
 
 
 

 
 

 
 
 
 
 

 
 
 
 

Transcatheter Aortic Valve Implantation: 
Moving Forward to Minimize Vascular 

 and Bleeding Complications 
 

Implante Transcatéter de Válvula Aórtica: 
Avanzando hacia la Reducción de Complicaciones 

Vasculares y Hemorrágicas 
 

Marco Hernández Enríquez 
 
 
 
 
 

 
 
 
 
 
 

 
ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tdx.cat) i a través del Dipòsit Digital de la UB (diposit.ub.edu) ha estat 
autoritzada pels titulars dels drets de propietat intelꞏlectual únicament per a usos privats emmarcats en activitats 
d’investigació i docència. No s’autoritza la seva reproducció amb finalitats de lucre ni la seva difusió i posada a disposició 
des d’un lloc aliè al servei TDX ni al Dipòsit Digital de la UB. No s’autoritza la presentació del seu contingut en una finestra 
o marc aliè a TDX o al Dipòsit Digital de la UB (framing). Aquesta reserva de drets afecta tant al resum de presentació de 
la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la persona autora. 
 
 
ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tdx.cat) y a través del Repositorio Digital de la UB (diposit.ub.edu) 
ha sido autorizada por los titulares de los derechos de propiedad intelectual únicamente para usos privados enmarcados en 
actividades de investigación y docencia. No se autoriza su reproducción con finalidades de lucro ni su difusión y puesta a 
disposición desde un sitio ajeno al servicio TDR o al Repositorio Digital de la UB. No se autoriza la presentación de su 
contenido en una ventana o marco ajeno a TDR o al Repositorio Digital de la UB (framing). Esta reserva de derechos afecta 
tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de partes de la tesis es obligado 
indicar el nombre de la persona autora. 
 
 
WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the TDX 
(www.tdx.cat) service and by the UB Digital Repository (diposit.ub.edu) has been authorized by the titular of the intellectual 
property rights only for private uses placed in investigation and teaching activities. Reproduction with lucrative aims is not 
authorized nor its spreading and availability from a site foreign to the TDX service or to the UB Digital Repository. Introducing 
its content in a window or frame foreign to the TDX service or to the UB Digital Repository is not authorized (framing). Those 
rights affect to the presentation summary of the thesis as well as to its contents. In the using or citation of parts of the thesis 
it’s obliged to indicate the name of the author. 





 
 

“To my parents” 

 

“Dedicada a mis padres”  



 
 

  



 
 

 

    

 

 

Transcatheter Aortic Valve Implantation:  

Moving Forward to Minimize Vascular and Bleeding 
Complications  

Implante Transcatéter de Válvula Aórtica:  

 Avanzando hacia la Reducción de Complicaciones 
Vasculares y Hemorrágicas   

 

Tesis doctoral elaborada y presentada por: 

Marco Hernández Enríquez 

Para obtener el título de Doctor en Medicina  

por la Universidad de Barcelona 

 

Directores de tesis: 

Manel Sabaté Tenas  

Xavier Freixa Rofastes 

 

 

Barcelona, 2019 

  



 
 

  



 
 

AGRADECIMIENTOS 
 

Esta tesis doctoral es fruto del trabajo y de la colaboración de muchas personas a las 

cuales me gustaría hacer un reconocimiento.  

A mis directores de tesis Manel y Xavi por guiarme dentro del mundo de la cardiología, 

el intervencionismo y la investigación. Gracias por darme apoyo y consejo siempre que 

lo necesité y por la amistad que hemos desarrollado con los años.  

A los colaboradores de los estudios, principalmente a Rut Andrea, Ander Regueiro y 

Salvatore Brugaletta por vuestra ayuda en el diseño y análisis de los estudios. Rut, ambos 

sabemos que esta tesis no hubiera sido posible sin ti. Ander, siempre has sido un ejemplo 

para seguir y un gran amigo. A Mónica Masotti por su consejo y amistad. A Vicky Martin 

por su apoyo.  

A todo el equipo de enfermería de hemodinámica por su ayuda y por los buenos 

momentos compartidos.  

A la unidad de Insuficiencia Cardiaca y Trasplante por acogerme en vuestro equipo y 

fortalecer mi lado oscuro (clínico) de la cardiología. Félix, has sido mi tutor desde la 

residencia y te tengo mucho que agradecer desde entonces. 

A los residentes pequeños y grandes, fellows (exfellows), old y new-school: hemos 

aprendido mucho los unos de los otros y siempre seremos hermanos de sangre (aunque 

no sea la nuestra).  

Al resto de cardiólogos del ICCV que han contribuido a mi formación. A la Sociedad 

Española de Cardiología y a la Función Privada Daniel Bravo Andreu por apoyarme con 

becas para mi formación. 

Al resto del personal sanitario que trabaja en el ICCV: enfermería, auxiliares, camilleros, 



 
 

limpieza, etc. Gracias por hacer las guardias más llevaderas.   

A los compañeros del Hospital Universitario de Rangueil en Toulouse: Profesor Carrié, 

Nico, Thibault y Fran, por vuestra ayuda y por enseñarme el mundo de las TAVIs. A los 

amigos de Toulouse: María, Yann y Sara. 

A mis compañeros (y excompañeros) del Hospital General de Catalunya. Al equipo de 

INTEM. A la comisión, lo logramos.  

A los Bracers, Barcelona meeting point y a la Chilanga Banda por compartir los buenos 

momentos extrahospitalarios. Sois nuestra familia en Barcelona, nos vemos en el Sònar. 

A mi familia y amigos de México (IUCE, UM200, Facmed UNAM, Bavson, entre otros), 

les extraño y gracias por darme ánimo y alegría cada vez que nos volvemos a encontrar. 

A Luis Rueda por la portada.  

A mi familia de Bilbao: Mertxe, Jesús y familias de ambas partes. Me habéis acogido 

como uno más y siempre estáis ahí para apoyarnos.  

A mis hermanos Beto y Auro que siempre han sido un ejemplo para mí con sus éxitos.  

A mis sobrinas Elisa, Vanesa, Auri y Betito que siempre son capaces de hacerme sonreír.  

A mis padres Roberto y Yoli por darme todas las oportunidades para estar aquí, por 

siempre anteponer nuestras necesidades a las suyas y darme ánimo y cariño desde la 

distancia.  

A Irene, mi esposa, por estar siempre conmigo y apoyarme. Cada día que pasamos juntos 

es un regalo y crece mi admiración y amor por ti.  

A mis pacientes. 



 
 

RESUMEN 

 

Introducción:  

El Implante Transcatéter de Válvula Aórtica (TAVI) se ha consolidado como el 

tratamiento de elección en pacientes inoperables, de alto y seleccionados con intermedio 

riesgo quirúrgico. La técnica ha revolucionado el tratamiento de la patología valvular. Sin 

embargo, para poder generalizar su uso en pacientes jóvenes o de bajo riesgo quirúrgico, 

es necesario reducir los eventos adversos asociados al procedimiento y asegurar una 

correcta durabilidad de las prótesis. Las complicaciones vasculares y hemorrágicas están 

asociadas a peores resultados clínicos y a mayor estancia intrahospitalaria. 

 

Hipótesis:  

La reducción y el reconocimiento temprano de las complicaciones vasculares y 

hemorrágicas se asociará a mejores resultados clínicos en los pacientes tratados con 

TAVI. 

El abordaje percutáneo de la TAVI transfemoral se asocia a menor incidencia de 

sangrados mayores en comparación con el abordaje quirúrgico.  

El desarrollo de plaquetopenia post-TAVI tiene un valor pronóstico en los resultados 

clínicos. El tipo de prótesis implantada juega un papel en el desarrollo de la plaquetopenia 

post-TAVI.  

 

Metodología:  

Subproyecto 1: “Comparación entre las complicaciones de la punción percutánea y 

disección quirúrgica en el Implante Transfemoral de Válvula Aórtica” 

Análisis retrospectivo del Registro Nacional TAVI. Se incluyeron pacientes tratados con 

TAVI transfemoral en 41 centros españoles desde enero 2010 hasta julio 2015.  

Se utilizaron las definiciones VARC-2 para clasificar los resultados. Se evaluaron la 

complicaciones vasculares y hemorrágicas a los 30 días y a medio término. Asimismo, se 



 
 

evaluó la frecuencia de ictus, daño renal agudo, infarto del miocardio y muerte. Para 

reducir el sesgo de selección se realizó un “score de propensión”. 

Subproyecto 2: “Estudio de la Trombocitopenia después del Implante Transcatéter de 

Válvula Aórtica” 

a) Se incluyeron pacientes tratados con TAVI en 2 centros españoles entre enero 

2012 y diciembre 2016. Se excluyeron pacientes con plaquetopenia severa basal 

(<100x109/L) y con muerte peri-procedimiento. Se realizaron analíticas basales, 

diariamente durante la estancia post-TAVI en la unidad de cuidados intensivos y 

a criterio de su médico una vez en la planta. El seguimiento clínico se realizó a 

los 30 días, 3 meses y 1 año posterior al procedimiento. Se recogieron las 

características basales, del procedimiento y los eventos clínicos en una base de 

datos. Se usaron las definiciones VARC-2 para los eventos clínicos. Se crearon 2 

grupos de acuerdo con el porcentaje de caída de plaquetas: ≤30% y >30%. 

b) Se incluyeron pacientes tratados con TAVI transfemoral en un centro francés de 

alto volumen de TAVI, entre enero 2008 y diciembre 2016. Se excluyeron los 

pacientes con acceso no transfemoral, con plaquetopenia severa pre-

procedimiento y con muerte peri-procedimiento. El protocolo del estudio fue 

similar al del estudio previo y se usaron las definiciones VARC-2 para catalogar 

los eventos clínicos. También se crearon 2 grupos, de acuerdo con el porcentaje 

de caída de plaquetas: ≤30% y >30%. 

 

Resultados:  

Subproyecto 1: “Comparación entre las complicaciones de la punción percutánea y 

disección quirúrgica en el Implante Transfemoral de Válvula Aórtica” 

Se incluyeron 2,465 pacientes tratados con TAVI transfemoral.  Se crearon 2 grupos: el 

grupo punción (GP) con 1,833 pacientes (74,3%) y el grupo disección con 632 pacientes 

(25,6%).  Después del “score de propensión” se analizaron 615 parejas.  

Las complicaciones vasculares a 30 días fueron significativamente más altas en el GP 

(RR 2,66; IC95% [1,85-3,64], p = <0,001) principalmente debido a complicaciones 

vasculares menores. Por el contrario, la tasa de sangrado fue mayor en el GD (RR 0,45; 

IC95% [0,26-0,78], p = 0,003).  



 
 

A un seguimiento medio de 323 días, las tasas se mantuvieron similares, a expensas de 

mayor frecuencia complicaciones vasculares menores en el GP: 15% frente a 5,1% (HR 

2,23; IC95% [1,6-3,11]; p = <0,001) y mayor frecuencia de sangrados mayores en el GD: 

3,4% frente a 1,6% (HR 0,57; IC95% [0,35-0,95], p = 0,03). 

Subproyecto 2: “Estudio de la Trombocitopenia después del Implante Transcatéter de 

Válvula Aórtica” 

a) Un total de 206 pacientes se trataron en ambos centros con TAVI en el periodo 

definido. La población final analizada fue de 195 pacientes. Se trataron 100 

pacientes (52,2%) con válvulas auto-expandibles (SEV) y 95 (48,8%) con 

válvulas balón-expandibles (BEV).  Todos los pacientes tuvieron caída de 

plaquetas a excepción de uno (Porcentaje de disminución de plaquetas medio = 

31,9±15,3%). La caída de plaquetas fue significativamente mayor en pacientes 

tratados con BEV en comparación con aquellos tratados con SEV (36,3±15,1% 

vs 27,7±14,4, p<0,001). Después de un análisis multivariado, el uso de BEV se 

asoció independientemente a un porcentaje de caída de plaquetas >30% (67,4% 

vs. 36,0%; OR 3,4; 95% CI, 1,42-8,16). A los 30 días, el porcentaje de caída de 

plaquetas >30% se relacionó a una mayor tasa de sangrados mayores o 

amenazantes para la vida, complicaciones vasculares mayores, sepsis 

intrahospitalaria y muerte. Al año no hubo diferencias significativas en cuanto a 

muerte (6,35% vs. 10,0%; HR 1,54; 95% CI, 0,56-4,25). 

b) Se incluyeron 609 pacientes. El porcentaje medio de caída de plaquetas fue 

32,5±13,9%. La caída de plaquetas fue mayor en el grupo BEV (33.9±14.2 vs 

30.7±13.4%, p=0.006), y el nadir se alcanzó más tarde en comparación con el 

grupo SEV (3,0±1,3 vs 2,5±1,1 días, p<0,001). Después del análisis multivariado, 

los factores relacionados a una caída de plaquetas >30% fueron el uso de BEV, la 

enfermedad coronaria previa y la fracción de eyección del ventrículo izquierdo 

conservada. En el seguimiento a 30 días, la caída de plaquetas >30% se asoció a 

una mayor frecuencia de sangrados mayores o amenazantes para la vida (6,8 vs 

2,1%, p=0.009) y muerte (3,5 vs 0,8%, p=0.036). Al año, la diferencia en 

mortalidad no fue significativa. 

 

  



 
 

Conclusiones:  

La disminución y el reconocimiento temprano de complicaciones vasculares y 

hemorrágicas permite mejores resultados clínicos en pacientes tratados con TAVI. 

El abordaje completamente percutáneo de la TAVI se asoció a una tasa menor de 

sangrados mayores y a una mayor tasa de complicaciones vasculares menores en 

comparación con el abordaje quirúrgico. 

La caída en el porcentaje de plaquetas >30% se relaciona con peores resultados clínicos 

a los 30 días post-TAVI. 

El uso de las prótesis balón-expandibles parece asociarse a un mayor riesgo de 

disminución de plaquetas.  

 

 

  



 
 

ABBREVIATIONS 
 

AS: Aortic Stenosis 

AVA: Aortic Valve Area 

AVR: Aortic Valve Replacement 

BEV: Balloon-expandable Valve 

CABG: Coronary Artery Bypass Grafting 

CG: Cutdown group 

DAPT: Double Antiplatelet Therapy 

DPC: Drop in Platelet Count 

HALT: Hypo-attenuated Leaflet Thickening 

MSCT: Multislice Computed Tomography 

PG: Puncture group  

PPM: Permanent Pacemaker 

PVL: Paravalvular leak 

RBC: Red Blood Cells 

SAVR: Surgical Aortic Valve Replacement 

SEV: Self-expanding Valve 

SFAR: Sheath to Femoral Artery Ratio 

TAVI: Transcatheter Aortic Valve Implantation 

TOE: Transesophageal Echocardiogram 



 
 

VARC-2:  Valve Academic Research Consortium-2 

VC: Vascular complication 

VCD: Vascular Closure Device 

vWF: von Willebrand Factor  
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 INTRODUCTION 

1. Aortic Stenosis: Burden of the disease 
 

Aortic stenosis (AS) is the most common primary valve disease requiring surgery or 

catheter intervention in the developed world1. The prevalence of degenerative AS is age-

dependent and reaches 2.8% in subjects older than 75 years 2. This prevalence is expected 

to rise in the next decades due to the expected growth of the world´s elderly population.  

 

Figure 1. Prevalence of valvular heart disease by age. Modified from Nkomo et al2. 
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 INTRODUCTION 

2. Anatomy, definition, natural history and indications 
for treatment. 

  

Anatomy 
 

The normal aortic valve has an opening of 3 to 5 cm2. It is located between the left 

ventricle outflow tract and the ascending aorta. It usually has 3 coronary cusps and leaflets 

called non-coronary, left and right coronary3. The anterior mitral valve leaflet and the left 

bundle branch are important structures in close proximity with the aortic valvular 

complex3. 

 

Figure 2. Excised tricuspid aortic valve showing severe nodular calcification and 

stenosis4. 

Definition and diagnosis 
 

Severe AS is defined as an Aortic Valve Area (AVA) <1.0 cm2, a mean transvalvular 

gradient >40mm Hg, and a peak aortic jet velocity >4.0 m/s in the echocardiogram 5.  

In the case of severe AS with low gradient, dobutamine infusion can help  to distinguish 

between moderate AS (“pseudostenosis”) and truly severe AS with secondary 

cardiomyopathy 5. In addition, an entity with low flow and low gradient has been recently 
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recognized6. The aortic valve calcification can be quantified by computed tomography 

and can be used as a complementary diagnostic tool 5.  

 

 

Figure 3. Stepwise integrated approach for diagnosis suggested by the European 

guidelines of management of valvular heart disease5. 

Etiology 
 

The etiology of AS is not only consequence of aging. Other factors such as inflammation, 

lipid accumulation and calcification have been documented 4. The risk factors associated 

with AS include: hypertension, dyslipidemia, smoking and diabetes 7. There might be also 

a role of genetic predisposition.  

Bicuspid valve is the most frequent cause of AS among young patients undergoing aortic 

valve replacement (AVR). It has a prevalence of 1,4%. The higher mechanical stress in 
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bicuspid valves predispose to accelerated structural degeneration 8.  

The narrowing of the aortic orifice leads to progressive left ventricle hypertrophy and to 

a reduction in coronary and systemic blood flow. 

Natural history 
 

The natural history of AS includes a latent period with low morbidity and mortality. 

However, once the classical symptoms of angina, syncope or dyspnea develop, average 

survival decreases rapidly with a high-risk of sudden death9. Historically, asymptomatic 

severe AS was considered benign. However, in a more recent study of 622 patients, there 

was only a 25% probability of remaining free from AVR or cardiac death at 5-years and 

there were 11 cases of sudden death reported 10.  

 

Figure 4. Prognosis of patients with severe aortic stenosis who did not undergo valve 

replacement. From Ross J et al9. 
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Indications for treatment 
 

The Heart Team, a collaborative multidisciplinary meeting has emerged during these 

years as a necessary exercise in order to improve selection of candidates, indication and 

selection of the type of valve replacement.   

Due to the complexity of patients evaluated, different sanitary specialists have been 

included to the Heart Team: clinical, interventional and image cardiologists, 

cardiovascular surgeons, anesthesiologists, geriatricians, neurologists and specialist 

nursing staff.  

 

Figure 5. Management of severe aortic stenosis. Modified from the ESC guidelines of 

management of valvular heart disease5.  
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3. Surgical Aortic Valve Replacement 
 

Medical therapy is not effective in AS. Surgical Aortic Valve Replacement (SAVR) 

remained as the standard treatment for more than 50 years. SAVR is a safe procedure 

associated with excellent clinical outcomes in experienced surgical centers11. In 141,905 

patients treated from 2002 to 2010 with isolated SAVR in the United States, the average 

mortality was 3% 12. Also, a German surgical registry reported in-hospital mortality of 

2.3% for isolated SAVR and 4.1% when combined with coronary artery bypass grafting 

(CABG) in more than 34,000 patients 13.   

Full median sternotomy is the standard access for SAVR. Cardiopulmonary bypass is 

necessary to maintain the patient´s circulation. The technical advantages of SAVR 

include the complete excision of the degenerated and calcified aortic cusps, and the 

possibility to perform a precise suture of a bioprosthetic or mechanical valve under direct 

visualization. In addition, several minimally invasive surgical approaches have emerged 

with similar safety, clinical outcomes and a more rapid functional recovery 14. Recently, 

the advent of sutureless prostheses has opened the possibility of rapid deployment, 

minimizing operative times while maintaining some of the advantages of SAVR 15. 
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Figure 6. Surgical Aortic Valve Replacement. Image courtesy of Marta Napoleone and 

Jaume Mulet. 

 

The morbidity and mortality of SAVR clearly depend on different individual patient-

related risk factors 11. Current validated models assessing surgical risk include the 

EuroSCORE and STS scores 5. However, several other factors like porcelain aorta and 

fragility are not included into these scores and are common indicators of high-risk or 

inoperability. 

Before the arrival of Transcatheter Aortic Valve Implantation (TAVI), there was an 

important proportion of patients with inappropriate denial of AVR. Mainly reasons of 

treatment denial were severe comorbidities and frailty. However, while the number of 

patients treated with SAVR have remained stable for long time, in countries like 

Germany, the number of patients treated with transcatheter procedures exceeded SAVR 

in 201416.   
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4. Transcatheter Aortic Valve Implantation 
 

In 2019, the first TAVI implantation celebrates its 17th anniversary. TAVI has settled as 

the standard of care of AS for inoperable, high-risk and selected intermediate-risk patients 

undergoing AVR. Moreover, earlier this year two major randomized trials showed 

excellent results in low-risk population17,18.  

History 
 

The first TAVI was performed in 2002 by Professor Alain Cribier in France. Since then, 

more than 300,000 patients have received a TAVI worldwide19. During these years, 

increase in clinical experience and technological improvements in valve design and 

delivery systems have led to simplification of the procedure and concurrent decrease in 

complication rates. 

The STS score has been adopted to classify the risk of patients undergoing SAVR or 

TAVI. In general, a predicted mortality >8% is considered high-risk, between 4 and 8% 

intermediate-risk and <4% low-risk.20 

The first TAVI trials proved its value in an inoperable and high-risk population. The 

PARTNER 1B was the first major randomized controlled trial of TAVI in severe AS. 

This study demonstrated a 20% absolute survival advantage of TAVI over optimal 

medical treatment in a population of 358 inoperable patients21. 

Then, studies comparing the outcomes of SAVR vs. TAVI in high-risk population were 

published. The PARTNER 1A and Corevalve US PIVOTAL trials proved non-inferiority 

of TAVI compared with SAVR with the Sapien and Corevalve valves, respectively22,23. 

In addition, the 2 and 5 years outcomes were persistent in both studies, respectively24,25  

Subsequently, the TAVI trials focused in intermediate-risk population. These studies used 
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second generation valves and smaller delivery sheaths. The PARTNER 2A trial 

randomized 2,032 patients (mean age 82 years, mean STS score 5.8%) with predicted 

mortality risk of 4-10% to TAVI with the Sapien XT valve or SAVR. At 2-years follow-

up, there were no significant differences in the primary endpoint, a composite of death 

and disabling stroke. Furthermore, the subgroup treated with transfemoral TAVI had 

lower rates of death and disabling stroke in comparison to the group treated with SAVR26. 

The SURTAVI trial included 1,746 patients (mean age 79.8 years, mean STS score 4.5%) 

and randomized them to TAVI with Corevalve prosthesis (84% Corevalve, 18% Evolut 

R) or SAVR. They did not find significant differences in the primary endpoint of 

composite of death or disabling stroke at 2 years follow-up27. 

However, the low-risk population (STS<4%) accounts for 80% of the patients undergoing 

SAVR. Initially, a small study of 280 low-risk patients randomized to TAVI with the 

Corevalve prosthesis or SAVR. The NOTION study did not find differences in the 

primary endpoint (all-cause mortality, stroke or myocardial infarction) at 1-year follow-

up28.  

Recently, two major randomized studies in low-risk population were presented showing 

non-inferiority or even superiority from TAVI over SAVR. The low-risk frontier has been 

finally conquered by TAVI procedures. 

The PARTNER 3 trial randomized 1,000 patients (mean age 75 years old, mean STS 

score 1.8%) to transfemoral TAVI with the Sapien 3 valve or SAVR. At 1-year follow 

up, the rate of the composite endpoint (death, stroke or rehospitalization) was 

significantly lower in the TAVI group in comparison with the SAVR group (8.5% vs. 

15.1%, p<0.001). Moreover, TAVI also resulted in shorter index hospitalization and 

lower risk of a poor treatment outcome without significant differences in vascular 

complications, new permanent pacemaker (PPM) or moderate-to-severe paravalvular 
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leak (PVL)17. 

The CoreValve Low Risk randomized 1,468 patients (mean age 74 years old, mean STS 

score 1.9%) to treatment with self-expanding valves (Corevalve, Evolut R or Evolut PRO) 

or SAVR. At 2-years follow up, they found non-inferiority with TAVI for the composite 

endpoint (death, stroke or rehospitalization) in comparison to surgery18.  

The NOTION2 study (NCT02825134) is only including patients younger than 75 years 

old and will bring information about the youngest population treated with TAVI in a 

randomized study.  

A recent meta-analysis of the randomized trials showed reduced or similar rates of death 

and stroke between TAVI and SAVR. Interestingly, TAVI was related to lower rates of 

bleeding, atrial fibrillation and acute kidney injury and SAVR was related to lower rates 

of PVL and PPM requirement29.  

Indications for Transcatheter Aortic Valve Implantation 
 

Current European guidelines of management of valvular disease recommend TAVI as a 

Class 1A indication to treat patients with symptomatic AS and elevated surgical risk5. 

These recommendations might change with the new evidence in low-risk patients. 

The choice of intervention mode should take in consideration the cardiac and extra-

cardiac characteristics of the patient, the individual risk of surgery, the feasibility of TAVI 

and the local expertise and outcome data5. Appropriate patient selection is crucial to avoid 

futile treatments and improve clinical outcomes. Selected patients should be expected to 

gain a significant improvement in their quality of life and to have a life expectancy of  >1 

year5.   
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Favours 

TAVI 

Favours 

SAVR 

Clinical characteristics   

STS/EuroSCORE2 <4%  + 

STS/EuroSCORE2 ≥4% +  

Severe comorbidities +  

Age <75 years  + 

Age ≥75 years +  

Frailty +  

Restricted mobility +  

Suspicion of endocarditis  + 

Anatomical and technical aspects   

Favorable transfemoral access +  

Non-favorable (any) access   + 

Chest radiation +  

Porcelain aorta +  

Coronary bypass graft at risk with 

sternotomy 

+  

Expected patient-prosthesis mismatch +  

Severe chest deformation +  

Short coronary ostium height  + 

Annulus size non-favorable for TAVI  + 

Aortic arch non-favorable for TAVI  + 

Aortic of left ventricle thrombi  + 

Additional cardiac conditions   

Severe CAD requiring CABG  + 

Primary mitral valve disease requiring 

surgery 

 + 

Severe tricuspid valve disease  + 

Aneurysm of the ascending aorta  + 

Septal hypertrophy requiring myectomy  + 

 

Table 1. Aspects to be considered by the Heart Team for decision between TAVI and 

SAVR5.   
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TAVI in Spain  
 

A recent European survey showed significant differences in TAVI practice between the 

Spanish and the European centers. In summary, the number of implants is significantly 

lower with a higher-risk patient profile, frailty scores are underused,  general anesthesia 

with Transesophageal echocardiography (TOE) guidance is the most common strategy 

and a longer duration of double antiplatelet therapy (DAPT) is prescribed in Spain in 

comparison to other European Centers30 The Spanish average of 42 implants per million 

inhabitants it is almost half than the European average of 83 implants31. This might be 

explained because, in contrast to other countries, the Spanish healthcare system 

principally works with taxation and no additional reimbursement is provided. Also, the 

opportunity to receive TAVI is deeply affected by country economic restrictions 31.   

Nevertheless, this survey represents the TAVI practice of 2015 and needs to be interpreted 

with caution. During the last 3 years, there has been an important expansion of TAVI in 

Spain reaching 2,821 procedures in 2017, a 28.2% increment in comparison with the 

2,026 reported in 2016. This implies an increment of average to 61 implants per million 

inhabitants32.  In 2018, a total of 3,537 TAVIs were performed in Spain 

(www.hemodinamica.com/cientifico/registro-de-actividad). Furthermore, a shift towards 

the treatment of intermediate-risk patients and simplification of the procedure with higher 

centers experience is rapidly ongoing. Future analysis of the behavior of this practice in 

our country are mandatory to improve quality and allocation of resources.  

  

http://www.hemodinamica.com/cientifico/registro-de-actividad
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Figure 7.  Temporal trends of TAVI procedures in Spain. 

 

TAVI program in Hospital Clínic de Barcelona 
 

In our Institution, the first TAVI was performed in April 27th, 2010. Initially only balloon-

expandable valves were used. The procedure was performed under general anaesthesia 

with TOE and fluoroscopy guidance. Surgical cut-down and closure for transfemoral 

access was provided by the cardiac surgeons. Transapical approach was the secondary 

access if transfemoral approach was considered inappropriate.  

A specialized consultation performed by a clinical cardiologist managed the screening of 

patients. The Heart Team was formed by clinical, imaging and interventional 

cardiologists, cardiac surgeons and anesthesiologists. Patients were presented and a 

multidisciplinary decision was made taking into consideration clinical and anatomical 

factors. Initially, due to the low number of available procedures, the program included a 

carefully selection of patients.  
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The last years, an important expansion on the technique was achieved due to the relevant 

increase in the number of procedures and the growing operators experience. Full 

percutaneous access for transfemoral TAVI is the standard practice since 2017. Lately, 

the use of local anesthesia and sedation are more common. Also, use of a self-expanding 

valve contributed to earn clinical experience and to be able to treat more challenging 

cases. Complex TAVI procedures like valve-in-valve have been performed with both 

valves. The rate of complications decreased over time.  We have earned skills to manage 

them and more importantly, to recognize and prevent them in the pre-procedural analysis. 

The Heart Team has remained essential and added a geriatrician and specialized nurse 

staff. Proper selection of candidates and proper use of the resources are still strengths of 

this program.  

In 2018, a total of 77 TAVIs were performed with clinical outcomes in accordance with 

other European centers.  The structural interventions program is growing. Soon, a hybrid 

operating room will be available, and the number of structural interventions will continue 

to increase in order to offer the less invasive treatments to our patients. 
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Figure 8.  Evolution of TAVI program in Hospital Clínic de Barcelona. 
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5. Contemporary transcatheter valves 
 

There are several different available valves in the TAVI market. Overall, they can be 

divided into either balloon-expandable (BEV) or self-expanding valves (SEV) according 

to the mechanism of delivery. Since the clinical experience is currently dominated by the 

Edwards and Medtronic devices, this summary will focus mainly on these valves. 

Balloon-expandable valves  
 

We are currently using the third generation of BEVs. Sapien and Sapien XT were mainly 

used in the landmark TAVI trials. The Sapien 3 valve (Edwards Lifesciences, Irvine, 

California, USA) consists of bovine pericardial leaflets sutured to a cobalt chromium 

frame. The addition of a polyethylene terephthalate skirt to the lower portion of the frame 

is designed to reduce paravalvular leaks. It has a lower profile to minimize vascular 

complications. The vascular sheaths for transfemoral access are 14Fr (valve sizes 20,23 

and 26 mm) and 16Fr (valve size 29mm). Recapture or repositioning is not possible once 

the valve is deployed. This valve can also be delivered via transaortic and transapical 

routes. The Sapien 3 Ultra is a pre-mounted BEV with a 40% taller skirt and an enhanced 

balloon technology that permits skip the step of valve alignment in the descending aorta33. 
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Figure 9. The Sapien 3 Balloon-expandable valve. 

Self-expanding valves  
 

The current available Medtronic valve in clinical practice is the Evolut R (Medtronic, 

Minnesota, USA). It consists on a self-expanding nitinol support frame covered by 

porcine pericardium skirt on its lower 13 mm and provides supra-annular function. The 

delivery system does not require an additional introducer sheath and sizes 14F (valve 

sizes 23, 26 and 29 mm) and 16F (valve size 34 mm). The recapture, reposition and 

retrieve of the valve are possible until 80% of the valve deployment is achieved. The 

recent Evolut PRO added an external pericardial wrap at the level of the skirt to reduce 

PVL and it is available in sizes 23,36 and 29 mm. The initial results with this SEV are 

promising in terms of reduced PVL and PPM34.  
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Figure 10. The Evolut R self-expanding valve.  

Other available self-expanding valves share the features of recapture, reposition and 

retrieval. The Portico valve (Abbott Vascular, Santa Clara, California, USA) has an early 

valve functionality due to annular function of its leaflets35.   The Centera Valve (Edwards 

Lifesciences, Irvine, California, USA) is a pre-mounted prosthesis in a motorized delivery 

system. The Jena valve (Jena Valve Technology, Munich, Germany) has a leaflet clipping 

mechanism of anchor and is the only transcatheter valve approved in Europe for treatment 

of pure aortic regurgitation, the transfemoral prototype is currently under evaluation in 

clinical studies36.  

The Lotus valve system (Boston Scientific, Marlborough, Massachusetts, USA), a 

mechanically released valve,  was off the market due to issues with the locking 

mechanism and delivery system, but is currently available again37. Also, the NVT Allegra 

(New Valve Technology, Hechingen, Germany) and ACURATE neo (Symetis S.A., 

Boston Scientific Company, Ecublens, Switzerland) proved safety and efficacy in recent 

reports38,39. 
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6. Technical considerations 
 

Patient selection and preprocedural planning 
 

Multislice Computed tomography (MSCT) imaging has established as the modality of 

choice for preprocedural planning. Valve morphology and calcification, annular 

dimensions, coronary height and vascular access are commonly evaluated with this tool. 

Also, three-dimensional printing of aortic models has been described as a valuable aim40. 

The aortic annulus used for prosthesis sizing concerns a virtual ring formed by the basal 

attachments of the aortic valve cusp located at the base of the crown3. 

 

Figure 11. Measurement of the aortic annulus. 

The knowledge of the features or disadvantages of the array of prostheses available and 

the better understanding of specific patient´s anatomy help the operators to choose the 

appropriate valve for each individual case. Notably, the operators experience with each 

valve plays a crucial role in this decision. 

The transfemoral access requires a minimal femoral artery diameter of 5mm for 14Fr 

sheaths. Also, the MSCT provides excellent assessment of vessel size, tortuosity, 

calcification and atherosclerotic burden. Potential difficulties and complications can be 
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anticipated during the reconstruction of the images and should be taken into consideration 

to plan the procedure.  

 

Figure 12. Reconstruction of the femoral access to plan the procedure. 

Anesthesia   
 

Initially, the procedure required general anesthesia and TOE guidance. Nowadays, there 

is an increasing rate of centers using the “minimalist” approach, with the use of conscious 

sedation, local anesthesia and angio/transthoracic echographic guidance. The use of 

conscious sedation is associated to shorter in-hospital stay and lower short-term mortality 

41.  

Vascular access   
 

The transfemoral access is the more widely used approach and is considered the access 

of choice due to its less invasive nature and superior clinical outcomes. Initially, this 

access was obtained with surgical cutdown and dissection. Currently, there are a growing 
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number of centers performing TAVI with complete percutaneous approach.  

A precise puncture of the common femoral artery at the level of the femoral head is 

essential for successful percutaneous closure. It should be between the inferior epigastric 

artery and the femoral bifurcation42. 

Briefly, our current technique begins with a puncture of the left radial or contralateral 

femoral artery. A Multipurpose catheter from the radial or a mammary catheter from the 

contralateral femoral is advanced to the primary femoral artery selected. An angio-guided 

puncture is then performed. Protection of the distal femoral artery is then secured with 

crossover intraluminal 0,0018” guidewire during all the procedure.   

 

Figure 12. Correct location of the transfemoral puncture for TAVI. 
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Vascular sheaths 
 

The sheaths avoid loose blood using an haemostatic valve and allow vascular access to 

perform the procedure. Novel technology facilitated the decrease in sheath size, 

contributing to a decrease the number of vascular complications. Initial 25Fr has been 

widely replaced by current 14 or 16Fr sheaths.  

The eSheat (Edwards Lifesciences, Irvine, California, USA) is a 36-cm long expandable 

sheath with a compliant seam that allows transient expansion as the delivery catheter 

advances through it42. The last-generation Axela sheath (Edwards Lifesciences, Irvine, 

California, USA) is 14Fr for all size of valves and provides low profile insertion and 

removal. 

 

Figure 13. The last-generation Axela sheath. 

Vascular closure devices 
 

Suture-based devices has been widely used to achieve hemostasis of large arteriotomy 

access after TAVI and are currently the more used method. There is an important learning 

curve associated to the use of suture-techniques. 

The Proglide closure device (Abbott vascular, Santa Clara, CA, USA) is a 6Fr, two nitinol 

needle-guided system. Two Proglides are usually deployed at the beginning of the 

procedure with an angle of 45-60º at 2 and 10 o´clock position. At the end of the 
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procedure, the introducer sheath is slowly removed and then the sutures tightened42. 

 

Figure 14.  The Proglide suture-based vascular closure device.  

 

The Prostar closure device (Abbott vascular, Santa Clara, CA, USA) is a 10Fr, four nitinol 

needle-guided system. The device is advanced over the guidewire until the dedicated 

marker lumen shows blood. The 4 needles are pulled back and the sutures removed from 

the hub. At the conclusion of procedure, sutures are tied42.  

 

Figure 15. The Prostar closure device 
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A retrospective study compared outcomes with both suture-based devices in 1,022 

patients undergoing transfemoral TAVI. They found  lower rate of vascular and bleeding 

complications using the Proglide device43. In accordance with this, the CONTROL 

registry, a propensity-matched study of 472 pairs of patients, showed higher rates of major 

vascular complications (VCs) in the Prostar group  (7.4 vs 1.9%, p<0.001) 44.  

The Manta closure device (Essential Medical Inc, Exton, PA, USA) is a 14 and 18 Fr 

collagen-plug based system. It  consists of a resorbable polymer intra-arterial toggle 

connected to an extra-arterial hemostatic bovine collagen pad by a non-resorbable 

polyester suture and secured with a stainless-steel suture lock45,46. The Manta components 

resorb within 6 months45. Currently the experience with this device is limited but it seems 

to be a rather easy-to-use device with at least non-inferior results in the reported 

literature46,47. In fact, a recent propensity-matched study showed lower rates of access-

site or access-related vascular injury and major bleeding complications with MANTA 

VCD despite the operators´ inexperience in comparison with Proglide47. 

 

 

Figure 15. The Manta Vascular Closure Device 
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Recently, a closure technique using combination of single Proglide and a cyanoacrylate-

based glue system showed promising results but remain to be compared with standard 

double-suture closure in a proper study48.  

Improvements in the percutaneous closure techniques are essential for better outcomes 

and avoidance of major VCs.  

Surgical cutdown remains as an option in selected cases at high risk for vascular and 

bleeding complications. Other routes are reserved for non-candidates to transfemoral 

access due to severe peripheral disease or small vessels. There is clinical experience with 

subclavian, direct aortic, carotid, transapical and transcaval routes.  

Implantation technique 
 

The introducer sheath is inserted in the primary femoral artery, with a pacing wire 

advanced to the right ventricle for rapid temporary pacing. Non-fractioned heparin is 

administrated to avoid material thrombosis. The aortic orifice is crossed with a straight 

guidewire and an Amplatz left catheter. The straight guidewire is exchanged in the left 

ventricle for an extra-stiff guidewire providing stronger support to advance the delivery 

system. At this moment, the coordination between the team in the room is essential to 

perform the valve implantation. The transcatheter valve is delivered by high pressure 

balloon dilatation with rapid ventricular pacing or by self-expanding technology. After 

the implantation, the complete assessment of the procedural result should include 

hemodynamic evaluation, imaging evaluation with TTE/TOE or aortography, and finally 

conduction disturbance evaluation. Once proper position of the valve and absence of 

complications are confirmed, the femoral artery is closed with the suture devices. A final 

angiography is performed to confirm correct hemostasis. 

Length of stay is usually around 72 hours with a tendency in the high-volume centers to 
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discharge earlier if there are no complications.  

 

Figure 16. Implantation of a balloon-expandable and self-expanding valves. 
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7. Antithrombotic treatment 
 

In the absence of atrial fibrillation, DAPT with aspirin and clopidogrel is currently 

recommended for 3-6 months, with aspirin alone thereafter5. However, this 

antithrombotic regimen is mostly empiric and has not been evaluated in a proper trial. 

The only randomized study comparing this strategy with single antiplatelet therapy after 

TAVI demonstrated a reduction of major/life threatening bleedings without increasing 

the risk of myocardial infarction or stroke with the single antiplatelet strategy49. Further 

studies like POPular TAVI (NCT02247128) and CLOE (NCT01559298) will bring more 

information regarding optimal antiplatelet therapy in TAVI.  

The role of the anticoagulant treatment for this population is also under study in several 

active randomized trials: AURA (NCT01642134), GALILEO (NCT0255603) and 

ATLANTIS (NCT02664649).  Notably, the GALILEO trial has stopped early by the 

investigators due to a higher rate of major bleedings and mortality in the Rivaroxaban 

group.  

Certainly, the optimal antithrombotic regime and duration remains an unmet clinical need 

and deserves further research.  Moreover, TAVI-related thromboses and bleeding 

associated with antithrombotic drugs could become major determinants of the long-term 

duration and outcomes of TAVI. 
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8. Vascular complications 
 

The Updated standardized endpoint definitions for TAVI were collected in the Valve 

Academic Research Consortium-2 (VARC-2) consensus document published in 201250.  

Vascular complications (VCs) in the transfemoral approach occur frequently and remain 

as an important matter of concern. The rate of major and minor vascular complications in 

the PARTNER trial were 15.3 and 11.9%, respectively24. In other series, the incidence 

varies from 6 to 28% for minor and 4 to 23% for major VCs50–53. The contemporary rate 

of major vascular complications has diminished to about 5%54,55. 

Importantly, the negative impact of VCs in clinical outcomes, length of stay and 30-day 

mortality are still significant, specially of in case of major VCs55,56.  

Predictors of VCs are small vessel dimensions, moderate to severe calcification and center 

experience57. The Sheath to Femoral Artery Ratio (SFAR) >1.05 has been described to 

predict major vascular complications58.  

The preprocedural planning with the MDCT reconstruction, the miniaturization of 

vascular sheaths and the use of balloon-crossover techniques has decreased vascular 

complication rates. Also, operators experience is essential to recognize and manage 

potential VCs.   
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Table 2. Vascular access site and access-related complications according to VARC-2 

definitions50. 

Major vascular complications 

     Any aortic dissection, aortic rupture, annulus rupture, left ventricle perforation, or 

new apical aneurysm/pseudo-aneurysm OR 

     Access-site or access-related vascular injury (dissection, stenosis, perforation, 

rupture, arterio-venous fistula, pseudoaneurysm, haematoma, irreversible nerve injury, 

compartment syndrome, percutaneous closure device failure) leading to death, life-

threatening bleeding, visceral ischaemia, or neurological impairment OR 

     Distal embolization (non-cerebral) from a vascular source requiring surgery or 

resulting in amputation or irreversible end-organ damage OR 

     The use of unplanned endovascular or surgical intervention associated with death, 

major bleeding, visceral ischaemia or neurological impairment OR  

     Any new ipsilateral lower extremity ischaemia documented by patient symptoms 

physical exam and/or decreased or absent blood flow on lower extremity angiogram 

OR 

     Surgery for access site-related nerve injury OR 

     Permanent access site-related nerve injury. 

Minor vascular complications 

     Access-site or access-related vascular injury (dissection, stenosis, perforation, 

rupture, arterio-venous fistula, pseudoaneurysm, haematoma, percutaneous closure 

device failure) not leading to death, life-threatening bleeding, visceral ischaemia, or 

neurological impairment OR 

     Distal embolization treated with embolectomy and/or thrombectomy and not 

resulting in amputation or irreversible end-organ damage OR 

     Any unplanned endovascular stenting or unplanned surgical intervention not 

meeting the criteria for major vascular complication OR 

     Vascular repair or the need for vascular repair (via surgery, ultrasound-guided 

compression, transcatheter embolization, or stent-graft). 

Percutaneous closure device failure 

     Failure of a closure device to achieve haemostasis at the arteriotomy site leading to 

alternative treatment (other than manual compression or adjunctive endovascular 

ballooning).  
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9. Bleeding complications  
 

Bleeding events and red blood cell (RBC) transfusions are common in the fragile TAVI-

population and had been related to worst clinical outcomes.  Bleeding related to access-

site complications is the most important cause of blood loss during TAVI59. The 

contemporary incidence of postprocedural bleeding ranges between 20 and 53%59. 

Moreover, RBC transfusion itself has been described as a strong predictor of increased 

long-term mortality60. 

In a meta-analysis looking for predictors of early severe bleeding after TAVI, 3 patient-

related factors (age ≥90, female gender and chronic kidney disease) and 4 procedure-

related factors (transapical approach, sheath diameter >19mm, VCs and circulatory 

support) were recognized61. 

Furthermore, blood disorders such as anemia, thrombocytopenia and acquired 2A von 

Willebrand disease are frequent in TAVI candidates and have a potential clinical 

association with bleeding complications and death59. 

Around 40% of patients have some degree of thrombocytopenia before TAVI62. A drop 

in platelet counts (DPC) after TAVI is almost universal, with an average decrease of 40% 

and in 25-60% of patients reaches moderate to severe degree63–67. When DPC is relevant, 

it has been related to worse clinical outcomes in terms of mortality and bleeding 

complications64. 
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Table 3. Bleeding complications according to VARC-2 definitions50 

Life threatening or disabling bleeding 

     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 haemoglobin ≥5 g/L or whole blood or packed 

red blood cells (RBCs) transfusion ≥4 units (BARC type 3b).  

Major bleeding (BARC type 3a) 

     Overt bleeding either associated with a drop in the haemoglobin level of at least 

3.0g/L or requiring transfusion of two or three units of whole blood/RBC, or causing 

hospitalization or permanent injury, or requiring surgery AND 

     Does not meet criteria of life-threatening or disabling bleeding. 

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

     Any bleeding worthy of clinical mention (e.g. access site haematoma) that does not 

qualify as life-threatening, disabling or major.  
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10. Other complications 
 

Conduction disturbances  
 

The current rate of permanent pacemaker (PPM) requirement after TAVI ranges from 

8.5% with the Sapien 3 valve to 35.5% with the Lotus valve26,68. This complication is 

explained by the close relation between the implantation site of transcatheter valves and 

the AV-node and left bundle branch. Further improvement is needed to reduce this rate 

of PPM implantation because it has several clinical and cost implications to the patient, 

especially if we are looking forward to treating younger population. In this regard, the 

ACURATE NEO (Boston Scientific Corp, Massachusetts, USA) showed promising 

results with lower PPM rates69. Also, refinements in the implantation technique such as 

low rate of pre-dilatation and a higher implantation could improve PPM rates.  

Paravalvular leak 
 

Moderate to severe Paravalvular Leak (PVL) has been associated with increased 

mortality70. Both, the evolution of valve design with additional sealing skirts and a more 

homogenous radial force and the improvement of pre-procedural planning have permitted 

an important reduction in the incidence of this problem. The use of MDCT scan to size 

the aortic annulus and to select the more convenient valve according to each patient 

anatomy contributed to this decrease in PVL rates.  Moreover, the growing experience of 

operators has leaded the development of strategies to treat them, for example “valve-in-

valve” procedures, post-dilatation or implantation of plugs to close the leak. 
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Stroke 
 

Magnetic Resonance Imaging studies showed up to 85% of new ischemic lesions after 

TAVI71. Fortunately, most of them are silent and clinical stroke is only evident in 3%72. 

Even after a significant reduction in the incidence of stroke, further efforts are needed to 

minimize this feared complication. Peri-procedural embolic protection devices showed 

promising results with reduction of ischemic lesions in the imaging. There is still need of 

translation to improvement in clinical outcomes in the ongoing trials. Also, the selection 

of the antithrombotic regimen requires further development and standardization,   

Others  
 

Conversion to open surgery, coronary obstruction, ventricular septal perforation, mitral 

valve damage and infective endocarditis are infrequent but potentially fatal.  
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11. Future perspectives 
 

During the last decade, TAVI evolved at giant steps and has changed the clinical practice 

more than any other intervention in Cardiology.  

The first next frontier seems to treat the low-risk population.  Outcomes in this population 

have been reported earlier this year with 2 major randomized trials. TAVI seems to be 

non-inferior or even superior to SAVR to treat low-risk patients. There is currently one 

study including only patients <75 years old. Also, the concerns about valve durability and 

antithrombotic treatment are going to be addressed in several studies. More studies about 

the clinical implication of leaflet thrombosis and its management are needed. We will 

obtain more long-term data of the structural deterioration of the current prostheses 

implanted. Furthermore, the “valve-in-valve” technology and clinical experience will 

bring us treatment options for degenerated valves. 

Second, the indications for AVR might change in the future. The minimal invasive nature 

of TAVI offers a valuable opportunity of an early and safe intervention. In the future, it 

might not be necessary to wait until the AS is severe or the development of symptoms. 

The EARLY TAVI trial (NCT03042104) is currently randomizing asymptomatic patients 

with severe AS to TAVI or to standard clinical surveillance. Also, the TAVR UNLOAD 

trial (NCT02661451) is evaluating the outcomes of TAVI in moderate AS with left 

ventricle dysfunction in comparison to medical treatment.   

Third, the device design competition is not going to finish. In this regard, there is amazing 

development in design of newer valves, delivery and closure systems which will surely 

help minimize the rate of procedural complications. Hopefully, this expanding market 

and competition will lead us to a more affordable and cost-effectiveness intervention.   
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Finally, if we get to a point where a vast majority of patients are treated with TAVI, the 

Heart Team will need to evolve with the trends in clinical practice. Perhaps only 

challenging or patients at high-risk for procedural complications will be discussed in this 

multidisciplinary meeting and the standard patients will be scheduled for the intervention 

directly. Moreover, an open debate about the role of the cardiovascular surgeons and the 

interventional cardiologists regarding this technique is ongoing and will be of interest to 

find a collaboration between both in order to obtain the best outcomes for the patients.  
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 HYPOTHESES 

a. The reduction and early recognition of vascular and bleeding complications might 

improve clinical outcomes in patients treated with TAVI. 

b. A full percutaneous transfemoral approach for TAVI is related to a lower rate of 

major bleedings in comparison to the surgical cut-down approach. 

c. The development of post-TAVI thrombocytopenia has a prognosis value in short-

term clinical outcomes.  

d. The kinetics of drop platelet count after TAVI are different according to the type 

of valve implanted. 
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 OBJECTIVES 

GENERAL OBJECTIVE 

To evaluate the improvement in clinical outcomes of patients treated with TAVI related 

to a reduction of the major vascular and bleeding complications and its early recognition. 

SPECIFIC OBJECTIVES 

a. To determine the frequency of vascular and bleeding complications based on the 

used technique to obtain the vascular access, surgical or percutaneous, in the 

population treated with transfemoral TAVI. 

b. To determine the frequency and kinetics of drop in platelet count after TAVI and 

its prognostic implications on clinical outcomes. 

c. To analyse the difference in drop of platelet count after TAVI between the 

balloon-expandable and self-expanding valves. 
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 MATERIALS AND METHODS 

Sub-project 1 

“Comparison of complications between percutaneous puncture or surgical cut-

down for transfemoral access in Transcatheter Aortic Valve Implantation” 

Data from the Spanish National TAVI Registry were analysed. Patients undergoing 

transfemoral TAVI in 41 Spanish centres from January 2010 to July 2015 were included. 

Subjects were divided into percutaneous puncture (PG) and cut-down group (CG) 

according to the way to obtain the vascular access. A propensity-matched comparison 

was performed to avoid selection bias.  

VARC-2 definitions were used to assess outcomes and complications. Vascular and 

bleeding complications were evaluated at 30-days and mid-term follow-up. Stroke, renal 

injury, myocardial infarction and death were also assessed.  

Sub-project 2 

“Study of Thrombocytopenia after Transcatheter Aortic Valve Implantation” 

a. Patients treated with TAVI (transfemoral, transapical and transaortic) in 2 Spanish 

tertiary centres (Hospital Clínic de Barcelona and Hospital Universitari Bellvitge) 

between 2012 to 2016 were included. Subjects with severe baseline 

thrombocytopenia (<100x109/L) and peri-procedural death were excluded. 

Laboratory analyses were performed at baseline, daily during intensive care unit 

stay and following their physician discretion thereafter.  Two groups were created 

according the DPC: ≤30% or >30%.  

Standard clinical follow-up was performed at 30-days, 3-months and 1-year. 

Clinical, procedural characteristics and outcomes were collected retrospectively. 

VARC-2 criteria were used for outcomes.  
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 MATERIALS AND METHODS 

b. Patients treated with transfemoral TAVI in a French high-volume center 

(Rangueil University Hospital) from 2008 to 2016 were included. Exclusion 

criteria were non-transfemoral approach, severe baseline thrombocytopenia and 

peri-procedural death. Two groups were created according the DPC ≤30% or 

>30%. The study protocol was like the previous study.  

 

Specific methodology of each of the studies is detailed in the published articles and 

incorporated to this doctoral thesis. 
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Puncture Versus Surgical Cutdown Complications
of Transfemoral Aortic Valve Implantation (from the

Spanish TAVI Registry)
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Vascular complications in transcatheter aortic valve implantation using transfemoral
approach are related to higher mortality. Complete percutaneous approach is currently the
preferred technique for vascular access. However, some centers still perform surgical
cutdown. Our purpose was to determine complications related to vascular access
technique in the population of the Spanish TAVI National Registry. From January 2010 to
July 2015, 3,046 patients were included in this Registry. Of them, 2,465 underwent
transfemoral approach and were treated with either surgical cutdown and closure (cutdown
group, n [ 632) or percutaneous approach (puncture group, n [ 1,833). Valve Academic
Research Consortium-2 definitions were used to assess vascular and bleeding complications.
Propensity matching resulted in 615 matched pairs. Overall, 30-day vascular complications
were significantly higher in the puncture group (109 [18%] vs 42 [6.9%]; relative risk [RR]
2.60; 95% confidence interval [CI] 1.85 to 3.64, p <0.001) due mostly by minor
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vascular events (89 [15%] vs 25 [4.1%], RR 3.56, 95% CI 2.32 to 5.47, p <0.001). Bleeding
rates were lower in the puncture group (18 [3%] vs 40 [6.6%], RR 0.45, 95% CI 0.26 to 0.78,
p[ 0.003) mainly driven by major bleeding (9 [1.5%] vs 21 [3.4%], RR 0.43, 95% CI 0.20 to
0.93, p [ 0.03). At a mean follow-up of 323 days, complication rates remained significantly
different between groups (minor vascular complications 90 [15%] vs 31 [5.1%], hazard ratio
2.99, 95% CI 1.99 to 4.50, p <0.001 and major bleeding 10 [1.6%] vs 21 [3.4%], hazard ratio
0.47, 95% CI 0.22 to 1.0, p [ 0.04, puncture versus cutdown group, respectively). In
conclusion, percutaneous approach yielded higher rates of minor vascular complications
but lower rates of major bleeding compared with the surgical cutdown, both at 30-day and
at mid-term follow-up in our population. � 2016 Elsevier Inc. All rights reserved. (Am J
Cardiol 2016;118:578e584)

Transcatheter aortic valve implantation (TAVI) has
emerged as an effective alternative to surgical replacement in
selected high-risk patients.1e3 TAVI procedures usually re-
quires the use of large sheaths, which may eventually induce
vascular or bleeding complications. Major vascular compli-
cations during the TAVI procedure range from5% to 25%and
are associated with a major increase in mortality risk.4e6 A
substudy of the Placement of Aortic Transcatheter Valves
(PARTNER) trial reported rates of 15%major and 12%minor
vascular complications.7 The occurrence of vascular com-
plications might be influenced by factors, such as patient
anatomy, female gender, device size, and operator experi-
ence.8 In clinical practice, some centers still perform TAVI
procedures by surgical cutdown. However, complete percu-
taneous access is now the preferred technique in most cen-
ters.9e11 There is limited scientific evidence about which one
of both approachesmight improve clinical outcomes.12,13 The
aim of this study was to determine the access-related vascular
and bleeding complications of TAVI procedures relative to
the vascular access technique from the population of the
Spanish TAVI Registry.14

Methods

The Spanish TAVI National Registry was initiated in
201014 and includes all patients treated by TAVI in a total of
41 Spanish centers. For the purpose of this study, we
analyzed patient data from all TAVI procedures using a
transfemoral approach (TF-TAVI) that were included in the
Registry from January 2010 to July 2015. Procedures using
a transapical or other accesses were excluded from the
analysis.

The Spanish TAVI National Registry is a joint collabo-
ration between the Working Group on Interventional Car-
diology of the Spanish Society of Cardiology and the
Spanish Society of Thoracic and Cardiovascular Surgery.
The Registry complies with Spanish data protection laws
and has been approved by a central ethics board. Center
participation on this Registry is voluntary. All the patients
signed informed consent for research use of their anony-
mized data from the Registry. Individual patient data were
collected using an electronic case report form.

During the recruitment period, all patients were treated
either with Medtronic CoreValve (Medtronic, Dublin,
Ireland) or Edwards SAPIEN (Edwards Lifesciences, Irvine,
California). The selection of prosthesis and vascular access
were based on each center preference and experience. The
procedures were usually performed under general anesthesia

and were guided by transesophageal echocardiography.
Surgical access and closure were performed in standard
fashion.13 For the percutaneous approach, the “preclosure”
technique was performed as described elsewhere.9e11 The
selection of closure devices was at discretion of the operator.

Outcomes were classified according to the updated Valve
Academic Research Consortium-2 definitions.15 To assess
the access-related complications, we evaluated vascular
complications and bleeding rates at 30 days and at mid-term
follow-up. In addition, we evaluated all-cause death, stroke,
Acute Kidney Injury Network (AKIN) stage 3 renal failure,
and myocardial infarction rates according to the Valve Ac-
ademic Research Consortium-2 definitions.15

Statistical analysis was performed using SPSS 15.0
(SPSS Inc., Chicago, Illinois). Continuous variables are
presented as mean � SD and categorical variables as fre-
quencies and percentages. Between-group comparisons
were performed using Student’s t test for continuous vari-
ables and the chi-square or Fisher’s exact test for categorical
variables, when appropriate. Main effect estimates are pre-
sented with their 95% confidence interval (CI).

To reduce selection bias, we used a propensity-matched
score, estimated by logistic regression, selecting the cova-
riates by clinical and statistical criteria. The model included
age, gender, body mass index, peripheral artery disease,
previous coronary artery bypass graft, creatinine clearance,
logistic Euroscore, left ventricular ejection fraction, mean
gradient, and prosthesis size and type. Participants were
matched using a 1:1 nearest-neighbor approach. Computa-
tions were performed using the MatchIt package. This
analysis resulted in 615 matched pairs.

Kaplan-Meier method was used for cumulative survival
analysis free of vascular complications and bleeding. To
compare the survival between groups during follow-up, the
log-rank and Breslow exact test were used as appropriate.
Hazard ratios (HRs) (95% CI) were assessed using Cox
models and compared with the Wald test.

Results

From January 2010 to July 2015, 3,046 patients were
included in the Registry. Of them, 2,465 patients under-
went TF-TAVR and were finally included in this analysis.
Complete percutaneous approach (puncture group) was
performed in 1,833 (74.3%) of them and surgical cutdown
and closure (cutdown group) in the remaining 632
(25.6%). The flow chart of the study is depicted in
Figure 1. Baseline characteristics are reported in Table 1.
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There were no differences in terms of gender, body mass
index, and cardiovascular risk factors between groups.
Patients of the cutdown group were older, had higher
prevalence of smoking history, peripheral vascular disease
and previous bypass surgery, compared with the puncture
group. Conversely, the rate of angina pectoris was higher
in the puncture group. We did not find significant differ-
ences in baseline echocardiographic data. In the
propensity-matched population, the only significant dif-
ferences between groups were found in the prevalence of
atrial fibrillation (puncture 31% vs cutdown 25%, p ¼
0.03) and known coronary artery disease (puncture 56% vs
cutdown 49%, p ¼ 0.03).

Procedural outcomes are presented in Table 2. Most of
the transfemoral procedures were carried out in the cathe-
terization laboratory (2,365; 96%). Edwards-SAPIEN
prosthesis were used in 1,300 (53%) patients (537 [41%]
cutdown vs 763 [59%] puncture) and CoreValve prosthesis
in 1,150 (47%) patients with (92 [8%] cutdown vs 1,058
[92%] puncture). The puncture group received a larger
prosthesis (26.2 � 2.3 vs 25.1 � 2.0, p <0.001) and had
longer radiation time (26 � 13 vs 20 � 12 minutes, p
<0.001) and higher amount of contrast used (177 � 98 vs
146 � 86 ml, p <0.001) than the cutdown group, with
similar procedural time. The echocardiographic data at
discharge were comparable in both groups. In the
propensity-matched population, fluoroscopy time was
significantly higher in the puncture group. The mean
inhospital stay was 10� 8.9 days before matching (puncture
10.1 þ 8.9 vs cutdown 10.0 þ 8.8, p ¼ 0.84) and 9.9 þ
8.7 days after matching (puncture 9.8 þ 8.7 vs cutdown
10.0 þ 8.7 p ¼ 0.70).

A total of 2,173 (88%) patients were discharged alive
with the valve successfully implanted 1,006 (88%) in the
puncture group versus 567 (89.7%, p ¼ 0.24) in the cut-
down group. There were no significant differences between
the groups in the need for hemodynamic support, aortic
regurgitation, and conversion to surgery.

At 30-day follow-up and before the propensity-matched
analysis, there were more minor vascular complications in
the puncture group compared with the cutdown group
(relative risk [RR] 2.71, 95% CI 1.81 to 4.06, p � 0.001).

Conversely, bleeding was more frequent in the cutdown
group (RR 0.62, 95% CI 0.43 to 0.90, p ¼ 0.01) due to
major bleedings (3.4% vs 2.1%, p ¼ 0.08). Acute myocar-
dial infarction (AMI) was more frequent in the cutdown
group (RR 0.47; 95% CI 0.23 to 0.96, p ¼ 0.03). There were
no significant differences in the other end points.

After propensity-matched analysis (Table 3), overall
vascular complications remained significantly higher in the
puncture group (RR 2.6, 95% CI 1.85 to 3.64, p <0.001),
mainly driven by the development of minor vascular com-
plications. Besides, overall and minor vascular complica-
tions were mostly related to the access site. In contrast,
bleeding rates were higher in the cutdown group (RR 0.45,
95% CI 0.26 to 0.78, p ¼ 0.003), principally due to major
bleedings. Again, overall and major bleeding were more
often related to the access site. Local wound infections were
present in 16 cases (2.6%), all of them in the cutdown
group. There were no differences in the frequency of other
clinical end points.

At a mean mid-term follow-up of 323 days and before
matching, minor vascular complications were higher in the
puncture group compared with the cutdown group (HR 1.68,
95% CI 1.24 to 2.26, p<0.001). Conversely, major bleeding
rates were higher in the cutdown group (HR 0.83; 95% CI
0.50 to 1.37, p ¼ 0.47). AMI was more frequent in the cut-
down group (HR 0.49; 95% CI 0.26 to 0.92, p¼ 0.03).There
were no significant differences in the other end points.

After matching, vascular complications remained signif-
icantly higher in the puncture group (HR 2.23, 95% CI 1.6
to 3.11, p <0.001) mainly driven by minor vascular com-
plications (15% vs 5.1%, p <0.001). Conversely, bleeding
rates remained significantly higher in the cutdown group
(HR 0.57, 95% CI 0.35 to 0.95, p ¼ 0.03) due to major
bleeding complications (3.4 vs 1.6, p ¼ 0.04). There were
no statistically significant differences in the other end points
including AMI (Table 4).

Kaplan-Meier curves after propensity-matching analysis
for survival free of vascular and bleeding complications are
presented in Figure 2.

Discussion

Major findings of the study are summarized as follows:
complete percutaneous approach in patients with TF-TAVI
was associated with higher incidence of minor vascular
complications but lower incidence of major bleeding rates
than in the surgical cutdown population, both at 30 days and
at mid-term follow-up. Most of the complications were ac-
cess site related.

To date, this is the largest study comparing trans-
femoral vascular access methods in TAVI, including both
balloon-expandable and self-expanding prostheses. In a
retrospective study in 274 patients using Edwards-
SAPIEN valve, Nakamura et al13 suggested the feasi-
bility of the complete percutaneous access with a potential
of lowering access site infection and bleeding and short-
ening hospital stay while maintaining similar rates of
major vascular complications compared with surgical
access. Similar to our results, they found significant
isolated stenosis/dissection at the access site developed
more frequently in the percutaneous group (7.1% vs 0.7%,

Figure 1. Flow chart of the total patients included in the TAVI Spanish
National Registry (2010 to 2015).
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p ¼ 0.007). Also, they described higher rates of bleeding
and need for transfusion in the surgical cutdown group;
however, they were mainly driven by minor bleedings.
Our hypothesis is that the latter is related to a lower

threshold to transfuse when an open wound exists, and
bleeding is more evident.

Even when the rate of atrial fibrillation was significantly
higher in the percutaneous group, and these patients

Table 1
Baseline characteristics of puncture and cutdown groups, before and after propensity-matched analysis

Variable Total
(N ¼ 2465)

Before
Matching

After
Matching

Puncture
(N ¼ 1833)

Cutdown
(N ¼ 632)

P value Puncture
(N ¼ 615)

Cutdown
(N ¼ 615)

P value

Age (years) 82�7 82�6 81�7 0.03 82�7 81�7 0.52
Female 1360 (55%) 1015 (55%) 345 (55%) 0.73 343 (56%) 334 (54%) 0.61
Body mass index (kg/m2) 29�11 29�11 29�12 0.85 28�5 28�5 0.98
High blood pressure 1198 (79%) 1478 (81%) 501 (79%) 0.46 503 (82%) 494 (80%) 0.51
Dyslipidemia 1355 (55%) 999 (55%) 356 (56%) 0.43 343 (56%) 352 (57%) 0.61
Diabetes mellitus 869 (35%) 640 (35%) 229 (36%) 0.55 226 (37%) 224 (36%) 0.91
Smoking history 589 (24%) 418 (23%) 171 (27%) 0.03 150 (24%) 166 (27%) 0.30
Previous ictus 294 (12%) 215 (12%) 79 (13%) 0.61 82 (13%) 78 (13%) 0.74
Peripheral vascular disease 264 (11%) 181 (10%) 83 (13%) 0.02 84 (14%) 82 (13%) 0.87
Previous myocardial infarction 312 (13%) 232 (13%) 80 (13%) 0.99 85 (14%) 77 (13%) 0.50
Previous percutaneous coronary intervention 581 (24%) 442 (24%) 139 (22%) 0.28 153 (25%) 134 (22%) 0.20
Previous coronary artery bypass grafting 2451 (10%) 157 (9%) 88 (14%) <0.001 69 (11%) 88 (14%) 0.10
Known coronary artery disease 872 (53%) 630 (54%) 242 (49%) 0.04 228 (56%) 237 (49%) 0.03
Atrial fibrillation 665 (27%) 507 (28%) 158 (25%) 0.19 191 (31%) 156 (25%) 0.03
Pacemaker 196 (8%) 143 (8%) 53 (8%) 0.64 43 (7%) 52 (9%) 0.34
Creatinine Clearance (mL/min) 51�22 51�21 52�24 0.16 51�21 52�23 0.51
New York Heart Association class III-IV 1763 (72%) 1312 (72%) 451 (71%) 0.92 479 (78%) 446 (74%) 0.03
Angina pectoris class II-IV 925 (38%) 726 (40%) 199 (32%) <0.001 226 (37%) 198 (32%) 0.09
Logistic EuroSCORE (%) 17�11 17�11 18�12 0.03 17�12 18�12 0.51
Left ventricular ejection fraction (%) 56�14 56�14 55�13 0.03 55�14 55�13 0.62
Mean gradient (mmHg) 48�15 48�15 49�15 0.65 47�15 49�15 0.47
Peak gradient (mmHg) 79�23 79�23 79�23 0.69 78�24 79�23 0.06
Annulus Diameter(mm)* 22�2 21.8�2,3 21.4�2.0 0.004 21.3�2.1 21.4�2.0 0.49

* Data only available in 2443 patients.

Table 2
Procedural results

Variable Total N ¼ 2465 Before Matching After Matching

Puncture
N ¼ 1833

Cutdown
N ¼ 632

P
value

Puncture
N ¼ 615

Cutdown
N ¼ 615

P
value

Type of room <0.001 0.79
Catheterization laboratory 2365(96%) 1776(97%) 589(93%) 576 (94%) 572 (93%)
Operating room 3(0.1%) 1(0.1%) 2(0.3%) 1 (0.2%) 2 (0.3%)
Hybrid room 97(4%) 56(3%) 41(7%) 38 (6%) 41 (7%)

Type of prosthesis <0.001 0.22
Edwards 1300(53%) 763(42%) 537(85%) 523 (85%) 523 (85%)
Core-Valve 1165(47%) 1070(58%) 95(15%) 92 (15%) 92 (15%)

Size of prosthesis
Mean (mm) 25.9�2.3 26.2�2.3 25.1�2.0 <0.001 25.1�2.10 25.1�2.06 0.77
20 3 (0.1%) 3 (0.2%) 0 (0) <0.001 2 (0.3%) 0 (0%) 0.41
23 691 (28%) 426 (23%) 265 (42%) 266 (43%) 262 (43%)
25 3 (0,1%) 3 (0.2%) 0 (0%)
26 1156 (47%) 869 (47%) 277 (45%) 269 (44%) 274 (45%)
27 3 (0.1%) 3 (0.2%) 0 (0%)
29 566 (23%) 487 (27%) 79 (13%) 74 (12%) 78 (13%)
31 43 (1.7%) 42 (2.3%) 1 (0.2%) 4 (0.7%) 1 (0.2%)

Procedural time (min) 107�46 107�44 108�50 0.46 107�47 109�51 0.42
Fluoroscopy time (min) 24�13 26�13 20�12 <0.001 26�13 20�12 <0.001
Contrast volume (mL) 167�95 177�98 146�86 <0.001 145�80 145�83 0.95
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required anticoagulation before and after the procedure, the
rates of bleeding remained lower in this group. This might
be explained because hemostasis is more feasible when
using femoral puncture systems.

Only one single-center randomized trial,12 using the
Edwards-SAPIEN valve, has suggested that complete
percutaneous access is feasible and safe compared with sur-
gical cutdown. In that relatively small study (n ¼ 30), there
were no significant differences in vascular complications
between study groups. Another observational study from the
Brazilian TAVI Registry described similar safety and effec-
tiveness in both percutaneous and surgical cutdown pop-
ulations and using balloon-expandable and self-expandable
prosthesis.16 In contrast, our study included a larger number
of patients using different types of prostheses at multiple
centers, generating results that might be more generalizable.

Kadakia et al,17 in a single-center study (n ¼ 331) using
the Edwards-SAPIEN valve, found a similar risk of vascular
complications but lower post-procedural length of stay with
the percutaneous approach compared with surgical cutdown.
In our study, the length of stay was similar before and after
the propensity score analysis. In contrast, in the earlier
study’s surgical group, the radiation time and the amount of
contrast used during the procedure were lower compared
with the puncture group. These are important issues to be
taken into account at the time of considering the best
approach in this high-risk population.

Percutaneous approach has evolved fast during last years
and seems a more desirable technique for centers with large
experience in TAVI procedures. Even so, we have to
remember that the Perclose Proglide (Abbott Vascular,
Redwood City, California) and Prostar XL (Abbot Vascular,
Redwood City, California) systems are imperfect, the tech-
nique requires a learning curve, and the systems still need
more development and standardization. We must also
consider that every center has its own criteria and experi-
ence to manage these interventions. In this regard, the sur-
gical cutdown may be a better choice for centers with
limited TAVI experience.

To prevent access-site complications, the commitment of
the Heart Team in the selection of candidates and resolution
of complications remains crucial, along with the need for
greater use of imaging techniques such as Doppler ultraso-
nography or angio-computed tomography for the preproce-
dural assessment of femoral arteries and for the choice of the
approach. A multidisciplinary approach with the involve-
ment of clinicians, interventional and imaging cardiologists,
cardiovascular surgeons, and anesthesiologists specialized
in TAVI procedures will surely improve the results and
reduce complications.

Table 3
Thirty-day outcomes after propensity-matched analysis

Puncture
(N ¼ 615)

Cutdown
(N ¼ 615)

P value RR (95%CI)

Death 42 (7.2%) 35 (6.1%) 0.44 1.18 (0.76-1.83)
Vascular complications 109 (18%) 42 (6.9%) <0.001 2.60 (1.85-3.64)
Access related 103 (17%) 36 (5.9%) <0.001 2.86 (1.99-4.11)

Major 20 (3.3%) 17 (2.8%) 0.26 1.18 (0.62-2.24)
Access related 14 (2.3%) 12 (2%) 0.84 1.16 (0.54-2.50)
Non access related 6 (1%) 5 (0.8%) 1 1.20 (0.37-3.91)

Minor 89 (15%) 25 (4.1%) <0.001 3.56 (2.32-5.47)
Bleeding 18 (3.0%) 40 (6.6%) 0.003 0.45 (0.26-0.78)
Access related 10 (1.6%) 27 (4.4%) 0.007 0.37 (0.18-0.76)

Major 9 (1.5%) 21 (3.4%) 0.03 0.43 (0.20-0.93)
Access related 6 (1%) 12(2%) 0.16 0.51 (0.19-1.32)
Non access related 3 (0.5%) 9(1.5%) 0.14 0.33 (0.09-1.23)

Minor 9 (1.5%) 19 (3.1%) 0.06 0.47 (0.22-1.04)
Stroke 16 (2.6%) 8 (1.3%) 0.10 2.00 (0.86-4.64)
Renal failure 14 (2.3%) 14 (2.3%) 1 1.00 (0.48-2.08)
Acute myocardial

infarction
9 (1.5%) 13 (2.1%) 0.39 0.69 (0.30-1.61)

Table 4
Mid-term follow-up results after propensity-matched analysis

Puncture
(N ¼ 615)

Cutdown
(N ¼ 615)

P value HR (95% CI)

Death 91 (15%) 93 (15%) 0.42 1.13 (0.84-1.51)
Vascular complications 110 (18%) 51 (8.4%) <0.001 2.23 (1.60-3.11)
Access related 104 (17%) 44 (7.2%) <0.001 2.42 (1.70-3.45)

Major 20 (3.3%) 20 (3.3%) 0.98 1.01 (0.54-1.87)
Access related 14 (2.3%) 15 (2.5%) 0.88 0.94 (0.46-1.96)
Non access related 6 (1%) 5 (0.8%) 0.76 1.20 (0.37-3.93)

Minor 90 (15%) 31 (5.1%) <0.001 2.99 (1.99-4.50)
Bleeding 24 (3.9%) 42 (6.9%) 0.03 0.57 (0.35-0.95)
Access related 10 (1.6%) 27 (4.4%) 0.004 0.37 (0.18-0.76)

Major 10 (1.6%) 21 (3.4%) 0.04 0.47 (0.22-1.00)
Access related 6 (1%) 12 (2%) 0.15 0.50 (0.19-1.33)
Non access related 4 (0.7%) 9 (1.5%) 0.16 0.45 (0.14-1.44)

Minor 14 (2.3%) 21 (3.4%) 0.26 0.68 (0.35-1.34)
Stroke 22 (3.6%) 21 (3.4%) 0.60 1.17 (0.64-2.14)
Renal failure 15 (2.5%) 15 (2.5%) 0.99 1.01 (0.49-2.06)
Acute myocardial

infarction
10 (1.6%) 17 (2.8%) 0.22 0.62 (0.28-1.35)

Figure 2. Kaplan-Meier curves. Survival free from vascular complications
and bleeding after propensity-matched analysis.
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Finally, we believe that the surgical and percutaneous
approaches for TF-TAVI can continue to coexist. Efforts are
needed to choose the right approach for each patient,
considering the anatomy, size of the devices available on the
market, and the experience of each center. Future prospec-
tive studies should include cost-effectiveness analysis to
define the potential advantages of one closure technique
versus the other.

Several limitations should be acknowledged. First,
participation in this national registry is voluntary, so we
cannot rule out bias in patient selection because of un-
measured confounding variables. However, the Spanish
TAVI National Registry is highly representative of the
current situation in Spain; it includes data about 80% of
all the valves implanted in the country.14 Second, events
have been adjudicated by each center investigator’s.
Therefore, a certain degree of underreporting of events
cannot be completely ruled out. Also, the data about
femoral artery size, tortuosity, or calcification are not
available or are irregularly reported because it was not a
mandatory field in the Registry. Besides, data on sheath
size are not available either. General criteria to decide the
type of closure (cutdown vs puncture) were based on
center and operator preferences. No standard criteria were
followed. Thus, a certain degree of selection bias cannot
be ruled out. Data regarding the use of the Prostar versus
the Perclose are not completely reported in the Registry.
Barbash et al18 in a recent well-matched TAVI population
described higher rates of vascular complication using the
Prostar. Thus, the development of complications related to
specific percutaneous systems could not be assessed. No
information on the antithrombotic treatment during
follow-up is available.
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Propensity-matched comparison of percutaneous and 
surgical cut-down approaches in transfemoral transcatheter 
aortic valve implantation using a balloon-expandable valve. 
Moving to the percutaneous approach
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We read with much interest the recent paper by Kawashima et al1, 
assessing the outcomes of the percutaneous approach vs. surgi-
cal cut-down for transfemoral transcatheter aortic valve implan-
tation (TF-TAVI) in a propensity-matched population from the 
Optimized CathEter vAlvular iNtervention (OCEAN)-TAVI reg-
istry. In the matched analysis of 166 pairs they found a lesser 
frequency of major vascular complications (15.1% vs. 27.1%, 
p<0.01), major bleeding (7.2% vs. 16.9%, p=0.01) and less need 
for blood transfusion (21.1% vs. 38.0%, p<0.01) in the percutane-
ous group when compared with the cut-down group. This advan-
tage was also reflected in a lesser frequency of acute kidney injury 
(6.0% vs. 15.1%, p<0.01). Furthermore, they found shorter proce-
dural times, ICU stay and in-hospital stay in the percutaneous arm.
These results are of great value as, to our knowledge, there is 
only one single-centre randomised study with a small number of 
patients (n=30) and with balloon-expandable prostheses that has 
described a similar rate of vascular complications between both 

options, suggesting the feasibility and safety of the completely per-
cutaneous approach2. We have also recently published the Spanish 
experience from 2010 to 2015 in 2,546 patients who underwent 
TF-TAVI, with the percutaneous access accounting for 74.3%. In 
fact, this is the largest study in the literature comparing puncture 
vs. surgical cut-down, including both balloon-expandable and self-
expanding prostheses3. We performed a propensity-matched analy-
sis resulting in 615 pairs3. At 30-day follow-up, the percutaneous 
approach yielded a higher rate of minor vascular complications: 
most of them were access-site-related, such as stenosis/dissec-
tion or stenting in the femoral artery (89 [15%] vs. 25 [4.1%]; 
RR 3.56, 95% CI: 2.32-5.47, p<0.001). Similarly to the results 
provided in the present paper, we reported higher rates of major 
bleeding in the cut-down group (21 [3.4%] vs. 9 [1.5%]; RR 0.43, 
95% CI: 0.20-0.93, p=0.03)3. This complication rate remained 
significantly different and favourable to the percutaneous group 
at 323-day follow-up.
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Remarkably, the fast development of the technology and the 
growing experience of the TAVI teams in the USA and Europe 
have brought about the simplification of the access technique, 
evolving from a surgical to a percutaneous approach. No ran-
domised data supported this evolution but data from observa-
tional studies and now these two propensity-matched analyses 
seem to confirm the superiority of the truly percutaneous 
approach over surgical cut-down. Even though there might be a 
learning curve related to this step, we broadly recommend to our 
Asian colleagues and centres still performing surgical cut-down 
to move to the percutaneous approach if the vascular anatomy 
is suitable. Preprocedural evaluation of the iliofemoral anatomy 
and teams trained to solve any vascular injuries remain essential 
to achieve this objective.
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Background: Thrombocytopenia after transcatheter aortic valve implantation (TAVI) is common

and has been related to higher mortality and major complications. No comparison between

balloon-expandable (BEV) and self-expanding valves (SEV) regarding drop platelet count (DPC)

has been reported to date. The objectives of this study were to analyze the differences in DPC

between BEVs or SEVs and their prognostic implications in clinical outcomes.

Methods: We retrospectively analyzed patients undergoing TAVI. Platelet counts after TAVI

were collected. Two groups were created: DPC ≤ 30% and DPC > 30%. VARC-2 criteria were

used to define outcomes.

Results: Study population was composed of 195 patients (age 77.5 � 6.7, 57.4% males). All of

them but one experienced DPC (mean DPC 31.9 � 15.3%). DPC was significantly higher among

the patients treated with BEV compared to those treated with SEV (36.3 � 15.1% vs

27.7 � 14.4, P < 0.001). After multivariate analysis, the use of BEV was independently associated

with a higher rate of DPC > 30% (67.4% vs 36.0%; OR 3.4; 95% CI, 1.42-8.16). At 30 days, the

DPC > 30% was associated with a higher rate of life-threatening/major bleeding, major vascular

complications, in-hospital sepsis and mortality. At one year, there were no statistically significant

differences in the mortality rate between groups (6.35% vs 10.0%, HR 1.54; 95% CI, 0.56–4.25).

Conclusions: In this study, the use of BEV was associated with a higher risk of DPC after TAVI.

A DPC rate > 30% was associated with an increased risk of major complications at 30 days.

KEYWORDS

aortic stenosis, outcomes, thrombocytopenia, transcatheter valve implantation

1 | INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is the standard of care

for high-risk or inoperable patients with symptomatic aortic

stenosis.1,2 Recently, TAVI has proven safety and efficacy in the

intermediate-risk population.3,4 Prevention and early recognition of

peri-procedural complications remains crucial since they are related to

higher mortality and prolonged in-hospital stay.5

Thrombocytopenia is a marker of seriously ill patients.6 Previous

studies reported a drop of platelet count (DPC) in patients after surgi-

cal aortic valve replacement, coronary artery bypass grafting, and

Abbreviations: BEV, balloon-expandable valve; CI, confidence interval; DPC,

drop of platelet count; SEV, self-expanding valve; TAVI, transcatheter aortic

valve implantation.
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percutaneous coronary interventions without serious clinical

implications.7–9 On the other hand, thrombocytopenia after TAVI it is

also common, but it has been related to a higher mortality and higher

rate of renal injury, vascular, and bleeding complications.10–13 The eti-

ology of post-TAVI DPC seems to be multifactorial. Several hypothe-

ses have been proposed including dilution thrombocytopenia,

decreased platelet production, increased platelet destruction, aug-

mented platelet activation or increased platelet consumption.14

Data on kinetics of platelet counts after TAVI and its clinical con-

sequences have been reported.10–13,15 However, no direct compari-

son regarding DPC between balloon-expandable (BEV) and self-

expanding valves (SEV) has been described to date.

Our purpose was to analyze the differences in DPC between BEV

or SEV and the prognostic implications in clinical outcomes related to

this phenomenon.

2 | MATERIALS AND METHODS

2.1 | Study population and TAVI procedures

The analysis pooled all patients with severe aortic stenosis undergoing

TAVI in two Spanish tertiary centers between January 2012 and

December 2016. TAVI was proposed in patients with severe aortic

stenosis who were considered inoperable or at high risk for surgery.

Local heart team determined TAVI indications, approach, and the type

of transcatheter valves used. A total of 206 patients underwent TAVI.

Patients with baseline moderate/severe thrombocytopenia (platelet

count <100 × 109/L) (n = 10) or with periprocedural death (n = 1)

were excluded from the analysis. The final population comprised

195 patients. The flowchart of the study is in the Figure 1.

TAVI access and valve size were selected using 3D CT measure-

ments. Patients were treated either with balloon-expandable Edwards

Sapien, Sapien XT or Sapien 3 valves (Edwards Lifesciences, Irvine,

California) or self-expanding Medtronic CoreValve or Evolut R

(Medtronic, Inc., Minneapolis, Minnesota). Transfemoral vascular

access and closure were performed in standard fashion.16,17 Transapi-

cal and transaortic access were also included in the analysis. All

patients received unfractioned heparin to maintain a minimum active

clotting time of >250 seconds during the procedure. Dual antiplatelet

therapy with aspirin 100 mg/day and clopidogrel 75 mg/day for

3 months and aspirin 100 mg/day thereafter was prescribed. Patients

requiring oral anticoagulation received vitamin K antagonist instead of

dual antiplatelet therapy.

Laboratory analyses were performed before the procedure, daily

during postprocedural intensive care unit stay, and at the physician

discretion in the cardiology ward. Standard follow-up included outpa-

tient visits at 30 days, 3 months, and 1 year after the hospital dis-

charge. Baseline characteristics, procedural data, and clinical

outcomes were collected within a dedicated database.

The study protocol was in accordance with the ethical guidelines

of the 1975 Declaration of Helsinki as reflected by the approval of

the local ethics committee and all patients gave written informed con-

sent before the procedure(s).

2.2 | Definitions and endpoints

Valve Academic Research Consortium (VARC-2) criteria were used to

define peri-procedural events.18 Nadir platelet count was defined as

the lowest record platelet count during hospitalization. DPC was

determined according to previous reports: [%DPC = 100 × (baseline

platelet count − nadir platelet count)/baseline platelet count].12

Thrombocytopenia was classified also in mild (<150 × 109/L), moder-

ate (<100 × 109/L) and severe (50 × 109/L) according to the postpro-

cedural nadir reached.

2.3 | Statistical analysis

Continuous variables are presented as mean � SD, categorical vari-

ables as frequencies and percentages. Between-group comparisons

were performed using Student t-test for continuous variables and

Chi-square or Fisher exact test for categorical variables, when appro-

priate. Main effect estimates are presented with their 95% confidence

interval (CI). To estimate the association between valve type and

DPC, a multivariable logistic regression analysis was performed. The

DPC was categorized into two groups. The groups were determined

based on the median DPC (DPC ≤30% and DPC >30%). Variables

exhibiting a P value <0.10 in the bivariable analysis were included in

the multivariable model (body mass index, BEV, valve size, predilata-

tion, procedural success, transfemoral approach, contrast volume,

peri-procedural life-threatening or major bleeding, major vascular

complication). The model fit was evaluated with the area under the

receiver operating characteristic curve.

The association between DPC and clinical outcomes was evalu-

ated comparing patients with greater vs lesser drop in their platelet

count. Kaplan–Meier method was used for cumulative survival analy-

sis. To compare the survival between groups during follow-up, the

Log-Rank and Breslow exact test were used as appropriate. Hazard

ratios (HR) (95%CI) were assessed using Cox models and compared

with the Wald test. All statistical analyses were performed with the

FIGURE 1 Study flowchart. From 2012 to 2016, 206 patients were

treated with TAVI. Eleven of them were excluded. A total of
195 patients were finally included in the analysis
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use of SPSS software package version 21.0, SPSS (SPSS Inc., Chicago,

Illinois).

3 | RESULTS

3.1 | Study population

Table 1 summarizes the baseline and procedural characteristics of the

study population according to the type of the implanted valve.

Patients treated with SEV had a larger body mass index, lower

prevalence of coronary artery disease, and higher left ventricular ejec-

tion fraction and received more amount of contrast volume. They

were also treated more frequently by transfemoral approach in com-

parison with the BEV population.

3.2 | Changes in platelet count values after TAVI

All patients, except for 1 had a decrease in platelet count after the

procedure. The mean DPC post-TAVI was 31.9% � 15.3%. Mean

days from TAVI to platelet count nadir were 3.1 � 1.6. Figure 2

TABLE 1 Baseline and procedural characteristics of the study population according to the type of the implanted valve

Total BEV SEV
P value(N = 195) (N = 95) (N = 100)

Baseline characteristics

Age (years) 77.5 � 6.7 76.9 � 7.2 78.1 � 6.2 0.238

Male 112(57.4%) 56(58.9%) 56(56.0%) 0.677

Body mass index (kg/m2) 28.7 � 4.7 27.8 + 4.2 29.5 � 5.0 0.020

Hypertension 163(83.6%) 79(83.2%) 84(84.0%) 0.874

Diabetes mellitus 94(48.2%) 44(46.3%) 50(50%) 0.812

Atrial fibrillation 55(28.2%) 27(28.4%) 28(28%) 0.984

Peripheral vascular disease 51(26.2%) 28(29.5%) 23(23.0%) 0.324

Previous stroke 19(9.7%) 8(8.4%) 11(11.0%) 0.544

Previous percutaneous coronary intervention 37(19%) 20(21.1%) 16(16.0%) 0.381

Previous coronary artery bypass grafting 33(17.0%) 20(21.1%) 13(13.0%) 0.142

Known coronary artery disease 81(42.0%) 49(52.7%) 32(32.0%) 0.004

Baseline creatinine (mg/dL) 1.2 � 0.97 1.4 � 1.2 1.0 � 0.47 0.025

STS-PROM score (%) 5.6 � 4.3 5.4 � 4.5 5.9 � 4.1 0.378

Logistic EuroSCORE 2 (%) 6.7 � 7.2 7.4 � 5.8 6.1 � 8.3 0.192

Left ventricular ejection fraction (%) 53.3 � 13.5 49.8 � 14.0 56.6 � 12.1 <0.001

Mean transaortic gradient (mmHg) 47.1 � 12.9 45.7 � 14.1 48.4 � 11.6 0.150

AVA (cm2) 0.72 � 0.49 0.78 � 0.70 0.66 � 0.14 0.860

Procedural characteristics

Transfemoral approach 158(81%) 62(65.3%) 96(96%) <0.001

Transapical approach 34(17.4%) 33(34.7%) 1(1%) <0.001

Transaortic approach 3(1.5%) 0 3(3%) <0.001

Procedural success 185(94.9%) 85(89.5%) 100(100%) 0.001

Procedure duration 115.9 � 42.8 111.01 � 38.6 120.45 � 46.1 0.127

Sheath size

14F 51(26.2%) 24(25.3%) 27(27%) 0.783

16F 28(14.4%) 28(29.5%) 0 <0.001

18F 110(56.4% 37(38.9%) 73(73%) <0.001

20F 6(3.1%) 6(6.3%) 0 NA

Valve size

23 mm 43(22.05%) 41(43.2%) 2(2%) <0.001

26 mm 85(43.5%) 39(41.1%) 46(46%) 0.578

29 mm 63(32.3%) 15(15.8) 48(48%) <0.001

31 mm 4(2.05%) NA 4(4%) NA

Predilatation 159 (81.5%) 94 (98.9%) 65 (65%) <0.001

Postdilatation 40 (20.5%) 8 (8.4%) 32 (32%) <0.001

Moderate/severe paravalvular leak 25 (12.8%) 8 (8.5%) 17 (17%) <0.001

Contrast volume (mL) 196.6 � 135.2 99.2 � 76.5 279.9 � 117.9 <0.001

Values are mean � SD or absolute and percentages. AVA, aortic valve area; BEV, balloon-expandable valves; F, French; SEV, self-expanding valves;
STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality
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shows the peri-procedural platelet count kinetics according to the

type of valve implanted.

3.3 | Changes in platelet count values according to
the type of the implanted valve

Table 2 summarizes the changes in platelet count values according to

the type of the implanted valve. There were no significant differences

in the baseline platelet count between groups. The percentage of

DPC was significantly higher in patients treated with a BEV when

compared with patients that received a SEV. Patients that received a

BEV reached the nadir significantly later than patients treated with a

SEV. When adjusting for possible confounders (body mass index,

predilatation, procedural success, transfemoral approach, contrast vol-

ume, peri-procedural life-threatening or major bleeding, major vascu-

lar complication), the use of BEV was independently associated with a

higher rate of high DPC post-TAVI (OR 3.4; 95% CI, 1.36–8.42).

3.4 | Other factors associated with a high DPC
post-TAVI

The univariable analysis of the factors associated with a high DPC

post-TAVI is summarized in Table 3. In addition to the use of BEV, a

higher rate of DPC post TAVI was observed in patients that were trea-

ted through a nontransfemoral approach and in those who received

less contrast volume.

FIGURE 2 Differences of the kinetics of drop platelet count (DPC) between the balloon-expandable valves (BEV) and self-expanding valves (SEV)

groups [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 2 Peri-procedural laboratory values according to the type of the implanted valve

Total BEV SEV
P value(N = 195) (N = 95) (N = 100)

Hematocrit at baseline (%) 37.2 � 5.0 37.7 � 5.5 36.7 � 4.5 0.180

Hematocrit after TAVI (%) 33.3 � 6.4 32.7 � 7.8 34.0 � 4.6 0.174

Platelet count at baseline (109/L) 214.8 � 68.7 211.0 � 71.0 218.5 � 66.5 0.451

Platelet count nadir (109/L) 145 � 56.9 134.1 + 55.1 157.1 � 56.5 0.004

Days to nadir 3.1 � 1.6 3.4 � 1.6 2.7 � 1.5 0.005

Drop platelet count (%) 31.9 � 15.3 36.3 � 15.1 27.7 � 14.4 <0.001

No thrombocytopenia 78 (40%) 30 (31.6%) 48 (48%) 0.020

Mild thrombocytopenia (<150x109/L) 79(40.5%) 38(40%) 41(41%) 0.887

Moderate thrombocytopenia (<100x109/L) 36(18.5%) 25(26.3%) 11(11%) 0.006

Severe thrombocytopenia (<50x109/L) 2(1%) 2(2.1%) 0 0.145

Values are mean � SD or absolute and percentages. BEV, balloon-expandable valves; SEV, Self-expanding valves; TAVI, Transcatheter aortic valve
implantation.
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The multivariable analysis of the factors associated with a high

DPC post-TAVI is showed in Table 4. The use of BEV was the only

factor independently associated with a higher rate of DPC.

3.5 | Association between DPC and clinical
outcomes

Thirty-day clinical outcomes are summarized in Table 5. A high DPC

was associated with higher rate of in-hospital sepsis, and life-

threatening or major bleeding, major vascular complications, and mor-

tality at 30 days. Also, there was higher rate of red blood cells unit

transfusions in this group. At one-year follow-up, there were no

statistically significant differences in the mortality rate between

groups (6.35% vs 10.0%; HR 1.54; 95% CI, 0.56-4.25). Kaplan–Meier

survival curve at 1-year follow-up is shown in Figure 3. Clinical out-

comes according to the degree of thrombocytopenia (no, mild, moder-

ate, and severe) are shown in the supporting information.

4 | DISCUSSION

TAVI was associated with a significant DPC, which reached nadir

levels 3 days after the procedure. The implantation of a BEV was inde-

pendently associated with a higher DPC following TAVI. At pne-

TABLE 3 Factors associated with a high DPC post-TAVR

Total DPC ≤ 30% DPC > 30% P value
(N = 195) (N = 95) (N = 100)

Baseline characteristics

Age (years) 77.5 � 6.7 76.8 � 6.8 78.2 � 6.6 0.158

Male 112(57.4%) 55(57.9%) 57(57%) 0.899

Body mass index (kg/m2) 28.7 � 4.7 29.4 � 5.0 28.2 � 4.4 0.087

Hypertension 163(83.6%) 76(80%) 87(87%) 0.187

Diabetes mellitus 94(48.2%) 49(51.6%) 45(45%) 0.358

Atrial fibrillation 55(28.2%) 29(30.5%) 26(26%) 0.483

Chronic renal failure 46(23.6) 25(26.3%) 21(21%) 0.382

Baseline creatinine (mg/dL) 1.2 � 0.97 1.18 + 0.92 1.3 � 1.01 0.391

Previous stroke 19(9.7%) 11(11.6%) 8(8%) 0.400

Known coronary artery disease 81(42.0%) 36(37.9%) 45(45%) 0.259

STS-PROM score (%) 5.7 � 4.9 5.7 � 4.9 5.5 � 3.7 0.742

Logistic EuroSCORE 2 (%) 6.7 � 7.2 6.3 � 6.6 7.1 � 7.8 0.443

Left ventricular ejection fraction (%) 53.3 � 13.5 53.1 � 14.1 53.49 � 12.9 0.860

Mean transaortic gradient (mmHg) 47.1 � 12.9 47.9 � 12.5 46.3 � 13.4 0.376

AVA (cm2) 0.72 � 0.49 0.68 � 0.14 0.75 � 0.67 0.299

Procedural characteristics

Balloon-expandable prosthesis 95(48.7%) 31(32.6%) 64(64%) <0.001

Transfemoral approach 158(81%) 86(90.5%) 72(72%) 0.001

Transapical approach 34(17.4%) 7(7.4%) 27(27%) 0.001

Transaortic approach 3(1.5%) 2(2.1%) 1(1%) 0.001

Procedural success 185(94.9%) 92(96.8%) 93(93%) 0.224

Procedure duration 115.9 � 42.8 117.15 � 42.2 114.6 � 43.6 0.690

Sheath size

14F 51(26.2%) 31(32.6%) 20(20%) 0.045

16F 28(14.4%) 6(6.3%) 22(22%) 0.002

18F 110(56.4% 56(58.9%) 54(54%) 0.486

20F 6(3.1%) 2(2.1%) 4(4%) 0.444

Valve size

23 mm 43(22.1%) 12(12.6%) 31(31%) 0.002

26 mm 85(43.5%) 43(45.2%) 42(42%) 0.548

29 mm 63(32.3%) 37(38.9%) 26(26%) 0.037

31 mm 4(2.1%) 3(3.1%) 1(1%) 0.288

Predilatation 159 (81.5%) 71 (74.7%) 88 (88%) 0.017

Postdilatation 40 (20.5%) 24 (25.4%) 16 (16%) 0.109

Moderate/severe paravalvular leak 25 (12.8%) 12(12.6%) 13(13%) 0.033

Contrast volume (mL) 196.6 � 135.2 219 � 122.3 171.8 � 144.4 0.018

Values are mean � SD or absolute and percentages. AVA, aortic valve area; DPC, drop platelet count; STS-PROM, Society of Thoracic Surgeons Predicted
Risk of Mortality; TAVR, transcatheter aortic valve replacement.
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month follow-up patients with a DPC had a higher rate of vascular

complications, bleeding, sepsis, and death.

The etiology of DPC post-TAVI is complex and multifactorial. Pre-

vious studies have shown that patients with an aortic stenosis that

are treated with TAVI develop higher DPC than patients who undergo

isolated aortic valvuloplasty.19 The development of DPC has been

described after surgical and transcatheter aortic valve replace-

ment.12,13,20 The mean DPC of 31% after TAVI is similar to previous

reports.12,13 Several reasons that explain the relationship between

aortic valve implantation and thrombocytopenia have been suggested.

Endothelial damage and shear stress,20 and the toxic effect of the

prosthesis storage solution21 are factors related to the prosthesis that

might explain this association.

To our knowledge, this is the first study that reports on the kinet-

ics of platelet counts after TAVI according to the type of valve

implanted. Thrombocytopenia after TAVI has been described after

SEV13,22 and BEV11,15,19 with higher 30-day mortality rate, prolonged

intensive care unit stay, and higher rates of major vascular complica-

tions, life-threatening bleeding, sepsis, and acute kidney injury. How-

ever, patients included in the previous studies were treated mostly

with one type of valve, and therefore, comparisons between the types

of prosthesis were not possible.

Possible explanations for a higher DPC in BEV could remain on

the procedure itself rather than on the valve properties. The use of

larger sheaths, predilatation, surgical cut-down for the femoral access

and a higher rate of general anesthesia among the BEV patients could

play an important role in this regard.23 In our study, these factors were

not significant in the multivariable analysis, but this might be due to

the limited number of patients analyzed.

Other causes of DPC after TAVI that are not related to the valve

prosthesis have also been suggested. The use of iodinated contrast

agents has been proposed as a possible etiologic factor. Chemical

properties of the contrast medium, immunoallergic reaction or genetic

predisposition are some of the mentioned hypotheses to understand

this relation in different publications.13,24 However, we found lower

use of contrast amount in patients developing higher DPC. This was

probably due to higher use of contrast during the SEVs implantation.

Our study results are in agreement with previous studies and

show an association between significant DPC after TAVI, sepsis,

bleeding, and worse survival.12 Development of thrombocytopenia

during sepsis involves many factors. Activation and consumption of

platelets is the main reported mechanism of peripheral thrombocyto-

penia during sepsis; however, other factors not directly related to

TABLE 4 Multivariable analysis of factors associated with DPC

Odds ratio
P value(95% Conf. Interval)

Balloon-expandable valve 3.39 (1.36–8.42) 0.01

Body mass index (kg/m2) 0.96 (0.89-1.02) 0.23

Non-transfemoral access 1.65 (0.51-5.42) 0.40

Contrast amount (mL) 1.00 (0.99-1.00) 0.77

Valve size 23 mm 2.37 (0.12-45.79) 0.56

Predilatation 0.47 (0.34-2.14) 0.73

Procedural success 1.32 (0.20-8.83) 0.77

Life-threatening or major bleeding 2.68 (0.76-9.45) 0.12

Major vascular complications 3.17 (0.66-15.14) 0.15

TABLE 5 30-day outcomes of patients with high DPC post-TAVI

Total DPC ≤ 30% DPC > 30%
P value(N = 195) (N = 95) (N = 100)

Life-threatening/major bleeding 29(14.9%) 7(7.4%) 22(22%) 0.004

Major vascular complication 15(7.7%) 3(3.2%) 12(12%) 0.032

Minor vascular complication 28(14.4%) 16(16.8%) 12(12%) 0.335

Mean transfused RBCs units 0.930 � 1.88 0.446 � 1.15 1.41 � 2.3 0.003

Acute kidney injury (AKIN 2/3) 16(8.2%) 6(6.3%) 10(10%) 0.349

Stroke/TIA 4(2.1%) 2(2.1%) 2(2%) 0.513

Myocardial infarction 1(0.5%) 0(0%) 1(1%) 0.316

Pacemaker implantation 30 (15.4%) 14(14.7%) 16(16%) 0.807

Sepsis 19(9.7%) 4(4.2%) 15(15%) 0.011

Mortality 6(3.1%) 0(0%) 6(6%) 0.015

Values are absolute and percentages or mean � SD or. AKIN, acute kidney injury; DPC, drop platelet count; RBC, red blood cells; TIA, transient ischemic
attack.

FIGURE 3 Kaplan–Meier one-year survival curves after TAVI

according the percentage of drop platelet count (DPC) [Color figure

can be viewed at wileyonlinelibrary.com]
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inflammation, like hemodilution, may lower the platelet count in this

setting.25 In fact, in our report, both groups developed hematocrit

drop after TAVI. Although thrombocytopenia can directly increase

bleeding events, the effect of a high DPC can be a consequence of

rapid platelet consumption during several adverse events including

vascular complications and bleeding and can be viewed as marker of

systemic inflammatory response after TAVI.12,26

Larger and prospective studies addressing the differences in DPC

between different valves are needed to confirm a possible prosthesis

factor involved in this phenomenon. In the meantime, a closer follow-

up in patients with DPC > 30% should be recommended.

4.1 | Limitations

The limited number of patients and the observational and retrospec-

tive nature of the analysis limit the conclusions to be only hypothesis

generating and needs to be interpreted with caution. Also, several

baseline and procedural factors might be confounding and cannot be

ruled out as a cause of platelet decrease. Events have been adjudi-

cated by each center investigator´s. Therefore, a certain degree of

underreporting of events cannot be completely ruled out. In addition,

no platelet activation, inflammation or hemolysis parameters were

systematically measured. No patient underwent PF4 antibodies detec-

tion since there were no clinical suspicions of HIT by their treating

physicians. However, previous reports suggest that HIT has little role

in post-TAVI thrombocytopenia particularly in patients with early

DPC after TAVI.11,12,19

5 | CONCLUSIONS

In this study, the use of BEV valves was associated with a higher risk

of DPC after TAVI. However, several factors might play a role as con-

founders. A DPC >30% was associated with an increased risk of major

vascular complications, major/life-threatening bleedings, sepsis and

death 30-days after TAVI.
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Thrombocytopenia after transcatheter aortic valve implantation (TAVI) is common and
has been related to worse clinical outcomes. Comparison of platelet kinetics among differ-
ent types of valves is limited. Our objectives were to analyze the differences in drop plate-
let count (DPC) between balloon-expandable valves (BEVs) and self-expanding valves and
their prognostic implications after TAVI. Patients who underwent transfemoral TAVI
from 2008 to 2016 were included. Exclusion criteria were severe baseline thrombocytope-
nia and periprocedural death. Postprocedural platelet counts were collected. Two groups
were created: DPC ≤30 and DPC >30%. Valve Academic Research Consortium-2 criteria
were used to define outcomes. Study population included 609 patients (age 84.7 § 6.0,
46.6% males). The mean DPC was 32.5 § 13.9%. The DPC was higher in the BEV arm
(33.9 § 14.2 vs 30.7 § 13.4%, p = 0.006), and the nadir was reached later in comparison to
the self-expanding valve arm (3.0 § 1.3 vs 2.5 § 1.1 days, p <0.001). After multivariable
analysis, the use of BEV, known coronary artery disease, and left ventricle ejection frac-
tion were the factors associated with a higher rate of DPC >30%. At 30 days, the DPC
>30% was related with a higher rate of life-threatening and/or major bleeding (6.8 vs
2.1%, p = 0.009) and death (3.5 vs 0.8%, p = 0.036). At 1 year, the difference in mortality
disappeared. In conclusion, in this cohort of patients, the use of BEV seems to be associ-
ated with a higher risk of DPC after TAVI. A DPC ≥30% was related with increased risk
of life-threatening and/or major bleeding and death at 30 days. Larger and prospective
studies are needed to understand this phenomenon. © 2019 Published by Elsevier Inc.
(Am J Cardiol 2019;123:1120−1126)

Transcatheter aortic valve implantation (TAVI) has
become the standard of care of inoperable, high, and selected
intermediate-risk patients with symptomatic aortic stenosis.1−4

However, there are still challenges to be addressed to be
able to offer this treatment to low-risk or younger population.
Minimizing periprocedural complications remains essential
because they are related to higher mortality and prolonged in-
hospital stay.5 TAVI-related thrombocytopenia is a com-
mon phenomenon and has been associated with worse

clinical outcomes.6−12 The etiology remains unknown and
seems to be multifactorial.13 The objectives of the present
study were to analyze the differences in drop platelet
counts (DPC) between balloon-expandable valves (BEVs)
or self-expanding valves (SEVs) in patients who under-
went transfemoral TAVI and the implications of a signifi-
cant DPC in clinical outcomes.

Methods

We prospectively included patients with severe aortic ste-
nosis who underwent transfemoral TAVI in our center
between January 2008 and December 2016. The patients
were considered noncandidates for surgery by the local Heart
Team. We excluded patients with baseline platelet count
<100£ 109/L, those with periprocedural death (until
72 hours after TAVI) and those in whom post-TAVI platelet
counts were not available.

The choices of vascular access, type, and size of the
valves were at discretion of the local Heart Team. Patients
were treated either with balloon-expandable Sapien, Sapien
XT, or Sapien 3 valves (Edwards Lifesciences, Irvine,
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California) or self-expanding CoreValve or Evolut R (Med-
tronic, Inc., Minneapolis, Minnesota). Because the sample
of subjects treated with other valves was small, they were
also excluded from the analysis.

Transfemoral vascular access and closure were per-
formed in standard fashion.14,15 Surgical cutdown and clo-
sure was used when the program started, but since 2012 our
technique evolved to completely percutaneous approach
using 2 Proglide vascular closure devices (Abbott Vascular,
Chicago, Illinois). Since then, we also use local anesthesia
with conscious sedation as a first-line approach. All patients
received unfractioned heparin to maintain a minimum
active clotting time >250 seconds after the insertion of the
femoral sheet. Protamine (1 mg for each 100 U of heparin,
maximal dose 50 mg) was administrated routinely at the
time of vascular closure. Aspirin was recommended before
TAVI. Dual antiplatelet therapy with aspirin 100 mg/day
and clopidogrel 75 mg/day was systematic for patients with
recent percutaneous coronary intervention and was left at
the discretion of the treating physician in the other cases.
Patients requiring oral anticoagulation received vitamin K
antagonist or novel oral anticoagulants.

Baseline characteristics, procedural data, and clinical
outcomes were collected. Laboratory analyses were per-
formed before the procedure, daily during postprocedural
intensive care unit stay, and at the physician discretion in
the cardiology ward and were retrospectively collected.
Standard follow-up included 30-day and 1-year visits after
the hospital discharge. This follow-up was performed either
on site or by telephone contact. All patients gave written
informed consent before the procedure and for the anony-
mous use of their data. The study protocol was approved
with the local ethics committee and was in accordance with
the 1975 Declaration of Helsinki. Also, our center is an
active participant in the FRANCE TAVI Registry, an initia-
tive from the French Society of Cardiology and subject to
regular data quality checks.16,17

Postprocedural events were defined according to the
Valve Academic Research Consortium-2 criteria.18 Nadir
platelet count was defined as the lowest record platelet
count during hospitalization. DPC was calculated with this
formula: [%DPC= 100 £ (baseline platelet count ¡ nadir
platelet count)/baseline platelet count.8

Continuous variables are presented as mean § standard
deviation, categorical variables as frequencies and percen-
tages. Between-group comparisons were performed using
Student’s t test for continuous variables and chi-square or
Fisher’s exact test for categorical variables, when appropri-
ate. Main effect estimates are presented with their 95% con-
fidence interval. To estimate the association between valve
type and DPC, a multivariable logistic regression analysis
was performed. The DPC was categorized into 2 groups.
The groups were determined based on the median DPC
(DPC ≤30% and DPC >30%). Variables exhibiting a p
value <0.15 in the univariable analysis were included in the
multivariable model. Kaplan-Meier method was used for
cumulative survival analysis after 1 year. To compare the
survival between patients with DPC <30% and patients
with DPC ≥30%, the log-rank test was used as appropriate.
All statistical analyses were performed with Stata Statistical
Software 10 (StataCorp, LLC, College Station, Texas).

Results

Baseline and procedural characteristics of the study pop-
ulation are summarized in Table 1. The flow chart of the
study is shown in Figure 1. During the 8-year period of the
study, 999 patients underwent TAVI. After exclusion of
390 subjects, the final population analyzed included 609
patients. The mean age of the population was 84.7§ 6 years
old and 46.6% were males. The patients treated with SEVs
had significant lower rate of peripheral vascular disease and
higher amount of contrast was used in their procedures.
There were no significant differences among the other base-
line characteristics.

Table 2 summarizes the changes in platelet count values
according to the type of valve. Figure 2 depicts the kinetics
of platelet count values according to the type of valve. All
patients, except for 6 (0.98%) had a decrease in platelet
count after the procedure. The mean DPC post-TAVI was
32.5 § 13.9%. The DPC percentage was significantly
higher in the BEV group in comparison with the SEV
group. Also, subjects treated with BEVs reached the nadir
later than the treated with SEVs.

The univariable and multivariable analyses of factors
related with a high DPC after TAVI are presented in Tables 3
and 4, respectively. In the univariable analysis, the female
gender, lower rate of known coronary artery disease, lower
Logistic EuroSCORE, higher left ventricle ejection fraction,
and the use of BEVs were related to a ≥30% of DPC. After
multivariable analysis, the factors associated with a higher
DPC were the use of BEV, known coronary artery disease,
and left ventricle ejection fraction. Fewer patients were treated
with DAPT in the DPC ≥30% group in comparison with the
DPC <30% group (90 [24.4%] vs 86 [35.8%], p = 0.002).

Thirty-day clinical outcomes are summarized in Table 5.
A high DPC was associated with higher rate of life-threat-
ening or major bleeding and mortality at 30 days. In a sub-
group of 10 patients with periprocedural death in whom the
platelet count was available, there was also a higher DPC in
comparison with the patients included in the study (19.5 §
14.5 vs 34.8% § 25.7, p <0.002). There were no significant
differences in the mortality rate between groups (10% vs
13.3%, p = 0.198) at 1-year follow-up. Kaplan-Meier sur-
vival curve at 1 year is shown in Figure 3.

Discussion

Major results are summarized as follows: (1) a decrease
in platelet count values after TAVI is a frequent finding, (2)
the implantation of a BEV was associated with a higher
DPC compared with the use of SEV, and (3) a DPC >30%
was associated with higher rates of major and life-threaten-
ing bleeding and death at 30 days after TAVI compared
with a DPC ≤30%.

Thrombocytopenia after TAVI is frequent. The average
DPC after TAVI described ranges between 34% and
38%.8−10 A decrease in platelet counts was documented
since the first CoreValve in-humans study.19 However, it
was not until 7 years later when Gallet et al reported a sys-
tematically decrease in platelet counts related to TAVI and
associated its severity with worse clinical outcomes.9

Again, only patients treated with CoreValve prostheses
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were included. In contrast, descriptions of DPC in Sapien
valves are also available.7,11,20 In fact, the largest publica-
tion so far in this topic included patients treated mostly
with BEV (>96%).8 Our study includes a comparable

proportion of each type of valve and suggests that patients
treated with BEV develop higher DPC.

The etiology of DPC after TAVI is complex and multi-
factorial. TAVI patients develop a higher DPC than patients
who are treated with isolated aortic valvuloplasty.20 In this
regard, BEV valves were related to higher DPC could raise
the question about a prosthesis factor, as previously sug-
gested in another study.12 Perhaps, the differences in the
design of the prothesis, the smaller diameter of valves used
in the BEV group or a more stressful implantation tech-
nique leading to endothelial damage and shear stress modi-
fication, could be hypothesized as possible explanations.21

Recently, malpositioning of the valve has been suggested
as a strong predictor of DPC after TAVI, supporting the
study of shear stress in its pathophysiology.10

Table 1

Baseline and procedural characteristics of the study population according to the type of the implanted valve

Total BEV SEV

Variable (n = 609) (n = 349) (n = 260) p Value

Age (years) 84.7§ 6.0 84.7 § 6.0 84.6 § 6.1 0.929

Men 284 (46.6%) 162 (46.4%) 122 (46.9%) 0.902

Body mass index (kg/m2) 26.0 § 5.2 26.0 + 5.1 26.1 § 5.3 0.823

Hypertension 414 (68.0%) 244 (69.9%) 170 (65.4%) 0.236

Diabetes mellitus 168 (27.6%) 98 (28.1%) 70 (26.9%) 0.752

Atrial fibrillation on admission ECG 199 (33.1%) 111 (32.5%) 88 (34.0%) 0.695

Peripheral vascular disease 46 (7.6%) 33 (9.5%) 13 (5.0%) 0.040

Previous stroke or TIA 65 (10.7%) 33 (9.5%) 32 (12.3%) 0.260

Previous percutaneous coronary intervention 193 (31.7%) 116 (33.2%) 77 (29.6%) 0.342

Previous coronary artery bypass grafting 60 (9.9%) 29 (8.3%) 31 (11.9%) 0.139

Known coronary artery disease 273 (44.8%) 161 (46.1%) 112 (43.1%) 0.453

Baseline Creatinine (mg/dl) 1.11 (0.88 - 1.38) 1.11 (0.86 - 1.38) 1.09 (0.89 - 1.39) 0.943

STS-PROM score (%) 7.1 § 3.8 7.4 § 4.0 6.7 § 3.5 0.051

Logistic EuroSCORE 1 (%) 19.1 § 10.0 19.1 § 9.7 19.1 § 10.5 0.984

Left ventricular ejection fraction (%) 51.5 § 14.75 50.7 § 14.8 52.5 § 14.5 0.150

Mean transaortic gradient (mm Hg) 44.0 § 15.8 43.1 § 15.6 45.2 § 16.1 0.128

AVA (cm2) 0.74§ 0.24 0.74 § 0.23 0.74 § 0.26 0.979

Procedural characteristics

Procedural success 603 (99.0%) 346 (99.1%) 257 (98.9%) 0.716

Valve size (mm) <0.001
<26 161 (26.4%) 146 (41.8%) 15 (5.8%)

26 261 (42.9%) 157 (45.0%) 104 (40.0%)

29 154(25.3%) 46 (13.2%) 108 (41.5%)

31 33 (5.4%) 0 (0.0%) 33 (12.7%)

General anesthesia 209 (34.4%) 134 (38.5%) 75 (29%) 0.014

Contrast volume (ml) 166 § 58 153 § 51 185 § 61 <0.001

AVA = aortic valve area; BEV = balloon-expandable valves; SEV = self-expanding valves; STS-PROM= Society of Thoracic Surgeons Predicted Risk of

Mortality.

Values are mean § standard deviation (or median [interquartile range for baseline creatinine] or absolute numbers and percentages).

Figure 1. Study flowchart. From 2008 to 2016, 999 patients were treated

with TAVI. After exclusion of 390 patients, a total of 601 patients were

finally included in the analysis.

Table 2

Periprocedural platelet count values according to the type of the implanted

valve

BEV SEV

Variable (n = 349) (n = 260) p Value

Platelet count at baseline (109/L) 224 § 62 222 § 69 0.677

Platelet count nadir (109/L) 146 § 47 153 § 51 0.102

Days to nadir 3 (2-4) 2 (2-3) <0.001
Drop platelet count (%) 33.9 § 14.2 30.7 § 13.4 0.006

BEV = balloon-expandable valves; SEV = self-expanding valves.

Values are mean§ standard deviation and median (interquartile range).
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The possible causes could remain on the procedure itself
rather than on the valve properties. The use of larger
sheaths for vascular access in the BEVs could play an
important factor related to higher DPC. Also, general

anesthesia has been related to a more severe platelet count
decrease after TAVI.10 However, we did not find significant
differences in DPC in patients treated with general anesthe-
sia. This could be explained due to a higher use of local

Figure 2. Differences of the kinetics of drop platelet count (DPC) between the balloon-expandable valve (BEV) and self-expanding valve (SEV) groups.

Table 3

Univariable analysis of factors related to high DPC

Total DPC <30% DPC ≥30%
Variable (n = 609) (n = 240) (n = 369) p Value

Age (years) 84.7 § 6.0 83.9 § 6.5 85.1 § 5.7 0.016

Men 284 (46.6%) 128 (53.3%) 156 (42.3%) 0.008

Body mass index (kg/m2) 26.0§ 5.2 26.1 § 5.1 26.0 § 5.2 0.900

Hypertension 414 (68.0%) 158 (65.8%) 256 (69.4%) 0.360

Diabetes mellitus 168 (27.6%) 71 (29.6%) 97 (26.3%) 0.374

Atrial fibrillation 199 (33.1%) 77 (32.8%) 122 (33.3%) 0.885

Baseline creatinine (mg/dl) 1.11 (0.88 - 1.38) 1.09 (0.88 - 1.38) 1.11 (0.87 - 1.39) 0.885

Previous stroke 65 (10.7%) 29 (12.1%) 36 (9.8%) 0.363

Known coronary artery disease 273 (44.8%) 124 (51.7%) 149 (40.4%) 0.006

STS-PROM score (%) 7.1 § 3.8 7.0 § 3.7 7.2 § 3.9 0.666

Logistic EuroSCORE 1 (%) 19.1 § 10.0 20.1 § 10.3 18.4 § 9.8 0.041

Left ventricular ejection fraction (%) 51.5 § 14.7 48.5 § 15.1 53.4 § 14.1 <0.001
Mean transaortic gradient (mm Hg) 44.0 § 15.8 43.5 § 16.6 44.4 § 15.3 0.523

AVA (cm2) 0.74§ 0.24 0.74 § 0.21 0.75 § 0.26 0.707

Procedural characteristics

Balloon-expandable prosthesis 349 (57.3%) 122 (50.8%) 227 (61.5%) 0.009

Procedural success 603 (99.0%) 238 (99.2%) 365 (98.9%) 0.760

General anesthesia 209 (34.4%) 92 (38.3%) 117 (31.9%) 0.102

Contrast volume (ml) 166 § 58 164 § 59 168 § 58 0.423

AVA = aortic valve area; BEV = balloon-expandable valves; SEV = self-expanding valves; STS-PROM= Society of Thoracic Surgeons Predicted Risk of

Mortality.

Values are mean § standard deviation (or median [Interquartile range for baseline creatinine] or absolute numbers and percentages).
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anesthesia in our population. The use of conscious sedation
and local anesthesia seems to be equally safe and has been
related to lower procedural times and shorter in-hospital
stay.22,23

The use of iodinated contrast agents has been pro-
posed as another possible etiologic factor.9 Their chemi-
cal properties, an immunoallergic reaction or genetic
predisposition, are some of the probable explanations to
understand this relation. In our study, we used higher
amount of contrast in the SEVs group. This might be due
to a higher need of aortographies to obtain a good posi-
tion of a repositionable valve, especially if no echocar-
diographic guidance is performed. However, when we
compared the groups according to the DPC we did not
find differences according to the amount of contrast

administrated. Also, we cannot exclude that patients
treated with dual antiplatelet treatment and coronary dis-
ease were also older and had more endothelial dysfunc-
tion that could play a role in thrombocytopenia.

In terms of outcomes, previous reports found a higher
30-day mortality rate, prolonged ICU stay, and higher rates
of major vascular complications, life-threatening bleeding,
sepsis, acute kidney injury and multiple blood transfusions
in patients developing severe thrombocytopenia.7−11 Our
results agree with them and show an association between
significant DPC after TAVI and major and/or life-threaten-
ing bleeding and mortality at 30 days. Although thrombocy-
topenia can directly increase bleeding events, the effect of a
high DPC can be a consequence of a rapid platelet con-
sumption during several adverse events including vascular
complications and bleeding, and can be viewed as a marker
of systemic inflammatory response after TAVI.8,24 In fact,
an elevation of inflammatory markers such as C-reactive
protein, interleukin-6, S100A8/A9 and leucocytes has been
previously described.25,26

Finally, the routine follow-up of platelet counts after
TAVI seems to be an easy and cheap marker of risk and
should continue to be part of the postprocedural care. Also, a
relation between low platelet counts at discharge and possible

Table 4

Multivariable analysis of factors associated with DPC

Odds ratio

Variable (95% conf. interval) p Value

Balloon-expandable valve 1.72 (1.23-2.42) 0.002

Known coronary artery disease 0.69 (0.49-0.97) 0.031

Left ventricular ejection fraction (%) 1.02 (1.01-1.04) <0.001

Table 5

Thirty-day outcomes of patients with high DPC after TAVI

Total DPC <30% DPC ≥30%
Variable (n = 609) (n = 240) (n = 369) p Value

Myocardial infarction 3 (0.5%) 1 (0.4%) 2 (0.5%) 1.000

Life-threatening/major bleeding 30 (4.9%) 5 (2.1%) 25 (6.8%) 0.009

Major vascular complication 33 (5.4%) 11 (4.6%) 22 (6.0%) 0.463

Acute Kidney injury (AKIN 2/3) 28 (4.9%) 8 (3.6%) 20 (5.6%) 0.276

Stroke 21 (3.5%) 6 (2.5%) 15 (4.1%) 0.301

Mortality 15 (2.5%) 2 (0.8%) 13 (3.5%) 0.036

AKIN = acute kidney injury; DPC = drop platelet count; TIA = transient ischemic attack.

Values are absolute numbers and percentages.

Figure 3. Kaplan-Meier 1-year survival curves after TAVI according to the percentage of drop platelet count (DPC).
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leaflet thrombosis has been recently described.27 Larger and
prospective studies including imaging, inflammatory, and
hemostasis biomarkers are needed to fully understand the eti-
ology and consequences of this phenomenon.

All the inherent limitations of an observational and ret-
rospective study apply for this study. No platelet activation,
inflammation, or hemolysis parameters were systematically
measured. The rate of heparin-induced thrombocytopenia is
not reported. Nevertheless, the reported incidence of this
complication is <0.5%.28 Specific data of malpositioning or
leaflet thrombosis were not collected.

In conclusion, the use of BEV seems to be associated
with a higher risk of DPC after TAVI. A DPC ≥30% was
related with increased risk of life-threatening and/or major
bleeding and death at 30 days.
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 DISCUSSION 

Transcatheter Aortic Valve Implantation marked a revolution in the treatment of valvular 

heart disease. However, vascular and bleeding complications are still common and remain 

as important factors that could worsen clinical outcomes.  

Outcomes related to the vascular access technique 

The first study described the clinical outcomes regarding the technique used to obtain 

femoral access in 41 Spanish centers and 2,546 patients, one of the largest reported in the 

literature73. A propensity-matched comparison between puncture and surgical-cut-down 

of 615 pairs resulted in the following major findings: Complete percutaneous approach 

of the femoral artery was associated with higher incidence of minor VCs but lower 

incidence of major bleeding rates than the surgical  approach73.  

Initially, surgical cut-down and closure was the standard approach for TAVI access. The 

improvement in transcatheter valve technology, size reduction of vascular sheaths, 

development of vascular closure devices and even more important, the refinement of the 

operators’ experience permitted a fast evolution to the current full percutaneous 

procedure. The simpler and less invasive nature of this approach resulted very attractive 

and was rapidly integrated to the standard clinical practice. In fact, surgical cut-down 

access is only currently used in selected patients at high-risk of VCs or by interventional 

teams with limited or initial TAVI experience.  

The fast accession to the percutaneous technique and the improvement of clinical 

outcomes did not allow the opportunity to run randomized trials evaluating the outcomes 

related to the technique used for transfemoral access. In fact, the only randomized study 

performed included only 30 patients treated with the Sapien valve. Feasibility and safety 

of the percutaneous technique was suggested since there were no significant differences 

in access-related complications74. However, the small population analyzed, limited the 

value of this report. 
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 Consequently, the data available about this subject is mainly based in observational 

studies and registries. Nakamura et al75 , in 274 patients study, described a potential for 

percutaneous technique of lowering access-site infections (0.7% vs. 7.1%, p=0.007), 

minor bleeding (27.1% vs. 38.8%) and shortening the length of hospital stay (3 vs. 4 days, 

p=0.002) in comparison to surgical access. Both groups maintained similar rates of major 

VCs. In accordance to our results, they found lower rates of minor VCs such as 

stenosis/dissection in the percutaneous arm (7.1% vs. 0.7%, p=0.007) and higher rates of 

RBC transfusions (43.3% vs. 25.7%, p=0.002) in the surgical group. Several factors could 

facilitate the transfusion in the surgical cut-down patients. The existence of an open 

wound and evident bleeding might lower the threshold for RBC transfusion. Moreover, 

both studies evaluated population treated at earlier stages of TAVI procedures, with larger 

sheaths and lower clinical experience. Since RBC transfusion per se has been linked to 

worst outcomes, current practice tends to be more restraining with the indication of 

transfusions60. 

In another single-center study of 331 patients, Kadakia et al76 reported similar risk of 

vascular complications between both approaches (22% vs. 19%, p=0.73), but lower 

postprocedural length of stay in the puncture group (7.9 vs. 10.0 days, p=0.04) after 

propensity matching analysis of 112 pairs. The less invasive nature of the full 

percutaneous access allows early mobilization of patients, which is essential in this 

usually old and comorbid population. This has permitted earlier discharge of patients that 

has been recently validated and some centers even discharging selected low-risk subjects 

the next-day after TAVI77,78. We did not find differences in the length of stay between 

both groups. Again, the earlier stages of TAVI procedures and differences in volume and 

clinical experience between the participant institutions could play a role in this issue. 

Other National registries including the Brazilian, the Japanese and recently the Polish 
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have addressed the differences in outcomes regarding the technique used to obtain 

transfemoral vascular access.   

The Brazilian study reported data of 402 patients in 18 centers. They did not find 

significant differences in the primary endpoint (combination of all-cause death, life-

threatening bleeding and major VCs) at 30-days (17.6% vs. 16.3%, p=0.8) and 1-year 

(30.9% vs. 28.8%, p=0.8) between surgical and percutaneous techniques, respectively79. 

Later, the Japanese colleagues from the Optimized CathEter vAlvular iNtervention 

(OCEAN-TAVI) Registry reported more evidence supporting the evolution to 

percutaneous approach80.  From a total of 586 transfemoral procedures, a propensity score 

resulted in 166 well-matched pairs. They described a lesser rate of major VCs (15.1% vs. 

27.1%, p<0.01), major bleeding (7.2% vs. 16.9%, p=0.01) and less requirement of RBC 

transfusions (21.1% vs. 38.0%, p<0.01) in the puncture group when compared with the 

cut-down group. A significant reduction of procedural time, ICU-stay and in-hospital stay 

was evidenced in the percutaneous arm. These results were in strong accordance with our 

previous published data. Since this was the second propensity-matched study regarding 

this subject, our group published a letter to the editor in the Eurointervention journal 

supporting the superiority of the percutaneous technique compared to the surgical cut-

down81.  

The Polish Registry was published later. From a total of 683 patients undergoing 

transfemoral TAVI, propensity-matched cohorts resulted in 203 pairs. They found similar 

risk of bleeding and major VCs between both access techniques. Age, preprocedural 

hemoglobin and baseline estimated glomerular filtration rate <30mL/min were 

independent predictors of major/life-threatening bleeding. Diabetes was the only 

independent predictor for major VCs82. 

In contrast, experience reported by surgeons showed lesser promising results. In a single-
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center study of 334 high-risk patients, Spitzer et al83 found higher rates of bleeding 

complications (18.1% vs. 4.4%, p=0.029) and a trend towards  higher mortality (3.5% vs. 

1.5%, p=0.088) in comparison to surgical cut-down. In addition, they did not find 

differences in length of stay either.  

Currently, there is only one meta-analysis regarding this subject. They included one 

randomized and 8 observational studies.  They found similar rates of major and minor 

VCs, bleeding rates, need for surgical repair, and perioperative mortality between the two 

approaches84.  

Today, the vast majority of the transfemoral TAVIs are performed using the completely 

percutaneous technique. Current use of surgical cut-down and closure is limited to 

selected patients at high-risk for VCs. Also, the refinement of the technique and 

improvement of outcomes involving non-transfemoral approaches like transaortic, 

transcarotid or transcaval access has opened other options for these high-risk patients in 

whom transfemoral approach is considered prohibitive.      

Importantly, we cannot forget the strengths of the surgical cut-down and closure, a 

controlled and safe access to the puncture site. It is particularly useful in severely tortuous 

and calcified arteries and should be an available option when the Heart Team considers 

the femoral anatomy not suitable for percutaneous puncture. For example, in smaller 

caliber vessels at risk for injury or rupture or in severely obese patients, the surgical 

approach remains as a valuable alternative providing excellent control of the vascular 

access. Factors associated with conversion from percutaneous to surgical approach have 

been described in population undergoing endovascular aneurysm repair: learning curve, 

female gender, calcified arteries, morbid obesity and larger sheaths85,86. Special caution 

needs to be provided when one of more of these factors are present. 

Even when percutaneous approach remains the most desirable option, surgical cut-down 
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should be still considered a complementary technique and the interventional teams should 

be familiarized with it. 

TAVI related thrombocytopenia 

Two studies analyzing the kinetics of platelet count after TAVI and its implication in 

clinical outcomes were performed.  

The first one was a collaboration between two Spanish centers. The major findings of this 

study were: 1) TAVI was associated with a significant drop of the platelet count (DPC), 

which reached nadir levels 3 days after the procedure, 2) The use of  BEVs was 

independently associated with a higher DPC after TAVI and 3) a DPC>30% was related 

with an increased risk of major VCs, major/life-threatening bleedings, sepsis and death at 

30-days follow-up87. 

Later, we conducted a similar study with larger population in a French TAVI high-volume 

center. The main findings of this study were: 1) A DPC after TAVI is a frequent finding, 

2) the implantation of  BEVs associated with a higher DPC when compared with the use 

of SEVs and 3) a DPC>30% was associated with a higher rate of major/life-threatening 

bleedings and death at 30-days follow-up88. 

TAVI related thrombocytopenia is a common finding. The average DPC is about 40%, 

ranging from 34% to 45%63,64,66,67. In our studies, the mean DPC were 31.9%±15.3% and 

32.5%±13.9%, respectively. These results are in accordance to previous reports. 

Importantly, our studies are the first to compare the kinetics of DPC according to the type 

of valve implanted.  
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Etiology of DPC after TAVI 

Although several causes have been proposed, the etiology remains to be elucidated and 

seems to be complex and multifactorial. Initially, causes like enhanced platelet turnover, 

low platelet production and hemodilution by frequent RBC transfusions were 

proposed64,89.  

 

Figure 17.  Possible causes of TAVI related thrombocytopenia. Modified from 

Mitrosz et al89. 

Taking in consideration the results of our two studies, a prosthesis factor could be 

suggested since we found an association of the use of BEVs and higher DPC. Mc Cabe90 

et al described that patients with aortic stenosis undergoing TAVI developed higher DPC 

than patients with isolated aortic valvuloplasty. Also, the differences in prosthesis design, 

the smaller size of BEVs implanted and a more stressful implantation technique used in 

the BEVs are issues that support the fact that endothelial damage and shear stress 
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modification could play a role in this association with higher DPC. In fact, malpositioning 

of the valve, another factor related to high shear stress has been recently identified as an 

important predictor of DPC after TAVI91.  Moreover, shear-induced platelet activation 

and aggregation during TAVI could be influenced by post-procedural recovery of high 

molecular weight multimers of Von Willebrand factor (vWF), the major circulating 

molecule regulating platelet aggregation and adhesion, might lead to platelet clumping 

and a DPC92.  

The possible etiology of post-TAVI thrombocytopenia could remain on the procedure 

itself rather than the valve properties. Current TAVI procedures with latest-generation 

valves are performed with smaller delivery systems and greater operator experience with 

a reduction in procedural times, contrast volume and lower rates of predilatation93. The 

largest sheaths for vascular access used in the BEV population could have some 

implication in this relation with higher DPC.  

General anesthesia has been related to a more severe platelet decrease after TAVI91,94. 

However, we did not find significant differences of DPC according the anesthesia used 

in both studies. In the first one, this might be due to the low number of patients included 

and because of the high proportion of patients treated with general anesthesia since both 

centers were in an earlier stage of TAVI experience. On the contrary, in the second study 

with larger population, there were more than 70% of subjects treated with local anesthesia 

and conscious sedation. 

The use of higher volume of iodinated contrast have been proposed as another possible 

cause due to its chemical properties, genetic predisposition or an immunoallergic 

reaction67. Nevertheless, we did not find any relation between DPC and the volume of 

contrast administrated in both studies. The SEVs required more contrast injections to 

obtain a proper position of the valve before deployment due to the repositionable nature 
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of these valves. 

Another important cause is the rapid platelet consumption related to the procedure itself 

and increased with several adverse events like VCs, bleeding or sepsis. In this setting, 

DPC can be viewed as a marker of systemic inflammatory response after TAVI.  

Furthermore, post-TAVI elevation of inflammatory biomarkers such as C-reactive 

protein, interleukin-6, S100A8/A9 and white blood cells has been previously 

reported63,95. Interestingly, a recent study showed that the use of newer-generation valves, 

especially Sapien 3 was related to a lesser inflammatory response measured with 

leucocytes and interleukin-694. 

Antithrombotic treatment and platelet count after TAVI 

The antithrombotic strategy in patients treated with TAVI is an issue that might have an 

implication in platelet counts peri-procedurally. Current recommendations of 

acetilsalicilic acid and a second P2Y12 inhibitor for 3 to 6-months and monotherapy with 

aspirin thereafter are empirically designated5. Notably, a recent study showed that 

patients who received a preprocedural P2Y12 inhibition before TAVI were less likely to 

have a DPC after TAVI92. In agreement with this, in our second study, fewer patients 

were treated with DAPT in the DPC≥30% group in comparison with the DPC<30 group 

(24.4% vs. 35.8%, p=0.002), suggesting a protective effect of P2Y12 inhibition. An in-

vitro study reported that combinations of antagonists of the ADP receptors P2Y12 

and P2Y1 are effective inhibitors of direct shear-induced platelet aggregation and of 

platelet aggregation96. On the other hand, studies like the ARTE trial and some large 

meta-analyses, suggest a reduction of major/life threatening bleedings while not 

increasing the risk of thrombotic events like myocardial infarction or stroke with single 

antiplatelet therapy with aspirine49,97,98. In the same line, studies analyzing platelet 

reactivity after TAVI have shown an association between low platelet reactivity with 
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bleeding events without an increase in major complications with high platelet reactivity, 

suggesting low platelet reactivity as a predictor of early outcome after TAVI99. 

There are several ongoing trials evaluating different antithrombotic regimens including 

novel oral anticoagulants that will bring more information to improve the evidence in this 

topic. There is an unmet need for bleeding risk prediction models to improve selection of 

the appropriate antithrombotic therapy according to individual risk rather than a 

standardized treatment for all TAVI population.  

Clinical Outcomes of TAVI related thrombocytopenia 

Although thrombocytopenia has been described after several cardiovascular procedures 

such as percutaneous coronary intervention and cardiac surgery, no clinical implications 

have been related with them100,101. However, severe TAVI related thrombocytopenia has 

been related to higher 30-day mortality, prolonged intensive care unit and in-hospital stay, 

higher rates of vascular complications, major bleeding, sepsis, renal failure and multiple 

blood transfusions62,64,66,67,91. Our studies agree with these data since we found a greater 

frequency of death, major/life threatening bleeding, major vascular complications and 

requirement of RBC transfusions in patients developing DPC>30%. Also, a relation 

between low platelet counts at discharge and hypo attenuated leaflet thickening (HALT) 

have been described102. Unfortunately, we don’t have imaging follow-up in our studies.  

The implementation of biomarkers might improve risk stratification, with further 

reduction in poor outcomes. Several blood biomarkers have been identified for predicting 

poor outcomes after TAVI. These markers can be divided into : markers of myocardial 

injury,  myocardial stretching, inflammation and  hemostasis inbalance103. Of them, the 

measure of B-Type Natriuretic Peptides, the Creatine Kinase Myocardial Brand, Cardiac 

troponin and platelet count are available broadly in the standard clinical practice. All of 

them seem to be easy and cheap markers of risk and should continue to be an important 
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part of the post-procedural care.  

 

Figure 18. Contemporary biomarkers studied in TAVI patients. Modified from Oury 

et al103. 

 

Limitations 

Limitations from our work should be acknowledged. All the inherent limitations of 

observational and retrospective studies apply for our analyses. Events have been 

adjudicated by each center investigator´s and there might be a certain degree of 

underreporting. 

In the first subproject, even when the National TAVI Registry includes data about 80% 

of the valves implanted in Spain, the participation is voluntary. Unfortunately, important 

data about size, tortuosity and calcification of the femoral arteries or sheaths type and size 
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were irregularly reported in the Registry since there were not mandatory fields. Selection 

bias cannot be ruled out since interventions and vascular access were determined 

according each center criteria. Finally, specific data of vascular closure devices and anti-

thrombotic regimen is missing.  

In the second subproject, no platelet activation, inflammation or hemolysis parameters 

were systematically measured. The rate of heparin induced thrombocytopenia is missing. 

However, this complication´s incidence is very low (0,5%)104. Specific data of valve 

malpositioning or leaflet thrombosis were not collected. Only patients treated with Sapien 

and Corevalve prosthesis in their different generations were analyzed.  

Larger and prospective studies analyzing patients treated with newer-generation valves, 

smaller delivery technology and contemporary operators experience and including 

imaging, inflammatory and hemostasis biomarkers would be desirable to expand our 

knowledge about post-TAVI thrombocytopenia. 
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 CONCLUSIONS 

 

1. The reduction and early recognition of vascular and bleeding complications is 

associated to an improvement in clinical outcomes in patients treated with TAVI. 

2. The completely percutaneous approach of transfemoral TAVI yielded lower rate 

of major bleedings and higher rate of minor vascular complications in comparison 

to the surgical cut-down and closure. 

3. A post-procedural drop in platelet counts >30% is related with worse clinical 

outcomes at 30-days after TAVI. 

4. The use of balloon-expandable valves seems to be associated with a higher risk of 

drop on platelet counts after TAVI. 
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have implanted in the patient by visually inspecting the 
printed models of the aortic root and the different prosthesis 
sizes. He chose the 23 mm size—which was indeed the one 
that was implanted—evaluating as well how the prosthesis 
relation to the valvular plane and to the origin of the coro-
nary arteries (Fig. 1).

The impression of a three-dimensional TAVI model is 
feasible and may have numerous clinical applications. The 
simulation of the procedure would probably decrease the 
procedural time and could anticipate anatomic difficulties or 
complications [1, 2]. Printed models can help to choose not 
only the size of the prosthesis but also the type of prosthesis. 
In our case, the printed models were used in a simulation of 
the procedure to choose the correct size of the valve in rela-
tion to the possible occurrence of PVL´s.

An 86-year-old male underwent successful TAVI. An 
Edwards-Sapien XT 23 mm (Edwards Lifesciences, Irvine, 
CA, USA) prosthesis was selected according to the aortic 
annulus measure from the echo (21 mm) and the CT Angi-
ography (CTA) scan (17.1 × 26.8 mm). A minimum paraval-
vular leak (PVL) was detected in the post-procedural echo. 
The CTA was performed using a 64-slice scanner (Sensation 
64, Siemens Medical Solutions; Forchheim. Germany). 3D 
Slicer (http://www.slicer.org), was used to perform the seg-
mentation and 3D reconstruction of the CTA. An Edwards-
Sapien XT prosthesis library was created using SolidWorks 
(Solidworks Corp. Concord, MA, USA). Finally, a Wit-
box-2 3D printer (bq, Madrid, Spain) was used to print both 
the prosthesis library and the 3D model of the aortic root. 
An interventional cardiologist, who was unaware of the pro-
cedural details, was asked to select the prosthesis he would 
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Fig. 1  a Visualization of the CTA image obtained, loaded in DICOM 
format; b 3D surface model created from the aortic root segmenta-
tion. The aortic wall and valve are depicted in red color whereas 

calcifications are shown in yellow; c fitting the different Edwards 
SAPIEN XT prosthesis (23, 26 and 29 mm) into the segmented aorta; 
d printed 3D model of the aortic arch
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IMAGES IN INTERVENTION

Use of an Arteriovenous Loop to
Facilitate Transcatheter Aortic
Valve Alignment in a Patient With
Giant Ascending Aortic Aneurysm
Marco Hernández-Enríquez, MD,a,b Gustavo Jiménez-Brítez, MD, PHD,a,b Nelson Leal-Bohorquez, MD,a

Joel Salazar-Mendiguchía, MD,a Salvatore Brugaletta, MD, PHD,b Ander Regueiro, MD,a,b Xavier Freixa, MD, PHDa,b

A n 81-year-old man with severe aortic stenosis
was evaluated after his sixth admission for
congestive heart failure in 6 months. The pa-

tient was initially turned down for surgery because of
multiple comorbidities (previous disabling stroke,
diabetes, and chronic pulmonary disease) and the
presence of a giant aneurysm in the ascending
aorta (95 � 89 mm) (Figure 1A). After the patient
was rejected again for surgery, transcatheter
aortic valve replacement (TAVR) was considered.

Echocardiography showed severe aortic stenosis
(aortic valve area 0.9 cm, mean gradient 41 mm Hg)
and preserved systolic function. Coronary disease
was ruled out. An arteriovenous (AV) loop was
deemed necessary to facilitate valve crossing and
improve valve alignment during deployment. Trans-
femoral TAVR was performed under general anes-
thesia. A 20-F sheath was inserted in the femoral
artery. After transseptal puncture, a 5-F AL-1 catheter
and a 300-cm hydrophilic wire were used to cross the

FIGURE 1 Computed Tomographic Scan Before and After Transcatheter Aortic Valve Replacement

(A) Severely calcified valve and giant aortic aneurysm (95 � 89 mm). (B) Proper valve position at 30 days after transcatheter aortic valve

replacement.
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valve. The hydrophilic wire was snared in the
descending aorta and externalized through the
femoral artery to create an AV loop. Subsequently, a
34-mm Evolut R valve (Medtronic, Minneapolis, Min-
nesota) was advanced. To obtain perpendicular align-
ment to the annular plane, controlled wire tension
from the AV loop was applied. Once the delivery cath-
eter was properly oriented, steady wire tension was
maintained while deploying the valve (Figure 2,
Online Video 1). A mild posterior paravalvular leak
was present at the end of the procedure. The patient
was discharged without congestive heart failure and
with normal valve function (mean gradient
5 mm Hg). A computed tomographic scan confirmed
proper position of the valve without any damage of
the aneurysm at 30 days (Figure 1B). At 3-month
follow-up, the patient remained free from congestive
heart failure admissions.

TAVR in patients with severe ascending aortic
dilatation can be challenging. In the present case, the
use of an AV loop was believed to ease valve crossing,
delivery system navigation, and valve alignment
before deployment. A self-expanding valve was cho-
sen over a balloon-expandable valve because it
allowed valve-positioning assessment before the final
liberation. Further reports are needed to evaluate the
utility of this strategy to deal with large aneurysms in
TAVR.

ADDRESS FOR CORRESPONDENCE: Dr. Marco Her-
nández-Enríquez, Cardiology Department, Hospital
General de Catalunya, C. Pedro i Pons 1, 08195 Sant
Cugat del Vallès, Barcelona, Spain. E-mail: marco.
hernandez@quironsalud.es.

KEY WORDS AV loop, giant aneurysm, TAVR, valve alignment

APPENDIX For a supplemental video, please see the online version
of this paper.

FIGURE 2 Transfemoral Transcatheter Aortic Valve Replacement Using an

Arteriovenous Loop to Facilitate Alignment

(A) Advance of an AL catheter to the left ventricle through the transseptal puncture and

mitral valve. (B) Snaring of the hydrophilic wire in the descending aorta. (C) Arterio-

venous loop creation. (D) Valve alignment. (E) Final result. See Online Video 1.
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