarly, no difference was seen between repairs and re-
placements. Strategies aimed at mitigating this high rate of
recurrence should be explored. We hypothesize that in pa-
tients undergoing valve replacement for PVL correction, se-
lection of a prosthesis with a larger stent could produce a
better seal on the diseased annulus. Furthermore, we recom-
mend that a greater number of sutures be used both in pa-
tients undergoing PVL repair and those undergoing a
valve replacement.

Transcatheter PVL reduction recently emerged as an
alternative to conventional surgery in high-risk or nonoper-
able patients. A recently published meta-analysis has shown
that this procedure has the potential for relative improve-
ment in cardiac mortality and symptoms when successful.’
Although surgical treatment of PVL remains the gold stan-
dard, more comparative studies are needed to assess which
patients could benefit from transcatheter PVL correction.

Limitations

This study is a retrospective observational single-center
study. The cause of death was unknown in the majority of
patients, which hampers determination of any conclusion
on the role of cardiac deaths in the high mortality rate
observed. Despite a good mean follow-up, the completeness
of follow-up at 2 years was 72%. As the PVL incidence was
not monitored in the initial cohort of patients who under-
went surgery between 1972 and 1995, the total PVL recur-
rence and reintervention rates could not be determined in
the present study. Only those patients who underwent rein-
tervention for PVL between 1995 and 2011 could be
identified.

CONCLUSIONS

Life expectancy and symptom relief after surgical correc-
tion of PVL were acceptable. Hazard of recurrence remains
high despite low residual PVL at discharge, suggesting that
PVL is more a disease of the annulus than a surgical issue.
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FIGURE El. Cumulative incidence of paravalvular leak recurrence.
Dashed lines show 95% confidence intervals. PVL, Paravalvular leak.
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FIGURE E2. Cumulative incidence of paralvalvular leak recurrence in
the mitral and aortic valve replacement groups. Dashed lines show 95%
confidence intervals. PVL, Paravalvular leak.
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FIGURE E3. Freedom from first rehospitalization for heart failure.
Dashed lines show 95% confidence intervals.
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