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Presentacion y comentario preliminar
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presente doctorando.
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publicas y dos privadas.
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doctoral como compendio de publicaciones cientificas sobre una misma linea de
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investigacion, premia el trabajo cientifico que suscite interés en la comunidad cientifica y
facilita la elaboracién de tesis doctorales a investigadores con resultados notables. Todos
estos fueron los motivos por los que desde un principio me decanté por realizar mi tesis

doctoral en la Universitat Autonoma de Barcelona.

Asi, el nicleo fundamental de esta tesis doctoral son tres de los articulos publicados
durante estos afios, y su estructura y formato estad centrada en la justificacion, presentacion y

discusién de estas publicaciones.

11



12




Aprobacion de la tesis en el modo compendio por
publicaciones

13



14




U " Escola de Postgrau
Universitat Autbnoma de Barcelona
Exp.ED

Sr. Ignacio José Sanchez Lazaro
Av. Ausias March, 2, esc. 2, porta 15
46111 Rocafort

Vista la instancia presentada per en/na Ignacio José Sanchez Lazaro de sollicitud de
presentacio de tesi doctoral com a compendi de publicacions,

De conformitat amb el que disposa la Normativa académica de la UAB aplicable als estudis
universitaris requlats de conformitat amb el RD 1393/2007, de 29 d'octubre, modificat pel RD
861/2010, de 2 de juliol (text refds aprovat per I'Acord de Consell de Govern de 2 de marg de
2011),

Atés que a les publicacions hi ha de constar la UAB mitjangant la filiacio del director o del
doctorand,

RESOLC

Acceptar la presentacié de la tesi doctoral de Ignacio José Sanchez Lazaro com a compendi de
publicacions amb els articles seglents:

e Sanchez, I.J.; Almenar, L. [et al.] “Inflammatory markers in stable heart failure and
their relationship with functional class”. A: International Journal of Cardiology (2008;
129: 388-393).

e Vila, V.; Martinez, V. [et al.] “Inflammation, endothelial dysfunction and angiogenesis
markers in chronic heart failure patients”. A: International Journal of Cardiology (2007).

e Martinez, V.; Sénchez, |. “Circulating endothelial cells in patients with heart failure
and left ventricular dysfunction”. A: Dis Markers (2011; 31:75-82).

e Sanchez, I.J.,; Almenar, L. [et al.] “Are there differences in actute phase inflammation
markers regarding the type of heart failure?”. A: Heart International (2011).

— e e

Contra aquesta resolucié, que no esgota la via administrativa, les persones interessades poden interposar recurs
d‘alcada davant la Rectora Magnifica de la UAB, en el termini d'un mes, a comptar des del dia segiient a la recepcié
d'aquesta notificacid o, si s'escau, des del dia segiient de la seva publicacié, de conformitat amb el que preveu l'article
115 de la Llei 30/1992, de 26 de novembre, de Régim Juridic de les Administracions Pibliq i del Proced
Administratiu Comi, modificada per la Llei 4/1999, de 13 de gener, i l'article 76 de la Llei 26/2010, de 3 d'agost, de
Régim Juridic i de Procediment de les Administracions Pibliques de Catalunya de la Generalitat de Catalunya.

Edifici U - Campus de la UAB - 08193 Bellaterra (Cerdanyola del Vallés) - Barcelona. Spain
Tel.: 34 93 581 30 10 - Fax: 34 93 581 34 76
ep.doctorat@uab.es - www.uab.es/postgrau

15



16

U " Escola de Postgrau
h Universitat Autdbnoma de Barcelona

La publicacié segiient podra formar part de la tesi com a annex o part no fonamental, tot i que
els treballs fets en aquesta publicacié es poden comentar en la discussio de resultats.

o Vila, V.; Martinez, V. [et al.] “Effect of oral anticoagulant therapy on thrombospondin-
1 and von Willebrand factor in patients with stable heart failure”. A: Thrombosis
Research (2007).

La Comissid d'Estudis de Postgrau,
Per delegacio

Jaume FARRES VICEN
Delegat de la Rectora per al Doctorat

Bellaterra (Cerdanyola del Vallés), 13 de juny de 2012

Contra aq lucié, que no esg la via administrativa, les persones interessades poden interposar recurs
d‘algada davant la Rectora Magnifica de la UAB, en el termini d’un mes, a comptar des del dia segiient a la recepcié
d‘aquesta notificacio o, si s’escau, des del dia segiient de la seva publicacié, de conformitat amb el que preveu l'article
115 de la Llei 30/1992, de 26 de novembre, de Régim Juridic de les Administracions Publiques i del Procediment
Administratiu Comd, modificada per la Llei 4/1999, de 13 de gener, i I'article 76 de la Llei 26/2010, de 3 d'agost, de
Régim Juridic i de Procediment de les Administracions Pabliques de Catalunya de la Generalitat de Catalunya.

Edifici U - Campus de la UAB - 08193 Bellaterra (Cerdanyola del Valles) - Barcelona. Spain
Tel.: 34 93 581 30 10 - Fax: 34 93 581 34 76
ep.doctorat@uab.es - www.uab.es/postgrau



Aprobacion del proyecto de tesis por parte del Comité
Etico e Investigacion Biomédica del Hospital
Universitario La Fe

17



18




e ) [ O |y

AGENCIA £ o
VALENCIANA LIBRE [
D de 4 %}%ﬁ
E SALUT HUW 7\"»\“
HOSPITAL UNIVERSITARIO HE:

DICTAMEN DEL COMITE ETICO DE INVESTIGACION BIOMEDICA

Don Serafin Rodriguez Capelldn, Secretario del Comité Etico de Investigacién Biomédica del
Hospital Universitario La Fe,

CERTIFICA

Que este Comité ha evaluado en su sesién de fecha 20 de diciembre de 2007, el Proyecto de
Investigacion titulado “Marcadores inflamatorios en la insuficiencia cardiaca aguda”, y
se ajusta a las normativas éticas sobre investigacion biomédica con sujetos humanos y es viable
en cuanto al planteamiento cientifico, objetivos, material y métodos, etc, descritos en la
solicitud, en consecuencia este Comité acuerda emitir informe favorable supeditado a :

Indicar quien es el titular del registro

de dicho Proyecto de Investigacion que sera realizado en el Hospital Universitario La Fe por
el Dr. Almenar de Cardiologia como Investigador Principal.

/.

Fdo: S. Rodriguez
Secretario del CEIB

19



20

-

FUNDACION PARA LA INVESTIGACION 2ee Xl o Ry
; HOSPITAL UNIVERSITARIO LA FE DE VALENCIA Fundacioén para la Investigacion
andacw""'zﬁ nvesligacion FECHA l 6 ’_\_ — V HOSpital La Fe
Hospilal La Fe SALIDA N.° 2‘_(
Dr. Almenar

Servicio de Cardiologia

Asunto: Autorizacién Inicio Estudio.

Valencia, 14 de Enero de 2008

Adjunto le remito copia de los Informes Cientifico y Etico de Investigacion, en
el que se acuerda informar favorablemente.

A la vista de los dictdmenes emitidos, el Proyecto de Investigacion
titulado:’MARCADORES INFLAMATORIOS EN LA INSUFICIENCIA CARDIACA
AGUDA.”, puede llevarse a cabo, con el condicionante expreso de remitir la
informacién solicitada por el /los Comités dentro de los proximos dias.

Atentamente, ...

o

Wi

Dr. José
Director Gengr

Fundacién para la Investigaciéon Hospital La Fe.

Avda. Campanar, 21. Escuela de Enfermaria, 6° planta, Despacho 619. 46009 Valencia.
Tel.: (+34) 96 1973313 — (+34) 961973328; Fax: +34 96 349 4416

E-mail: fundacion_lafe @gva.es



Prefacio

En el campo de la Medicina en general, y de la Cardiologia en particular, la
insuficiencia cardiaca (IC) supone uno de los temas mas interesantes a dia de hoy. Este
interés viene dado principalmente por el aumento de la incidencia y de la prevalencia de

esta enfermedad, ademas de por su mal prondstico a medio y largo plazo.

El gran volumen de pacientes que sufren esta enfermedad y los gastos que de ello se
derivan, ha motivado la busqueda de nuevos tratamientos y terapias en este campo, con la
consiguiente aparicion de nuevos farmacos y dispositivos desarrollados en los ultimos afios.
Pese a estos avances, el pronostico global de los pacientes con IC ha mejorado muy poco, y

s6lo en determinados subgrupos de pacientes.

Muchos ensayos clinicos prometedores en IC en sus fases iniciales han fallado
posteriormente cuando han intentado demostrar beneficios clinicos. Junto con la presion de
la industria por la consecucion rapida de réditos econdmicos, una de las posibles causas que
se postulan para explicar estos fracasos terapéuticos sea que seguimos desconociendo parte
de la fisiopatologia de la propia IC, por lo que es necesario seguir profundizando en la

misma.

Casi la mitad de los pacientes con IC, aquellos con IC con funcion sistélica
preservada, no se han beneficiado de los avances producidos en los uUltimos afos, y a dia de
hoy, su tratamiento y prondstico sigue siendo el mismo que el de hace afios, puesto que no

se ha aprobado ningun farmaco ni terapia especifica para este tipo de IC.

Desde las primeras evidencias, alla por la década de 1950, de que en la IC existia un
estado inflamatorio notable hasta la actualidad, se ha avanzado notablemente en este
campo. Uno de los pasos mas importantes ha sido el reconocer que la inflamacién no es
consecuencia de la IC, sino que esta implicada en el desarrollo, mantenimiento y evolucidén
de la misma. A raiz de este descubrimiento crecio el interés por la busqueda de marcadores
inflamatorios (MI) implicados en la IC, ya que podrian servir para conocer mejor la
fisiopatologia de la enfermedad, su evolucién, ayudar en la estratificacion pronostica e

incluso servir como dianas terapéuticas en un futuro.
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El estudio de las alteraciones que se producen en la coagulacién y la disfuncion
endotelial (DE) en la IC se ha desarrollado de forma paralela, aunque de manera mas tardia,
al de la inflamacion. Actualmente es reconocida la implicacion de ambos procesos en la

fisiopatologia de esta enfermedad y su potencial utilidad clinica.

Por consiguiente, un mayor conocimiento en el campo de la inflamacién, de la
coagulacion y de la DE en la IC supondria ahondar en la fisiopatologia de la misma y tal vez,

en un futuro, ayudaria en el manejo y tratamiento de los pacientes que la padecen.

Son estos campos, la inflamacién, la coagulacion y la disfuncidén endotelial en el

seno de la insuficiencia cardiaca, los objetivos de estudio esta tesis doctoral.



Introduccion

Importancia de la insuficiencia cardiaca

La insuficiencia cardiaca (IC) es actualmente uno de los principales problemas de
salud publica. El constante aumento en su incidencia y prevalencia junto con las
caracteristicas de esta enfermedad, resultan en unos gastos econémicos y humanos muy

altos para la sociedad (Tabla 1) [1-3].

Tabla 1
Costes directos proyectados de la ECV para el periodo 2010-2030 en EEUU

(en miles de millones de dolares)

- Todas las HTA como

Ao ECV HTA cl IC ACV F.actor de
riesgo

2010 272,5 69,9 357 24,7 28,3 130,7
2015 358 91,4 49,8 324 38 1704
2020 470,3 1191 61,4 42,9 51,3 2225
2025 621,6 155 811 57,5 70 293,6
2030 818,1 200,3 106,4 777 95,6 389
ECV: enfermedad cardiovascular; HTA: hipertensién arterial; Cl: cardiopatia isquémica;
IC: insuficiencia cardiaca; ACV: accidente cerebro-vascular.
Tomada de Heidenreich et al. Circulation. 2011;123:933-944.

La IC supone la via final comiUn de numerosas patologias cardiacas, entre las que se
encuentran la hipertension arterial, la cardiopatia isquémica, la sobrecarga de volumen y otras
cardiopatias congénitas o adquiridas [4, 5]. La mejora en el tratamiento de todas estas
patologias, en especial de la hipertensiva y de la isquémica, junto al aumento de la esperanza
de vida, justifica que tanto la incidencia como la prevalencia de la IC hayan aumentado en los

ultimos afos y todavia lo vaya a hacer mas en los proximos (Tabla 2) [3, 6-8].
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Tabla 2

Proyeccion de prevalencia de ECV (%) para el periodo 2010-2030 en EEUU

Aio Todas las ECV HTA cl IC ACV
2010 36,9 339 8 28 3,2
2015 37,8 34,8 83 3 34
2020 38,7 357 8,6 31 3,6
2025 39,7 36,5 89 33 38
2030 40,5 37,3 93 3,5 4

ECV: enfermedad cardiovascular; HTA: hipertensién arterial; Cl: cardiopatia isquémica;
ACV: accidente cerebro-vascular.
Tomada de Heidenreich et al. Circulation. 2011;123:933-944.

Segun datos del estudio Price [9], la prevalencia de la IC en nuestro pais se sitda en
el 6,8% de la poblacion general, con cifras muy similares para ambos sexos y con un
aumento de la misma a medida que se estudian estratos de poblacidén mas afiosos. Asi, la
prevalencia de la IC por grupos de edad se situa en el 1,3% entre la poblacién de 45 a 55
afhos, del 5,5% entre los que tienen 55 y 64 afios, del 8% entre 65y 74 afios y del 16% en los

pacientes de mas de 75 afos [10, 11].

Estas cifras tan elevadas no son exclusivas de Espafia, sino que todos los paises de

nuestro entorno sufren de manera similar la epidemia que supone la IC (Figura 1) [12, 13].



EEUU

Finlandia Hics

Inglaterra M ICFSP
Suecia

Dinamarca

Espana
Portugal

Holanda

Rango de edad
Edad media

Figura 1. Prevalencia de la insuficiencia cardiaca en distintos paises. ICS:
insuficiencia cardiaca sistolica; ICFSP: insuficiencia cardiaca con funsion sistolica
preservada. Tomada de Hogg et al. / Am Coll Cardiol. 2004,43:317-327.

No es de extrafiar con estos numeros que la IC suponga una de las principales
enfermedades en consumo de recursos sanitarios de cualquier tipo, especialmente entre la
poblacion de mas edad. En este sentido, la IC supone la principal causa de hospitalizacién en
pacientes de mas de 65 afos, con una alta tasa de reingresos (del 29 al 59 % en los primeros
seis meses) [14], lo que ha propiciado la creacion de unidades especializadas en IC en un
intento de disminuir estos datos, mejorar la calidad de vida de los pacientes y disminuir el

gasto sanitario [15].

Hasta fechas no muy lejanas se consideraba Unicamente que la IC era significativa si
existla una depresion de la funcidn ventricular izquierda (ICS), lo que ha motivado que la
practica totalidad de los ensayos realizados en IC hayan incluido Unicamente a este
subgrupo de pacientes [16]. La insuficiencia cardiaca con funcién sistélica preservada (ICFSP)
es una entidad que aunque conocida desde hace tiempo, nunca ha gozado del interés de la
comunidad cientifica, Cardiélogos incluidos. Esta falta de interés se explica por el diferente
perfil de estos pacientes (Tabla 3), que normalmente son bastante mas afiosos y con mayor
nimero de comorbilidades asociadas [17], ast como por la ausencia de procedimientos y

terapias especificos.
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Tabla 3

Caracteristicas de los pacientes con ICFSP e ICS

Caracteristica
Edad

Sexo

FEVI

Diametro VI

Hipertrofia ventricular
en ECG

Radiografia de torax

Ritmo de galope
Hipertension arterial

Diabetes mellitus

Infarto de miocardio
previo

Obesidad

Enfermedad pulmonar
Apnea del suefio
Dialisis

Fibrilacién auricular

ICFSP

Frecuentemente mayores
Més frecuente mujer
Normal o >40%

Normal, frecuente la
hipertrofia ventricular

Normalmente presente

Congestion con/sin
cardiomegalia

Cuarto ruido
+++

+++

+

+++
++
++
++

+
(normalmente paroxistica)

ICS

50-70 afios tipicamente
Mas frecuente hombre
<40%

Normalmente dilatado

A veces presente

Congestion y cardiomegalia

Tercer ruido
++

++

+++

+
(normalmente persistente)

IC: insuficiencia cardiaca; ICFSP: insuficiencia cardiaca con funcién sistolica preservada;
ICS: insuficiencia cardiaca sistolica; FEVI: fraccidn de eyeccidn de ventriculo izquierdo; VI:
ventriculo izquierdo; ECG: electrocardiograma.

Adaptada de Jessup et al. N EnglJ Med 2003;348:2007-18




Aunque el perfil clinico de ambos tipos de IC es muy diferente, la prevalencia global
de la ICFSP es muy parecida a la ICS, y si bien su prondstico es ligeramente mejor que el de
la ICS en poblacion ambulatoria, éste se iguala bastante a partir del primer ingreso por

descompensacién (Figura 2) [18].

1007
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g 85 -
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75 Fraccion de eyeccion reducida
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Figura 2. Curvas de supervivencia ajustadas para pacientes con ICFSP e ICS para
el primer afio tras el primer ingreso hospitalario. Hazard ratio, 1.13; intervalo de
confianza al 95%, 0.94 a 1.36; p=0,18. Tomado de Bhatia RS et al. N Engl J Med.
2006 20;355:260-9

Ademas de la importante morbilidad que supone la IC (visitas a los servicios de
urgencias, reingresos, consumo de farmacos), la IC es tras la cardiopatia isquémica, la
patologia cerebrovascular y el cancer pulmonar y de bronquios, la cuarta causa de
mortalidad en Espafia (Tabla 4)[9].
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Tabla 4
Numero de defunciones segtin causa de muerte Espaia 2011

Total Hombres Mujeres
Total defunciones 387.911 199.854 188.057
Cardiopatia isquémica 34.837 19.925 14912
Enfermedades cerebrovasculares 28.855 12.152 16.703
Cancer de bronquios y pulmén 21.058 17.479 3.579
Insuficiencia cardiaca 17.089 5.954 11.135
Enfermedades cronicas de las vias 15.904 11.819 4.085
respiratorias inferiores
Demencia 14.583 4.780 9.803
Enfermedad de Alzheimer 11.907 3.528 8.379
Cancer de colon 11.687 6.687 5.000
Diabetes mellitus 9.955 4153 5.842
Fuente: http://www.ine.es/prensa/np703.pdf

La mortalidad debida a la IC ha disminuido ligeramente en los Ultimos afos, aunque
los numerosos avances que se han producido en el tratamiento de esta enfermedad no han
conseguido evitar que la morbi-mortalidad continle siendo inaceptablemente alta, con una
esperanza de vida del 50% a los 5 afios, muy similar al prondstico de los pacientes

oncoldgicos (Figura 3 y 4) [19-22].
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Es por ello que cualquier linea de investigacién encaminada a conocer mejor la
fisiopatologia de la IC sea acogida con interés, pues un conocimiento mas profundo de los
procesos patologicos de cualquier enfermedad pone las bases para un mejor diagnéstico y

tratamiento de la misma a largo plazo.

Inflamacion e insuficiencia cardiaca

Los avances producidos en los Ultimos afios han permitido reconocer que la IC no es
sélo resultado de una agresién de cualquier tipo sobre el miocardio, sino que también es el
resultado de una compleja interrelacién entre los sistemas genéticos, neurohormonales y del

sistema inflamatorio [23, 24].

La inflamacion se estd mostrando como un componente importante en cada vez
mayor nimero de procesos patoldgicos e incluso en algunos fisioldgicos como el gjercicio
fisico. El paradigma de inflamacién se encuentra en la sepsis, donde un proceso inicial
(infeccion) desencadena una respuesta sistémica que va mucho mas alld de la patologia
inicial y se convierte en el aspecto clave de la enfermedad. Aunque en la IC el papel de la
inflamacién no es tan importante como en la sepsis o en la leucemia, su implicacién no es
despreciable (Figura 5), y cada vez son mas los autores que se atreven a calificar a

numerosos Ml como factores de riesgo para el desarrollo de IC [25-28].

100% == Sepsis Figura 5. Escala de mayor a menor (100-0)
90% =~ Leucemia aguda respecto a la intensidad y persistencia de
80% = Pancreatitis aguda-SDRA la respuesta inflamatoria sistémica.

3 SDRA: Sindrome de distrés respiratorio del
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60% == Trauma-Nutricion parenteral total ) ) o )
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0 EPOC: Enfermedad pulmonar obstructiva
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cronica
20% =1 Antritis reumatoide HTA: Hipertensién arterial
10% =1 Ejercicio fisico Tomado de Navigante et al. Insuficiencia
0% =i= Enfermedad de Parkinson Cardiaca, vol. 4, n° 4, 2009




El concepto de MI es amplio, y engloba muchos tipos de moléculas. Asi, dentro de
dicho concepto o del término mas actual biomarcador, se engloban tanto citoquinas,
elementos inmunoldgicos, proteinas de fase aguda, proteinas implicadas en la coagulacién e
incluso otros tipos de moléculas como los polisacaridos [29]. En general, los Ml son
inespecificos y se producen en respuesta a cualquier dafio o disfuncidon que se produzca en

el organismo, independientemente de la causa subyacente.

El conocimiento mas profundo de la inflamacién como proceso sistémico, con el
descubrimiento de cada vez mayor nimero de Ml implicados, ha puesto de manifiesto que
siendo el proceso de la inflamacién algo comidn en muchas enfermedades, existen
particularidades en cada patologia. Estas peculiaridades no son sélo entre patologias que
afectan a diferentes sistemas, sino que estan presentes incluso en las que afectan al mismo

organo, como el corazén.

El estudio de la inflamacién en la IC se remonta a 1956, cuando por primera vez se
comprob6 que aquellos pacientes con IC mas grave presentaban mayores niveles de
proteina C reactiva (PCR) [30]. Mas tarde, en la década de 1990 Levine et al. demostraron de
forma similar que el TNF-a se encontraba mas elevado en pacientes con IC [31], y a partir de
esta fecha comenzaron a surgir més estudios involucrando a cada vez mayor nimero de Ml

(interleuquinas, factores de coagulacién, metaloproteasas...).

El objetivo basico de cualquier investigacion en el campo de la inflamacién en la IC,
segun Morrow y de Lemos, se basa en la bisqueda de biomarcadores que cumplan los

siguientes tres principios basicos [32]:

- Que su determinacién se pueda realizar en un tiempo y coste razonables.
- Que aporte informacion aun no disponible.

- Que dicha informacion sea (til a la hora de la toma de decisiones clinicas.

Aunque estas premisas parezcan sencillas a simple vista, engloban una complejidad
enorme y no todos los Ml las cumplen. Pese a que un Ml no satisfaga todas estas
caracteristicas, puede aportar otro tipo de informacién que lo haga interesante, como es
profundizar en el conocimiento de la fisiopatologia de la enfermedad, ayudar en la

estratificacion del riesgo de los pacientes y/o servir para monitorizar el tratamiento. Ademas,
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ciertos MI, aparte de cumplir alguno de estos criterios, pueden ser patogénicos en st mismos,

y por ello constituir un potencial objetivo terapéutico.

Uno de los principales puntos de interés de la inflamacién en la IC es saber si

realmente existe una relacion etioldgica o causal. En este sentido existen varias posibilidades:

- La IC se produce por los mecanismos clasicos (isquemia, HTA...) y la inflamacion
aparece cuando existe IC pero sin relacion fisiopatoldgica, es decir, se trata de un
mero testigo.

- Cualquiera que sea la causa, tras el fallo cardiaco se activan mecanismos sistémicos
de inflamacién que contribuyen a perpetuar la IC, pero sin estar involucrados en su
origen.

- Los MI estan presentes antes del desarrollo de la IC y participan tanto en el inicio

como en el mantenimiento y evolucion de la misma.

Todo proceso patoldgico suele ser consecuencia de mas de una causa, y en la IC
ocurre lo mismo. Como se indica en el primer apartado, existen Ml que Unicamente son
testigos de la IC sin relacién fisiopatoldgica en ningln estadio de la enfermedad y que son
consecuencia de la propia IC. Otros Ml es cierto que no estan presentes antes del inicio de la
IC, pero una vez establecida ésta, aparecen y tienen un efecto nocivo sobre el organismo en
general y/o sobre el miocardio en particular, ayudando en el mantenimiento de la IC.
Finalmente, se ha comprobado que la inflamacién de bajo grado provocada por otros
procesos patologicos extracardiacos o incluso por factores de riesgo cardiovascular
tradicionales (diabetes, hipertension arterial, dislipemia, tabaquismo), tiene un efecto nocivo
directo sobre el miocardio y constituye un factor de riesgo independiente para el desarrollo
de IC [33].

Se han propuesto diferentes teorias para explicar el origen de la inflamacién en la
IC. Por un lado, el mismo miocardio puede producir citoquinas proinflamatorias (como el
TNF-a) y algunas evidencias sugieren que esta produccidon puede incrementarse por la
presencia de catecolaminas circulantes como sucede en la propia IC. Por otro lado, la
translocacién de endotoxinas bacterianas desde el intestino, suceso que se produce en
pacientes con IC, puede a su vez activar el sistema inmune y derivar en la mayor produccion
de citoquinas inflamatorias. Una vez activada la inflamacion, el efecto nocivo de los Ml
puede ser por su accion sobre el miocito, el intersticio miocardico o ambos, y se puede

resumir de la siguiente manera:



- Efectos conocidos: disfuncién ventricular izquierda, edema de pulmon,
miocardiopatia, disminucion del flujo al musculo esquelético, disfuncion endotelial,
anorexia y caquexia.

- Efectos potenciales: desacople del receptor de la adenilciclasa, activacion del

programa de genes fetales y apoptosis de cardiomiocitos.

La existencia de MI de varios tipos, y con distinta relacion con la IC es importante
comentarla. Aquellos MI sin actividad biolégica ni implicacién en el desarrollo y/o
mantenimiento de la IC no podran ser objetivo terapéutico, pero si servirian en la
monitorizacién y/o diagnostico de la enfermedad. De forma contraria, aquellos Ml
implicados en la IC, ademas de lo anterior, pueden servir como factores prondsticos o

incluso constituir una diana terapéutica.

Una demostracidon indirecta del papel de la inflamacién en la IC vino de la
comprobacién de que tratamientos conocidos y efectivos para la IC reducian el estado
inflamatorio. En este sentido, en varios ensayos clinicos, el grupo con mejor evolucién asocid
también una disminucién de determinados MI. Surge aqui de nuevo la disyuntiva de si la
disminucién en estos pardmetros se debié a la mejoria de la IC, fue solo algo coyuntural o

incluso si la mejoria de la IC se debio a la mejora de los propios MI.

Como se ha comentado, los primeros Ml en descubrirse fueron la PCR y el TNF-q, a
los que siguieron las interleuquinas (IL). Tanto el TNF-a como la IL-6 demostraron tener un
efecto nocivo directo sobre el miocardio, por lo que se utilizaron como diana terapéutica.
Los resultados de estos estudios fueron negativos, pero se pudo sacar una conclusién muy
valiosa, y fue que la inflamacidn es un proceso altamente complejo, redundante y que el
bloqueo de una séla de sus vias no detiene el proceso, pues la activacion se traslada a otras

rutas patoldgicas [34].

Coagulacion e insuficiencia cardiaca

La IC, especialmente en fases avanzadas, se ha relacionado con alteraciones de la

funcién endotelial y de la coagulacion. Estas alteraciones favorecen un estado protrombotico
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gue permanece incluso en presencia de anticoagulacién oral y que tiene un impacto

negativo sobre la morbi-mortalidad de estos pacientes [35].

Existen datos suficientes en la literatura para afirmar que los sistemas de inflamacién
y coagulacién estan relacionados, y no soélo porque la inflamacién active el proceso de la
coagulacion, sino porque la coagulacion puede afectar también al estado inflamatorio. Es
por ello que resulta dificil encontrar una patologia en la que la inflamacion juegue un papel
destacado y no se vea afectada la coagulacién, o viceversa. El ejemplo mas claro de tan
estrecha relacion se observa en la coagulacion intravascular diseminada, donde una
patologia inicial activa el sistema inflamatorio y éste a su vez, la cascada de la coagulacién

de forma incontrolada [36].

El principal nexo de unién entre ambos sistemas lo constituye el factor tisular (figura
6). Junto a esta relacion existen otras vias por las que se explica la activaciéon de la

coagulacion por parte de la inflamacion, resumiéndose en tres mecanismos [37]:

- Aumento en la producciéon de factor tisular, fibrindgeno y otros factores implicados
en la coagulacion, a través del estimulo que suponen las citoquinas, especialmente la
IL-6.

- La regulacién a la baja de la proteina C.

- La inhibicién de la fibrindlisis (TNF-a e IL-1).

A su vez, la coagulacidon también modula en parte el proceso de la inflamacién,
especialmente a través de la trombina y de substancias liberadas por las plaquetas como la

P-selectina (Figura 6).

En la patologia cardiovascular, el ejemplo mas claro de la relacidén inflamacion-
coagulacion es el que se produce en la cardiopatia isquémica, donde la activacion
inflamatoria debida a la rotura de una placa arteriosclerdtica conlleva la activacion de la
coagulacion y finalmente desemboca en la trombosis del vaso sanguineo. Pese a estos datos,
la alteracién de la coagulacién en la IC parece ser independiente de la etiologia,

relaclonandose mas con el grado de inflamacién de cada momento [37].

Los pacientes con IC poseen mayor riesgo de sufrir eventos tromboticos, y por ello

su presencia supone un factor de riesgo afiadido a tener en cuenta. Este hecho se refleja en



la practica clinica, por ejemplo, al constituir la IC un factor de riesgo independiente a la hora

de decidir el tratamiento anticoagulante en pacientes con fibrilacién auricular.
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Figura 6. Relacion entre inflamacién y coagulacion.

Disfuncion endotelial e insuficiencia cardiaca

El endotelio constituye una monocapa de células que recubre la parte interna de los
vasos sanguineos. Su funcién no es Unicamente de barrera mecanica entre el vaso y la
sangre, sino que tiene una actividad biolégica muy compleja. Mediante la liberacién de
multiples sustancias, el endotelio participa en procesos tan variados como son el tono
vascular, la coagulacién, la inflamacién e incluso en procesos inmunitarios. Entre la amplia
variedad de sustancias que libera el endotelio se encuentran el Oxido nitrico,

prostaglandinas, el factor tisular, el factor von Willebrand (FvW) y la trombomodulina [38,
39].
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La correcta funcidn e integridad del endotelio vascular tiene una importancia
notable en la enfermedad cardiovascular, incluyendo la IC. La disfuncién endotelial (DE)
puede darse por alteracién de la funcion endotelial en diferentes grados o deberse a un
dafio anatomico o incluso a una separacién del endotelio de la ldmina interna. En ambos
casos, el endotelio, y todas las substancias y funciones que de él se derivan, se ven afectadas
[40].

En el seno de la IC, tradicionalmente se consideraba que la DE se daba Unicamente
en estadios avanzados y la vasoconstriccion era su Unica manifestacion. Los avances
cientificos en este campo han demostrado que la DE forma parte de la fisiopatologia de la
IC, estando implicada tanto en su aparicidn como en su mantenimiento. La disfuncién
miocardica por cualquier causa genera estrés vascular e hipoxia tisular, lo que facilita la DE. A
su vez, la propia DE supone una alteracion de las sustancias que libera el endotelio, lo que

perpetula la propia DE y favorece la aparicion y/o mantenimiento de la IC [40].

En la actualidad el estudio de la DE (tanto por dafio estructural como por disfuncion
aislada) se realiza por la medida de las concentraciones plasmaticas de FvW (marcador de
dafo/disfuncion endotelial), trombomodulina soluble (marcador de dafio endotelial) y e-
selectina soluble (marcador de activacion endotelial) [34, 41]. Los marcadores mencionados
son una fuente indirecta de informacién sobre el estado endotelial, por lo que se hacia

necesario disponer de un método de valoracién directa del endotelio.

Las células endoteliales circulantes (CEC, Figura 7) son células provenientes de la
descamacion de la monocapa de la intima de los vasos sanguineos. Estas células son muy
poco frecuentes en sujetos sanos (<3 células/mL), por lo que una minima elevacién en
sangre periférica se considera patoldgico, confiriéndole gran sensibilidad para el diagnéstico
de la DE. Su liberacion se produce como consecuencia de una agresion al endotelio de
cualquier tipo, con lo que se elevan en patologias tan variadas como la cardiopatia
isquémica, la IC, la hipertension pulmonar e incluso en procesos neoplasicos [42-44]. Al
formar parte de la propia estructura del endotelio, la principal ventaja de las CEC frente a
otros métodos de valoracion del dafo endotelial, radica en que suponen un método directo
de valoracién del dano/disfuncion endotelial [45]. De este modo, Lee et al. encontraron a
estas células, entre una amplia variedad de biomarcadores, como el Unico predictor de
riesgo para sufrir un evento cardiovascular mayor en los 30 primeros dias después de un

sindrome coronaria agudo [46].



Figura 7. Células endoteliales circulantes formando una roseta de 10 um de

longitud. A la izquierda marcadas con un lecho inmunomagnético y a la derecha

con tincion verde brillante con Ulex Europaeus lectin.

Al ser una marcador novel, y a pesar de su relacidén fisiopatoldgica clara con el
endotelio, las CEC necesitaban una validacion antes de poder ser empleadas como
marcadores de DE. Varios estudios han demostrado que existe una buena correlacién entre
los niveles de CEC y los marcadores de DE ya conocidos y establecidos hasta la fecha, como
son el FYW, la e-Selectina [47]. De igual manera, la validez de las CEC se ha demostrado
frente a métodos invasivos de anélisis de la funcidn endotelial como la administracion

intravenosa de acetilcolina o adenosina y la medicion del flujo en el antebrazo [48].
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Justificacion y Objetivos

Justificacion

La insuficiencia cardiaca es una enfermedad con una alta prevalencia e incidencia al
ser la via final de numerosas y variadas cardiopatias. Por ello, dentro del concepto IC existen
numerosas diferencias en funcién del tipo de IC y de la etiologia de la misma. Una de las vias
de estudio en los ultimos afios en el campo de la IC es la de los procesos inflamatorios y de
disfuncion endotelial implicadas en la misma. Ahora bien, los estudios publicados hasta la
fecha se han realizado en pacientes con IC sin atender a su tipo ni a su etiologia, por lo que

el estudio de estos aspectos estd mas que justificado.

La motivacion de esta tesis, que se presenta como compendio de publicaciones y
esta integrada por tres trabajos de investigacion que se reproducen a continuacién, es la de

ahondar en el conocimiento de dos aspectos:

a) El estudio de la inflamacién y coagulaciéon en pacientes con IC, su comparacion
con controles sanos y la exploracion de correlaciones con aspectos clinicos.

b) Profundizar en el conocimiento de las células endoteliales circulantes en
pacientes con IC y su comparacién con marcadores de disfuncidon endotelial ya
establecidos y validados.

¢) Analizar posibles diferencias en el campo de la inflamacion entre los dos tipos de
IC, insuficiencia cardiaca con funcién sistélica deprimida o con funcién sistdlica
conservada. ICS e ICFSP.

En el primer articulo de los que componen esta tesis, se analizan diversos
marcadores inflamatorios en pacientes con IC estable y se comparan con controles sanos, ast
como la correlacion de estos marcadores con parametros clinicos, analiticos vy

ecocardiograficos.
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En el segundo articulo, se ha estudiado la evolucion de un marcador novel de
disfuncion endotelial, las células endoteliales circulantes, en pacientes con IC. Este articulo es
el primero que, en una misma poblacién de pacientes con IC, ha analizado la evolucién de
las CEC desde la fase aguda a la estable, relaciondndolas ademds con marcadores de
disfuncién endotelial clasicos como el factor von Willebrand o el factor de crecimiento

vascular.

La IC se divide, en funcidon de la fraccion de eyeccidn que presente el paciente, en IC
con fraccidon de eyeccidn deprimida (ICS) e IC con fraccidon de eyeccion conservada (ICFSP).
Ambas difieren en muchos aspectos, si bien el prondstico, una vez el paciente se inestabiliza,
es muy similar. En el tercer y ultimo articulo de los que componen esta tesis, se ha

comparado el estado inflamatorio de pacientes con IC descompensada y ambos tipos de IC.

Con los tres articulos que componen el cuerpo central de esta tesis por compendio
de publicaciones, y con el que se afiade como suplementario, se constata un proceso de
investigacidn continuo por parte del doctorando en el campo de la insuficiencia cardiaca en
general, y de los marcadores de inflamacién y de disfuncién endotelial en particular. La
poblacién de estudio ha sido la habitual en la practica clinica y no pacientes incluidos en
ensayos clinicos, con lo que refleja mejor la poblacién general de pacientes con IC y hace

que sus resultados sean mas facilmente extrapolables al resto de pacientes con IC.



Objetivos especificos
Articulo 1

Titulo del Articulo 1

Inflammatory markers in stable heart failure and their relationship with functional
class. Sanchez-Lazaro 1J, Almenar L, Reganon E, Vila V, Martinez-Dolz L, Martinez-Sales V,
Moro J, Agliero J, Ortiz-Martinez V, Salvador A. Inflammatory markers in stable heart failure
and their relationship with functional class. Int J Cardiol. 2008 Oct 13;129(3):388-93. Epub
2007 Nov 26. Erratum in: Int J Cardiol. 2011 Feb 3;146(3):484.

Objetivo del Articulo 1

Analizar si determinados marcadores de inflamacién se encuentran mas elevados en
pacientes con insuficiencia cardiaca crénica que en un grupo sano control.

Explorar las posibles diferencias en dichos niveles segin la etiologia de la
insuficiencia cardiaca.

Comprobar si existe una correlacién entre los marcadores inflamatorios, la fraccidn

de eyeccion y el estadio funcional de los pacientes.

Articulo 2

Tttulo del Articulo 2

Circulating endothelial cells in patients with heart failure and left ventricular
dysfunctionMartinez-Sales V, Sanchez-Lazaro |, Vila V, Almenar L, Contreras T, Reganon E.
Circulating endothelial cells in patients with heart failure and left ventricular dysfunction. Dis
Markers. 2011;31(2):75-82.

Objetivo del Articulo 2

Evaluar la evolucién de las células endoteliales circulantes en pacientes con
insuficiencia cardiaca y diferente clase funcional.
Analizar si existe correlaciéon entre el nimero de células endoteliales circulantes y

marcadores ya establecidos de disfuncién vascular y angiogénesis.
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Articulo 3

Titulo del Articulo 3

Are there differences in acute phase inflammation markers regarding the type of
heart failure?. Sanchez-Lazaro IJ, Almenar-Bonet L, Reganon-Salvador E, Vila-Liante V,
Martinez-Sales V, Martinez-Dolz L, Agliero-Ramon-Llin J, Salvador-Sanz A. Are there

differences in acute phase inflammation markers regarding the type of heart failure? Heart
Int. 2011;6(2):e17.

Objetivo del Articulo 3

Analizar determinados marcadores inflamatorios en pacientes con insuficiencia
cardiaca aguda, y explorar posibles diferencias en estos marcadores segun se trate de

pacientes con insuficiencia cardiaca con fraccién de eyeccidén deprimida o preservada.

Articulo complementario

Titulo del Articulo Complementario
Vila V, Sales VM, Almenar L, Lazaro IS, Villa P, Reganon E. Effect of oral

anticoagulant therapy on thrombospondin-1 and von Willebrand factor in patients with
stable heart failure. Thromb Res. 2008;121(5):611-5.

Objetivo del Articulo Complementario
Evaluar, en pacientes con insuficiencia cardiaca estable, el impacto de la
anticoagulacion oral con antagonistas de la vitamina K sobre determinados marcadores
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Abstract

Introduction and objectives: While it appears to be clear that an inflammatory process occurs in heart failure (HF), it is still to be defined
whether inflammation depends to a greater extent on HF etiology, functional class (FC), or the extent of depression of ejection fraction (EF).
Our objectives were to analyze differences in inflammatory marker levels as compared to a healthy population, to assess differences
depending on HF etiology, and to relate values with FC and EF.

Patients and methods: Fifty-nine consecutive outpatients with stable HF (57+/—9 years, 89% males) and 59 controls (55+/—8 years, 85%
males) were enrolled into the study. Causes of HF included ischemic heart disease (n=24), idiopathic dilated cardiomyopathy (n=24), and
miscellaneous conditions (n=11). Patients with decompensation in the past 6 months were excluded from the study. Protein fibrinogen, sialic
acid, C-reactive protein (CRP), and tumor necrosis factor-alpha (TNF-alpha) were measured. Echocardiography was performed in all study
patients. FC was assessed using the NYHA classification.

Results: A comparison of inflammatory marker levels between the HF and control groups showed significant differences in all markers,
except for TNF-alpha. Protein fibrinogen in controls: 253 +/—54 mg/dl, protein fibrinogen in HF: 294+/—67 mg/dl; p<0.05. Sialic acid in
controls: 53+/—1 mg/dl, sialic acid in HF: 61+/—12 mg/dl; p<0.05. CRP in controls: 1.3+/—0.7 mg/dl, CRP in HF: 7.8+/—1.2 mg/dl;
p<0.05. TNF-alpha in controls: 183+/—51 ng/ml, TNF-alpha in HF: 203+/—13 ng/ml; p=0.2. No differences were found between the
different etiologies of HF. A positive association was seen between FC and protein fibrinogen and TNF-alpha (p<0.05), but not with EF.
Conclusions: Increased inflammatory marker levels related to FC of the patient, but not to EF, are found in chronic HF.

© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Heart failure; Inflammatory markers; Ventricular function; Functional class

1. Introduction the neurohormonal system plays a primary role. The most

widely studied neurohormonal markers are interleukins [1,2].

Heart failure is no longer considered as a condition where
only a pump failure exists. It is now seen as a disease in which

* This work was supported by a research grant from the Generalitat
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* Corresponding author. Fax: +34 96 197 33 14.
E-mail address: igsanla@comv.es (I.J. Sanchez-Lazaro).
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There are studies analyzing the value of inflammatory
markers in certain conditions. These include fibrinogen and
sialic acid in ischemic heart disease [3,4]. However, the
value of these markers in patients with chronic stable HF
depending on the etiology of the condition and the
relationship to functional status and ejection fraction have
been less extensively studied.
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Table 1
Clinical profile of the analyzed groups

Controls Patients with chronic HF

No. 59 59
Age (years) 55+8 57+9
Males 50 (85) 53 (89)
Diabetes mellitus 0(0) 18 (30)
Cholesterol (mg/dl) 225438 188+37
Triglycerides (mg/dl)  134+95 154+88
HBP 2(3) 19 (32)
Smoking — yes Yes: 2 (3) Yes: 3 (5)

— No No: 18 (30) No: 36 (61)

— Former smokers ~ Former smokers: 0 (0) Former smokers: 15 (25)
Hyperuricemia 0 (0) 25 (43)
FC1-2 59 (100) 32 (54)
FC>2 0(0) 16 (27)
EF 79+£19 29410
CA from AF 0 (0) 14 (23)
Complete LBBB 0 (0) 18 (30)
PM 0 (0) 7(12)
Beta-blockers 0 (0) 22 (37)
CCBs 1(2) 5(8)
ACE inhibitors 1(2) 41(69)
ARBs 0 (0) 6 (10)
ASA 0 (0) 16 (27)
Clopidogrel 0 (0) 3 (5
Anticoagulants 0 (0) 30 (50)
Statins 0 (0) 26 (44)
Fibrates 0 (0) 1)
Diuretics 0 (0) 43(72)
Nitrates 0(0) 13 (22)
Amiodarone 0 (0) 12 (20)
Digoxin 0 (0) 38 (64)
Allopurinol 0 (0) 8 (13)

HBP: high blood pressure; FC: functional class; EF: ejection fraction; CA
from AF: complete arrhythmia from atrial fibrillation; LBBB: left bundle
branch block; PM: pacemaker; CCBs: calcium channel blockers. Values are
given as mean+SD, number of cases, and percentages in brackets.

The aim of this study was to analyze whether inflamma-
tory marker levels are increased in patients with chronic HF
as compared to a control group, to assess potential
differences in the levels depending on HF etiology, and to
verify if a correlation exists between markers, ejection
fraction, and a symptomatic status of patients.

2. Patients and methods
2.1. Patients and design

Fifty-nine outpatients diagnosed of chronic HF were
evaluated in a cross-sectional study. Consecutive patients
were recruited. Patients who had experienced any decom-
pensation episode in the past six months and who did not
give their consent were excluded from the study. The control
group consisted of 59 healthy subjects from the hospital
staff, age- and sex-matched to the patients. Patients were
informed of the study objectives and gave their consent to
participate in the study. All study procedures comply with
the Declaration of Helsinki of 1975.
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2.2. Etiology of HF

The cause of HF was established based on the clinical
history. A diagnostic coronary angiography performed in the
past year was available in all cases. Three groups were
formed based on etiology: ischemic heart disease, idiopathic
dilated cardiomyopathy, and a so-called miscellaneous group
(seven valvular, two alcoholic cardiomyopathies, one
postpartum, and one arrhythmogenic dysplasia of right
ventricle).

2.3. Clinical profile and echocardiography

The clinical characteristics of the population studied are
summarized in Tables 1 and 2. Functional class was deter-
mined based on the NYHA classification as acceptable
(NYHA Class <1I) and poor (NYHA Class>1II).

The echocardiographic study was performed with a HP
Sonos 5500 equipment. Ejection fraction was measured using
the modified Simpson method, following the guidelines of the

Table 2
Clinical profile of patients with chronic heart failure

Ischemic heart  Idiopathic dilated Miscellaneous

disease cardiomyopathy
No. 24 24 11
Age (years) 59+8 56+9 55+8
Males 24 (100) 19 (79) 8(72)
Diabetes mellitas 9 (37) 3 (13) 6 (54)
Cholesterol (mg/dl)  183+38 189+34 199+41
Triglycerides (mg/dl) 174+109 134+44 143+53
HBP 10 (41) 7 (35) 2 (18)
Smoking — yes Yes: 2 (8) Yes: 0 (0) Yes: 1 (9)

- No No: 14 (58) no: 15 (62) no: 9 (82)
— Former smokers Former Former Former

smokers: 8 (34) smokers: 9 (37)  smokers: 1 (9)
Hyperuricemia 4 (16) 10 (42) 2 (18)
FC1-2 10 (41) 14 (58) 8(72)
FC>2 7 (29) 6 (25) 3(27)
EF (%) 28+8 28+8 33£13
CA from AF 2 (8) 8 (34) 4 (36)
Complete LBBB 14 13 (54) 4 (36)
PM 2(8) 4(17) 19
Beta-blockers 10 (41) 8 (34) 4 (36)
CCBs 5(21) 0 (0) 0 (0)
ACE inhibitors 18 (75) 15 (62) 8(72)
ARBs 2(8) 3 (13) 19
ASA 13 (54) 2(8) 1(9)
Clopidogrel 3 (13) 0 (0) 0 (0)
Anticoagulants 8 (34) 14 (58) 8 (72)
Statins 15 (62) 7 (29) 4 (36)
Fibrates 0 (0) 0 (0) 109
Diuretics 12 (50) 21 (87) 10 91)
Nitrates 11 (46) 1(4) 1(9)
Amiodarone 6 (25) 3(13) 3(27)
Digoxin 13(54) 16(67) 9 (82)
Allopurinol 1(4) 6 (25) 109

HBP: high blood pressure; FC: functional class; EF: ejection fraction; CA
from AF: complete arrhythmia from atrial fibrillation; LBBB: left bundle
branch block; PM: pacemaker; CCBs: calcium channel blockers. Values are
given as mean+SD, number of cases, and percentages in brackets.
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Table 3
Inflammatory markers in 59 patients with chronic heart failure and 59
healthy subjects (controls)

Table 4
Pearson’s correlation coefficients between inflammatory markers and
ejection fraction

Control (n=59) HF patients (n=59) p EF p
Fibrinogen (mg/dl)  253+54 294+67 »=0.0002 Fibrinogen 0.066 0.631
Sialic acid (mg/dl) 53+11 61+12 p=0.0003 Sialic acid —0.050 0.717
CRP (mg/l) 1.3+0.7 7.8+1.2 »=0.0001 CRP 0.018 0.898
TNF-alpha (ng/ml)  183+51 203+13 p=0.2 TNF-a 0.081 0.564

CRP: C-reactive protein; TNF-alpha: tumor necrosis factor alpha. Values are
given as mean=+SD.

American Society of Echocardiography [5]. Echocardiogra-
phies were performed within 30 days of blood sampling for
marker tests.

2.4. Variables analyzed

Inflammatory markers tested included protein fibrinogen,
sialic acid, C-reactive protein, and tumor necrosis factor
alpha.

Protein fibrinogen plasma levels were measured using the
heat precipitation method [6]. Within-test coefficient of
variation, less than 8%.

Total plasma levels of sialic acid were measured using a
commercial enzymatic-colorimetric method (Sialic acid

CRP: C-reactive protein; TNF-alpha: tumor necrosis factor alpha; FC:
functional class; EF: ejection fraction; p, significance of correlation.

Farbtest, Boehringer Mannheim, Germany). Within-test
coefficient of variation, less than 3.8%.

CRP levels were measured by nephelometry using a
commercial method, N Latex CRP mono kit-immunonephe-
lometry (Dade-Behring, Germany). Within-test coefficient of
variation, less than 4.3%.

Serum TNF-a levels were measured by ELISA using a
commercial kit (IBL Immuno-Biological Laboratories, Ham-
burg). Within-test coefficient of variation, less than 4.2%.

2.5. Statistical analysis

The results are given as mean=standard deviation (SD)
for continuous variables, and as percentages for categorical

600 120
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(mg/dL) Sialic acid
500 1 p=0.029 1007 (mg/dL)
p=0.083
400 1 80 1 e
300 4 ——] 60 1 I:'
| |
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Fig. 1. Distribution and dispersion of fibrinogen, sialic acid, CRP, and TNF-alpha in HF patients grouped by functional class. Box plots show medians and their

quartiles.
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variables. Analysis of continuous variables across the
different groups was carried out using an analysis of
variance (ANOVA), and then with the Bonferroni test.
Categorical variables were analyzed using a Chi-square test
or a Fisher’s exact test. Association of inflammatory markers
to FC was analyzed using a logistic regression, while
calculation of Pearson’s bivariate correlation coefficients
was used for EF. Values of p<0.05 were considered
statistically significant. All statistical tests were performed
using software SPSS version 12.0 (Chicago, IL).

3. Results
3.1. Comparative analysis of baseline characteristics

Table 1 summarizes the clinical characteristics, biochem-
ical parameters, and treatment of the study groups.
Differences inherent to the presence of heart disease were
seen in baseline characteristics of patients as compared to
controls.

There were slight differences between the clinical profiles
of patients when were grouped based on their etiological
classification (Table 2). Thus, there was a greater prevalence
of risk factors and treatment with beta-blockers, statins, and
antiaggregants among patients with ischemic heart disease,
and a greater use of allopurinol and diuretics among patients
with iDMC, and anticoagulants in the miscellaneous group.
No differences were seen in FC and EF (Table 3).

3.2. Inflammatory markers

A comparison of circulating levels of fibrinogen, CRP,
sialic acid, and TNF-a between the patient and control
groups showed higher levels of fibrinogen (p=0.0002), sialic
acid (»p=0.0003), and CRP (p=0.0001) among patients.
There were no significant differences in TNF-a levels.

When patients were grouped based on functional class
(FC <2 and FC>2), a symmetric distribution of circulating
fibrinogen, CRP, sialic acid, and TNF-« levels was seen in
both groups (Fig. 1). Higher median fibrinogen, CRP, sialic
acid, and TNF-a levels were found in the FC>2 as compared
to the FC<2 patients. Patients with a poorer clinical
condition therefore tend to have higher levels of inflamma-
tory markers.

Table 5
Logistic regression showing correlation between inflammatory markers and
FC

OR P CI (95%)
Fibrinogen 1.018 0.026 1.002-1.036
Sialic acid 1.084 0.063 0.995-1.187
CRP 0.926 0.161 0.837-1.030
TNF-a 1.015 0.002 1.005-1.025

CRP: C-reactive protein; TNF-alpha: tumor necrosis factor alpha; FC:
functional class; OR: odds ratio; p, significance of correlation. CI:
confidence interval.

Table 6
Inflammatory markers

Ischemic HD iDMC

Miscellaneous  p

(n=24) (n=24) (n=11)
Fibrinogen (mg/dl) 290+64 28064  333+86 0.782
Sialic acid (mg/dl) 63+15 61+12 56+11 0.286
CRP (mg/dl) 7+15 7+11 1+14 0.925
TNF-a (ng/ml) 204+124 199+2 261+105 0.839

Differences by HF etiology.

Ischemic HD: ischemic heart disease; iDCM: idiopathic dilated cardiomy-
opathy; CRP: C-reactive protein; TNF-alpha: tumor necrosis factor alpha;
FC: functional class. Values are given as mean+SD.

3.3. Correlation between inflammatory markers, ejection
fraction, and functional class

No significant correlation was seen between inflamma-
tory markers and ejection fraction (Table 4). By contrast, a
slightly positive and statistically significant association was
found of protein fibrinogen (OR: 1.018; p=0.026) and TNF-
a (OR: 1.015; p=0.002) with functional class. Finally, sialic
acid was associated to functional class (OR: 1.083), but the
association did not reach statistical significance (p=0.063)
(Table 5).

3.4. Analysis by etiology of heart disease

When patients were divided based on the etiology of heart
disease, no statistically significant differences were found
between inflammatory marker levels and HF etiology (Table 6).

4. Discussion

As above stated, the inflammatory markers tested are
increased in HF patients, their increases do not appear to
depend on the cause of HF, and a correlation exists between
FC and some inflammatory parameters, while such correla-
tion is not seen for EF.

It should be noted that treatment of patients in our series
followed clinical practice guidelines, particularly as regards
use of drugs inhibiting the renin-angiotensin system. Percent
use of recommended drugs was similar or higher as
compared to that reported in similar studies [7].

HF patients had lower total and LDL cholesterol levels as
compared to the control group. This is undoubtedly
explained by the fact that a high proportion of patients
were taking statins (42.2%), while healthy controls did not
receive these drugs.

Hyperuricemia has been identified as a poor prognostic
marker in HF patients regardless of diuretic use and kidney
function [8], but no relationship to HF etiology has been
established either. Our study demonstrated hyperuricemia to
be much more common in the iDCM group, despite the fact
that diuretic use was also greater in this same group. The
proportion of patients treated with allopurinol is however
very low, despite the fact that it has been suggested to
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possibly have benefits by producing arterial vasodilation and
decreasing free radicals after xanthine oxidase inhibition [9].

According to our results, marker increases are more rela-
ted to the FC of patients than to their EF. Some previous
studies[10—13] have already reported this clinical and ana-
lytical relationship to other inflammatory markers such as
von Willebrand factor and TNF-«, but no protein fibrinogen.

Fibrinogen is a particularly helpful marker because it is
both an indicator of inflammatory status and a determinant
factor in thrombogenicity. Fibrinogen has been widely asso-
ciated to ischemic heart disease [4,14], and patients with
higher levels of this marker have a poorer prognosis. In large
studies, fibrinogen has also been associated to a higher rate
of embolic events in patients with atrial fibrillation, therefore
identifying a subgroup of patients with an increased throm-
bogenicity [10,15,16]. Our analysis showed greater fibrin-
ogen increases in the overall HF group (as an inflammation
marker), but particularly in patients with HF of an ischemic
and miscellaneous etiology. This latter data should be the
result of the hypercoagulability status induced by the high
prevalence of atrial fibrillation (valvular heart disease
predominates in this subgroup), though some other addi-
tional factor should be involved, because such high
fibrinogen levels are not found in iDCM, in which this
arrhythmia occurs with a similar frequency. Increases in
fibrinogen levels with FC lead to an increased procoagulant
status that may partly explain the high rate of thrombotic
events in patients in the most advanced stages.

Previous studies focusing on ischemic heart disease
showed linear elevations of both plasma and myocardial
sialic acid levels with disease severity [3,17]. In agreement
with such studies, high sialic acid levels were also found in
HF patients, though the underlying cause of HF was
ischemic heart disease itself in most such patients. There
are thus no studies showing that sialic acid levels are
similarly increased in HF of a non-ischemic origin. Our
results confirm that sialic acid levels tend to be higher in HF
of an ischemic origin as compared to HF of any other
etiology, but also that this marker is substantially increased
in the other subgroups, particularly in the iDCM subgroup.
However, statistical significance could not be reached in any
of the comparisons because of the limited sample size.

CPR represents the model inflammatory marker, accord-
ing to some working groups [18]. Moderate (3—10 mg/dl)
and sustained increases in CRP levels are an unequivocal
sign of activation of the inflammatory systems of the body
[19]. Non-specificity of CRP is therefore higher as compared
to other markers, and when analyzed in studies in which
there is a great heterogeneity, its predictive value for cardio-
vascular events is substantially decreased [20]. According to
the abovementioned working groups, our patients would be
in the group with a high risk for experiencing cardiovascular
events because they have CRP levels >3 mg/dl. The neuro-
hormonal factor analyzed in our study was TNF-«. This
marker has widely been related to ongoing inflammation
states such as rheumatological diseases. While blockade of

this system has given favorable results in rheumatological
diseases [21,22], antagonism has not had beneficial effects in
HF [23]. This confirms that the immune system is redundant
in HF. Based on its inflammatory characteristics, TNF-a has
also been implicated in the pathogenesis of HF, and its levels
have been related to patient status, as in our study [24,25].
Higher TNF-a levels were seen in the HF group. No
statistical significance was reached because of the wide
variability of this marker in the ischemic group. A novel
finding was that more marked increases in TNF-a levels
were seen among patients in the miscellaneous group, in
whom a valvular etiology predominated.

As shown, it is obvious that inflammation plays a critical
role in HF, but we may wonder whether such an effect is
similarly important in all cases. An additional analysis
showed that patients in the miscellaneous group (in which
most HFs were of a valvular origin) tended to have lower
sialic acid and CRP levels. Interestingly, and despite
widespread use of anticoagulation in these patients, the
benefits of anticoagulant therapy on thrombotic markers
reported in some study were not seen [15]. The fact that this
was the subgroup with more elevated fibrinogen levels may
indeed be explained by the procoagulant tendency in these
patients, due to a great extent to atrial fibrillation. We could
therefore dare to say that inflammation plays a secondary
role in these patients by virtue of more mechanical actions,
such as continuous overload caused by valve regurgitation.

We think that this study may have significant clinical and
economic implications. From the viewpoint of costs, sialic
acid, one of the most useful proinflammatory factors, is the
substance measured at a lower cost. On the other hand, once
elevation of these markers is shown, a level could be found
that served, if not as a tool for HF diagnosis, for prognostic
evaluation of HF, as has occurred with natriuretic peptides.

The limited patient sample prevented some of the
comparisons to reach statistical significance. Recruitment of
patients for this study at an advanced heart failure outpatient
clinic may have altered patient spectrum and percentage in
each group as compared to standard clinical practice.

5. Conclusions

HF is a disease where inflammation plays an essential
role. Our results suggest that etiology of HF does not appear
to have a significant influence on the tested markers. The
inflammatory process would be more closely related to
clinical functional status of patients than to quantification of
ventricular function.
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Abstract. Introduction and Aims: Acute and chronic heart failure may manifest different degrees of endothelial damage and
angiogenesis. Circulating endothelial cells (CEC) have been identified as marker of vascular damage. The aim of our study was
to evaluate the evolution of the CEC at different stages of patients with heart failure. We also investigated a potential correlation
between CEC and markers of vascular damage and angiogenesis.

Methods: We studied 32 heart failure patients at hospital admission (acute phase) and at revision after 3 months (stable phase)
and 32 controls. Circulating markers of endothelial damage (CEC; von Willebrand factor, vVWF and soluble E-selectin, sEsel)
and angiogenesis (vascular endothelial growth factor, VEGF and thrombospondin-1) were quantified.

Results: Levels of CEC, vWEF, sEsel and VEGF are significantly higher in heart failure patients than in controls. Levels of CEC
(36.9 £ 15.3 vs. 21.5 £ 10.0 cells/ml; p < 0.001), vWF (325 & 101 vs. 231 4 82%; p < 0.001) and VEGF (26.3 £ 15.2 vs.
21.9 £ 11.9 ng/ml; p < 0.001) are significantly higher in the acute phase than in the stable phase of heart failure. CEC levels
correlate with vVWF and VEGF. Results show than 100% of patients in acute phase and 37.5% in stable phase have levels of CEC
higher than the 99th percentile of the distribution of controls (16 cells/ml). Therefore, increases in CEC represent a relative risk
of 9.5 for heart failure patients suffering from acute phase.

Conclusions: CEC, in addition to being elevated in heart failure, correlate with vWF levels, providing further support for CEC as
markers of endothelial damage. Levels of CEC are associated with the acute phase of heart failure and could be used as a marker
of the worsening in heart failure.

Keywords: Heart failure, circulating endothelial cells, endothelial dysfunction, angiogenesis

1. Introduction CEC in peripheral blood is becoming a novel and re-
productive method used to assess endothelial dam-
age/dysfunction [4]. CEC represent mature endothelial
cells that have become detached from the endothelial
monolayer in response to endothelial injure. Thanks
to a consensus definition of CEC and a standardized
protocol for identifying these cells [5], good agreement
now exists among laboratories with regard to normal
CEC counts. Compared with the lower count observed

in healthy subjects, increased CEC have been described

Endothelial abnormalities are typical in heart fail-
ure (HF) and represent one of the major physiopatho-
logical pathways implicated in the development and
progression of HF. Circulating endothelial cells (CEC)
are a noninvasive marker of vascular damage, re-
modelling and dysfunction [1-3]. Quantification of
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in a wide spectrum of cardiovascular diseases, such as
acute myocardial infarction, unstable angina and con-
gestive HF, in which severe endothelial alterations are
implicated [6-8]. Therefore, the increase in CEC re-
flects severe endothelial damage and the existence of
denuded areas of the endothelium. Thus, determina-
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tion of CEC levels can serve as a tool to analyze the
process of vascular damage/regeneration in HF.

Current well established markers of endothelial dys-
function are von Willebrand factor (vWF) [9] and sol-
uble E-selectin (sEsel) [10]. Increased values of vVWF
and sEsel have been documented in HF [6,8,11,12] and
some authors even consider sEsel a prognostic factor
in acute HF [13-15].

Concentrations of the angiogenesis markers vascular
endothelial growth factor VEGF) and thrombospondin-
1 (TSP-1) are increased and decreased, respectively, in
chronic heart failure patients, which suggests a role of
angiogenesis in the maintenance and repair of luminal
endothelium in chronic HF [16]. It has been suggest-
ed that high levels of angiogenic factors in heart fail-
ure may play a role in the maintenance and repair of
a perturbed or damaged endothelium through several
different mechanisms [16-18].

The aim of our study was to evaluate the evolution
of the CEC at different stages of patients with HF. We
also investigated a potential correlation between the
number of CEC and the circulating levels of established
markers of vascular damage and angiogenesis.

2. Methods
2.1. Study design: Inclusion and exclusion criteria

Inclusion criteria were to be admitted for heart fail-
ure and to agree to complete a follow-up visit three
months after discharge. Fifty-one patients consecutive-
ly admitted to the Cardiology Department of a reference
hospital for HF were recruited. A clinical assessment,
laboratory tests, electrocardiogram (ECG), echocardio-
graphy and coronary arteriography were performed in
all patients. HF was defined according to the European
Society of Cardiology Guidelines [14,19]. Patients
were discharged with optimal medical therapy for their
heart disease according to the European Guidelines for
HF [14,19]. The follow-up period was three months
=+ 5 days. At three months, an outpatient visit includ-
ing laboratory tests, ECG and echocardiography was
performed. Nine patients who had preserved ejection
fraction, 3 patients who did not give written consent to
participate and 7 patients who died (5 in hospital, 2 at
home) before the 3-months follow-up visit at were ex-
cluded, as it was not possible to analyze the evolution
of the study markers. The total number of patients in-
cluded in the study after applying the exclusion criteria
was 32.

The control group consisted of 32 healthy subjects,
without cardiovascular risk factors, recruited among
healthy hospital staff or healthy subjects who visit-
ed our hospital for medical checkups, age- and sex-
matched to patients. All healthy controls had no history
of cardiovascular disease, clinical evidence of vascular,
metabolic or inflammatory disease and none was tak-
ing prescription medicines. The examination includ-
ed a clinical examination, ECG and echocardiographic
study. The study was conducted in accordance with the
principles outlined in the Declaration of Helsinki. The
study protocol was approved by the Ethics Committee
and all participants gave their informed consent to take
part on it.

2.2. Biomarkers analyzed and blood collection

Circulating markers of endothelial damage/activity
(CEC, vWF and sEsel) and angiogenesis (VEGF and
TSP-1) were tested. Venous blood samples were ob-
tained from patients within 24 hours of hospital admis-
sion (acute phase) and at a 3-month revision (stable
phase). The first 3 milliliters were discarded to avoid
CEC damaged by the puncture. Blood for quantifi-
cation of CEC was collected in a BD Vacutainer tube
containing ethylenediaminetetraacetic acid (1.8 mg/ml)
and prepared for immunomagnetic separation within
1 hour. For vWF and sEsel determinations, blood
was collected in a BD Vacutainer tube containing sodi-
um citrate (129 mM) at a ratio of 1:9 (v/v, sodium
citrate/blood). For VEGF and TSP-1 determinations,
blood was collected in a dry BD Vacutainer tube. Sam-
ples were centrifuged at 1,500xg for 30 min at 4°C to
obtain plasma or serum and then stored at —80°C to
allow later batch analysis.

2.3. Biomarkers determination

The isolation and enumeration of CEC was per-
formed by immunomagnetic isolation, following the
definition and consensus protocol (5). CEC were iso-
lated from whole blood at 4°C with Pan-Mouse M450
Dynabeads (Dynal, Olso, Norway) coated with s-Endo
1 (Biocytex, Marselle, France) a monoclonal antibody
raised against the endothelial antigen CD-146. To avoid
nonspecific binding of leukocytes to CD-146 coated
beads, after immunomagnetic isolation, cells were in-
cubated with lectin, FITC labeled, from Ulex europaeus
UEA1 (Sigma-ALDRICH, Inc) for 1h in darkness.
Thus we confirm the endothelial mature of the isolat-
ed cells. Samples were washed, suspended in buffer
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and counted with fluorescence microscopy using a Na-
geotte camber. A nucleated cell > 10 pum in length,
with more than five immunomagnetic beads attached
and staining UEA-1 positive were regarded as CEC.
Conglomerates were counted as one cell. The number
of CEC was expressed as cells per milliliter of blood.
Reproducibility was tested by performing six replicates
of ten different samples. The coefficient of variation
was 12%.

VWF antigen level was measured in a hemostat-
ic testing system (ACLTop 700 CTS, Instrumentation
Laboratory) using latex particles coated with a poly-
clonal antibody directed against vVWFE. The coefficient
of variation was 7.5%.

Commercial ELISAs were used to determine sEsel
(R&D Systems) and VEGF (Biosource) levels, show-
ing a coefficient of variation of 6.5% and 4.9%, respec-
tively.

TSP-1 was determined by indirect ELISA as previ-
ously described [20]. The coefficient of variation was
4.8%.

2.4. Statistical analysis

Kolmogorov-Smirnov test was used to evaluate
whether each parameter came from a normal distri-
bution. Statistical comparisons were performed were
performed using the t-test, analysis of variance (ANO-
VA) with the Bonferroni post-hoc. Bivariate correla-
tion was performed using the Spearman rank correla-
tion test. Measures of association for categorical vari-
ables with the Pearson Chi-Square test with Yate’s cor-
rection was performed to estimate relative risk of inde-
pendent variables dichotomized as values grater than
99% confiance interval of CEC (16 cells/ml) and 95%
confidence interval of vVWF (174%), sEsel (27 ng/ml),
VEGF (245 pg/ml), TSP-1 (64 ug /ml) of distribution
in healthy controls. Multiple regression analysis was
performed to study the relations among CEC levels and
clinical variables (dislipemia, arterial hypertension, di-
abetes mellitus and smoker) in admission HF patients.
Values of p < 0.05 were regarded as statistically signif-
icant. All statistical calculations were performed using
SPSS 11.5® (SPSS Inc., Chicago, I1l, USA) computer
software.

3. Results

The clinical characteristics, biochemical parameters
and treatment of the study group are shown in Table 1,

Table 1
Clinical characteristics, biochemical parameters and
treatment of 32 acute heart failure patients and 32 healthy

controls
Acute HF Healthy controls

Age (years) 68 £+ 10 65+ 14
Sex (Male) 23 22

Etiology

Ischemic 9 NA

IDCM 8 NA

Valvular 5 NA

Other 10 NA
Sinus rhythm* 19 32
Creatinine 1.47 + 0.61 0.94 £ 0.15
(mg/ml)*
B-type natriuretic 376 + 297 7.7+438
peptide (pg/ml)*
EF < 40%* 32 0
Diabetes 9 0
mellitus*
HT* 21 0
Dyslipidemia* 15 0
Smoker™*

Yes 4 2

No 14 4

Ex-smoker 10 6
BMI (kg/m?)* 27+5 24 +2
Aspirin 11 NA
Clopidogrel 4 NA
Acenocoumarol 12 NA
Beta-blocker 16 NA
ACEI 15 NA
AIIRA 4 NA
Statins 12 NA
Diuretics 28 NA
Antialdosterones 15 NA
Digoxin 5 NA
Amiodarone 3 NA

Data are expressed as mean & SD or as number of pa-
tients unless stated. *p < 0.05. ACEI: Angiotensin-
converting enzyme inhibitors; AIIRA: Angiotensin II re-
ceptor antagonists; BMI: body mass index; BNP: B-type
natriuretic peptide; EF: Ejection fraction; HF: Heart fail-
ure; HT: Systemic hypertension; IDCM: Idiopathic di-
lated cardiomyopathy; NA: Not applicable.

and levels of CEC and other analyzed markers, both in
acute and stable phases and in controls, are shown in
Table 2. Patient’s hospitalization was always caused
by HF in any of their chances (volume overload, pul-
monary edema, dyspnea with minimal effort) and never
by ischemic or arrhythmic causes. Patients were treated
according to clinical practice guidelines. There were
no changes in the patient’s treatments for discharge to
the three months follow-up. When comparing the lev-
els of CEC, vWF, sEsel, TSP-1 and VEGF, among the
smoker/non-smoker groups of acute HF patients, no
significant differences were observed. A multiple re-
gression analysis was performed in order to asses the
influence of diabetes, hypertension and dislipemia in
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Table 2
Circulating levels of endothelial dysfunction and angiogenesis markers in 32 heart failure patients deter-
mined at acute phase (hospital admission) and stable phase (after 3 months) and in 32 healthy controls

Acute HF Stable HF Controls pl p2 p3
Endothelial markers
CECs (cells/ml) 3694+ 153 21.5+10.0 8.6+52 <0001 <0.001 <0.001
vWF:Ag (%) 325 £ 101 231 £+ 82 122 £ 27 <0.001 <0.001 <0.001
sEsel (ng/ml) 263+ 152 219+119 17.1+64 0.3 < 0.01 < 0.05
Angiogenesis markers
VEGF (pg/ml) 411 4+ 312 259 £ 226 143 £+ 64 < 0.05 < 0.001 <0.05
TSP-1 (ug/ml) 578+ 19.1 494+ 153 47.1+£9.6 0.5 < 0.05 0.8

Results are expressed as mean + SD. CECs: circulating endothelial cells; HF: heart fauilure; sEsel:
soluble E-selectin; TSP-1: thrombospondin-1; VEGF: vascular endothelial growth factor; vWF: von
Willebrand factor; pl: Acute HF vs. Stable HF; p2: Acute HF vs. Control; p3: Stable HF vs. Control.

Fig. 1. A circulating endothelial cell, forming a rosette of 10 pm in length with more than six immunomagnetic beads (left), and staining bright
green with Ulex Europaeus lectin (right). Photomicrograph in epifiuorescence (Leica), wet preparation. For scale, the large numbers of residual

immunomagnetic beads each have a diameter of 4.5 pm.

CEC level in admission HF patients. The results show
no statistically significant correlation between these
variables (coefficient of multiple correlations: 0.33,
signification: 0.69 and a coefficient of determination:
0.106).

Figure 1 shows a typical, single CEC from a pa-
tient with HF; CD146-based immunomagnetic isola-
tion with subsequent UEA-1 stain. None stained for
the leukocyte-common antigen CD45. The distribution
of the values of CEC in the three study groups is shown
in Fig. 2. For HF patients, median and (interquartile
range) CEC levels were 35 (25-43) cells/ml at hospi-
tal admission and 20 (16-22) cells/ml at stable phase,
while healthy controls showed 6 (4-12) cells/ml. CEC
counts in peripheral blood were significantly higher in
HF patients both at acute and at stable phase than in
controls (p < 0.001).

Table 2 summarizes the mean of circulating levels
of endothelial dysfunction and angiogenesis markers
determined in patients with acute and stable HF and in
controls. Patients showed higher vWF levels in both at
acute (p < 0.001) and at the stable phase (p < 0.001)
than in controls. When comparing the two phases of

HF patients, significantly higher levels of vWF were
found in patients at acute phase (p < 0.001). sEsel
levels were significantly increased in the patients, at
acute phase (p < 0.01) as well as at stable phase (p <
0.05) when compared to healthy controls. VEGF levels
were raised in patients at acute phase compared to the
levels at the stable phase (p < 0.05). Moreover, VEGF
levels were significantly increased in acute and stable
HF (p < 0.001 and p < 0.05, respectively) as compared
with controls. Levels of TSP-1 increased significantly
in patients, only in the acute phase (p < 0.05) (Table 2).
Figure 3 shows temporal changes analysis in lev-
els of CEC, sEsel, vWE, VEGF and TSP-1 in HF pa-
tients. Results represent the percentage of patients with
CEC levels higher than the 99th percentile of the dis-
tribution of healthy controls as the top cutoff point of
the normal range (CEC level above 16 cells/ml) and
levels higher than the 95th percentile for vWF (level
abovel74%), sEse (level above 27 ng/ml), VEGF (level
above 245 pg/ml) and TSP-1 (level above 64 pg/ml).
The study of the association of patient groups with
levels of CEC dichotomized as greater than 16 cells/,
shows that all acute HF patients (100%) have high num-
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Fig. 2. Distribution of circulating endothelial cells in 32 heart failure
patients at acute (hospital admission) and at stable phase (3-month
revision) and in 32 healthy controls. Bloxplot showing median (line),
interquartile range (boxes), 5% to 95% percentile (whiskers), and
outliers (dot) and extremes (stars) cell levels. CECs: Circulating
endothelial cells; HF: Heart failure.
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Fig. 3.  Circulating endothelial cells, soluble E-selectin, von
Willebrand factor, vascular endothelial growth factor and throm-
bospondin-1 levels at acute and at stable phase in HF patients. Data
represent the percentage of patients with marker levels higher than the
99% confidence interval of distribution in healthy controls (CECs)
and 95% confidence interval of distribution in healthy controls (sEsel,
TSP-1, VEGF and vWF). CECs: Circulating endothelial cells; HF:
Heart failure; sEsel: Soluble E-selectin; TSP-1: Thrombospondin-1;
VEGEF: vascular endothelial growth factor; vWF: von Willebrand
factor.

ber of CEC (Chi-square = 32.20, p < 0.0001 and a
relative risk = 3.625, 95% confidence interval: 2.01
to 6.54) and 12 of 32 patients (37,5%) in stable group
(Chi-square = 23.01, p < 0.0001 and a relative risk =
0.38, 95% confidence interval: 0.22 to 0.66). By nor-

malizing the value of the RR in the acute to the value in
patients with stable HF, it has been possible to establish
that the risk of having the highest number of CEC in
the acute phase is 9.5 times higher than in the stable
phase of the disease.

The cutoff point of the normal range (95th percentile)
was exceeded by a large number of acute heart fail-
ure (VWF: 30 patients) and stable HF patients (vWF:
26 patients), while levels of sEsel (acute: 14 patients;
stable HF: 5 patients), VEGF (acute: 18 patients; stable
HF: 14 patients) and TSP-1 (acute: 14 patients; stable
HF: 6 patients) were exceeded only by a small number
of patients. The probability of heart failure patients
having sEsel, VWF, VEGF and TSP-1 levels above the
cutoff point against controls was significant for vVWF
(p < 0.001, RR =5.94; 95% Confidence Interval: 2.84
to 12.4), and VEGF (p < 0.01, relative risk = 2.33;
95% confidence Interval: 1.55 to 3.51).

In the whole study group, CEC correlated well with
VWF (Spearman r» = 0.678, p < 0.001) and modestly
with VEGF (r = 0.39, p < 0.01). Levels of vWF and
TSP-1 were modestly correlated (r = 0.269, p = 0.05).

4. Discussion

The results obtained in this study show that patients
admitted for acute HF have elevated CEC levels that
decrease 3-month after hospital discharge, but with-
out reaching the values of healthy subjects. CEC are
a novel marker of endothelial damage, and their con-
centration correlates with other markers of endothe-
lial function (vWF) and angiogenesis (VEGF). These
data reflect a continued endothelial activation through
endothelial damage and endothelial maintenance and
repair of luminal endothelium.

Patient recruitment as well as sample collection was
done within the first 24 hours of hospital admission, to
coincide with the acute phase of disease [13]. Evalua-
tion at three months after discharge was done arbitrari-
ly. since neither the clinical practice guidelines nor the
scientific literature establish a temporal criterion to dis-
tinguish between the two phases of HF [13,15,21,22].
Levels in our study are also higher than those published
in HF patients without hospital admissions for at least
six months, so we think that more than three months
are needed to stabilize the inflammatory state [16,23].
This study is consistent with previous observations on
raised CEC in patients with acute and/or stable HF
as compared with healthy controls [6,8]. Our study
also showed that acute HF was associated with high
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numbers of CEC, which significantly decreased after
3 months of treatment. This decrease was associated
with the clinical improvement of the studied patients.
These results do not coincide with those of Chong et
al. [6], who reported that number of CEC increased in
both patients groups, but with no significant difference
between them. This discrepancy could be due to the
fact that our patients enter the study in the acute phase
and follow-up has been performed until their stabiliza-
tion; while Chong et al. [6] studied two different patient
groups, one with acute HF and other with chronic HE.
In addition, highest levels of CEC in our study may
differ from those of Chong et al. [6] because of the
different techniques used to quantify CEC.

CEC are cells from the vascular endothelium that
have become detached in response to damage. As
shown by Makin et al. [7] in acute myocardial infarc-
tion and Chong et al. [6] in HF, our study revealed that
CEC, in addition to being elevated in HF, were posi-
tively correlated with vWF levels. This latter finding
provides further support for CEC as early markers of
endothelial damage [6,13,24]. CEC reflect an impair-
ment in vasodilation produced by an endothelial de-
nudation in HF, while in pulmonary hypertension the
CEC levels reflect an endothelial proliferation. Recent
studies have shown that the effect of clopidogrel after a
stent placement could decrease the levels of CEC [25].
In our study only few patients were treated with clopi-
dogrel, so we think that this fact didn’t affect our re-
sults. As an addition to the studies conducted in HF,
our study is the first to draw these conclusions in the
same population of patients at different phases of the
disease.

Studies have found that vWF is a suitable marker of
endothelial dysfunction,increased levels being found in
inflammatory and atherosclerotic vascular diseases [9].
HF is associated with impaired endothelium, which
contributes to the peripheral vasoconstriction that is
characteristic of HF [17], and high levels of vWF are
associated with HF [6,8,16,26,27]. Our data showed
that CEC were strongly correlated with vWF (p <
0.001) so the correlation between CEC and vWF reveals
the presence of endothelial damage in these patients.

Although more weakly, E-selectin [12] is elevated
in HF patients and some authors even consider it a
prognostic factor in acute heart failure [13-15]. E-
selectin promotes adherence of leukocytes to vascular
endothelium, facilitates its permeability and acts as a
chemotactic factor. Consequently, it plays a key role
in maintenance of inflammation in HE. This role may
be modified by drugs such as statins [28], which may

explain why the differences between the two phases of
HF in our study were smaller than with other markers.

Analysis of the angiogenesis parameter in our pa-
tients showed that HF leads to progression of the an-
giogenesis response with high levels of VEGF. High
levels of angiogenic factors in HF may play a role in
the maintenance and repair of a damaged endothelium
through different mechanisms [16-18]. VEGEF is one
the growth factors implicated in angiogenesis. The my-
ocardial ischemia occurring in HF promotes the release
of VEGF, especially in phases of decompensation. In
spite of this, the role of VEGF in HF is unclear; as there
is insufficient evidence that true angiogenesis occurs in
HF. Thus, elevated VEGF levels may only reflect the
process of vascular repair, which would also explain
the biphasic nature (raised in acute heart failure but di-
minished in very late phases of the disease) observed in
some studies [16,17,29]. Our results would support the
theory that VEGF is increased as a result of the need for
endothelial repair, since we observed a significant cor-
relation with CEC, which would indicate the presence
of endothelial damage.

Regarding the study limitations and despite the fact
that the sample enabled us to draw novel and important
conclusions, a larger number of patients would have
allowed us to explore other relationships, such as the
possible influence of drugs the different markers and
different etiologies. Another limitation is the potential
effect of oral anticoagulant treatment on the study pa-
rameters. When comparing our data with those of other
studies, it should not be forgotten that our hospital is
a tertiary care facility. This means that patients diag-
nosed with HF are received by other departments in the
hospital (Short Stay Unit, Internal Medicine), and only
those with more severe illness (from which the study
patients were recruited) are referred to the Cardiology
Department.

5. Conclusions

Our study revealed that CEC, in addition to being
elevated in HF, were positively correlated with vWF
levels, providing further support for CEC as marker
of endothelial damage. Levels of CEC are associated
with the acute phase of HF patients. This way the lev-
els of CEC could be use as a marker of worsening in
HE, although these conclusions should be confirmed by
larger studies.

Finally, we want to point out that this study is the
first to draw these conclusions in the same population
of patients at different phases of the disease.
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Abstract

This study aimed to determine if there are
differences in inflammatory markers in the
acute phase between systolic heart failure and
heart failure with preserved systolic function.
One hundred and thirty-one patients with
acute heart failure were recruited consecu-
tively. At admission, plasma fibrinogen, C-
reactive protein, sialic acid, von Willebrand
factor, vascular endothelial growth factor,
interleukin-6 and NTproBNP were all evaluat-
ed. If the ejection fraction was 45% or over
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patients were included in the HF-PSF group;
the remaining patients were included in the
SHF group. The HF-PSF patients were older
(72+10 vs 6312 years, P<0.001), presented a
higher rate of atrial fibrillation (56.1 vs 21.3%,
P<0.001), and had a lower rate of hemoglobin
(12.2+2 vs 13.3+2.1 g/dL, P<0.01). No signifi-
cant differences were observed in the inflam-
mation markers analyzed among SHF and HF-
PSF groups. In the acute phase of heart failure
there is a marked elevation of inflammatory
markers but there are no differences in the
inflammatory markers analyzed between the
two different types of heart failure.

Introduction

Heart failure (HF) is currently one of the
most prevalent diseases and it inflicts a con-
siderable economic burden on the health care
system.! Until a few years ago, attention was
only paid to HF with depressed systolic func-
tion (SHF). It was not until quite recently that
an interest in HF with preserved systolic func-
tion (HF-PSF) has been shown.?

Despite the fact that HF-PSF represents 50% of
the population with HF3# few specific studies
have been conducted in clinical, prognostic,
and treatment terms. This implies assuming
that what we know about SHF applies to HF-
PSF. Nonetheless, there are some studies
which prove that the two types of HF differ.
Thanks to a number of studies, an improved
prognosis in SHF has been observed in recent
years, while there has been no such improve-
ment in the field of HF-PSF given the lack of
specific studies. Inflammation has generally
been shown to play a key role in HF, particular-
ly in SHE® In these patients, an increased
inflammation status occurs in the stable
phase of the disease. This increases in the
decompensation periods. This inflammation
contributes not only to the central and periph-
eral manifestations of the disease, but also to

[Heart International 2011; 6:e17]

the persistence of the disease. Certain inflam-
matory markers (IM) of a prognostic value
have been identified. Some of them have even
been shown to have a clinical use,7 like brain
natriuretic peptide (BNP) and its non-active
aminoterminal fragment NTproBNP. On the
other hand, there have been very few studies
of inflammatory status in HF-PSF patients.?

HF studies generally tend to cover only one
type of HF; very few have covered both. As a
result, only a few studies have compared SHF
with HF-PSF, and even fewer studies have
been concerned with research into inflamma-
tion. To date, there has been only one article
comparing several IM in stable patients in
terms of HF type.

The objective of this study was to assess the
levels of specific IM in patients who had been
diagnosed with acute HF while hospitalized
according to the type of HF presented (SHF vs
HF-PSF).

Materials and Methods

Study population

From September 2006 to November 2007,
155 patients diagnosed with acute HF and
admitted to the Cardiology Unit were consecu-
tively enrolled. HF diagnosis was made accord-
ing to the patients’ signs and symptoms and to
the Framingham criteria.’ All the patients had
a functional NYHA class of Il or over. HF etiol-
ogy was based on medical records and on the
results of complementary tests. Patients who
had been previously hospitalized, had under-
gone coronary/heart surgery three months
prior to being admitted to the Cardiology Unit,
or had not signed the informed consent, were
excluded from the study. A total number of 131
patients went forward for analysis (SHF n=62,
HFPSF n=69).

This study was carried out in accordance
with the Declaration of Helsinki. It was also
approved by the Biomedical Research Ethics
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Committee at the University La Fe Hospital. All
the patients gave their written informed con-
sent to participate in this study.

Variables and complementary tests

High blood pressure, dyslipidemia and dia-
betes were considered when patients were pre-
scribed drugs to control these risk factors.

An electrocardiogram was performed for all
patients upon arrival. An echocardiography was
performed within 48 h of hospital admission to
rule out transient systolic dysfunction. The
equipment used was an HP Sonos 5500% with a
2.5 MHz probe (Philips, Eindhoven, The
Netherlands). All the readings, including the
ejection fraction (EF), were taken according to
the recommendations of the American Society
of Echocardiography.!? If the EF was below 45%,
the patient was included in the SHF group,
while the remaining patients were included in
the HF-PSF group. Coronary catheterization was
performed in those patients who had not previ-
ously undergone the procedure, or who had had
this performed more than one year before.

Markers and biochemical determi-
nations

In an attempt to minimize the influence of
the treatment, blood samples were obtained
from all patients within 24 h of hospital admis-
sion. IM included were: plasma fibrinogen
(PF), C-reactive protein (CRP), sialic acid
(SA), von Willebrand factor (vWF), vascular
endothelial growth factor VEFG, interleukin-6
(IL-6), and NTproBNP. PF levels were obtained
by measuring the plasma fibrin formation rate
by a turbidity assay. The coefficient of varia-
tion was 8%. CRP plasma levels were measured
by nephelometry using a commercial high sen-
sitivity assay (Dade-Behring, Germany). The
coefficient of variation was 4.3%. Total SA plas-
ma levels were measured using a commercial
enzymatic-colorimetric method (Sialic acid
Farbtest, Boehringer Mannheim, Germany).
The coefficient of variation was 3.6%. As an
endothelial dysfunction marker, vWF antigen
levels were measured in an ACL-TOP (3G)
(Instrumentation Laboratory) using latex par-
ticles coated with a polyclonal antibody direct-
ed against VWE. The coefficient of variation
was 7.5%. As well as the angiogenesis markers,
total serum levels of VEGF were determined by
ELISA according to the manufacturer’s instruc-
tions (VEGF Biosource International). The
coefficient of variation was 4.9%. IL-6 serum
levels were determined by ELISA method (High
Sensitivity Human IL-6 ELISA kit, Diaclone).
The coefficient of variation was 3.6%. NT-
proBNP was measured by electrochemilumi-
nescence immunoassays in an Elecsys® 2010
analyzer (Roche Diagnostics, Mannheim,
Germany).
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Statistical analysis

The continuous variables were expressed as
mean + standard deviation. Student’s t-test
was used to analyze the quantitative variables,
while the % test was performed to analyze the
qualitative variables. Pearson’s correlation
was performed for correlations. The normality
of IM was verified by the Kolmogorov-Smirnov
test and the Mann-Whitney U-test. The statis-
tical package used was SPSS®, v. 15.0 (SPSS
Inc. Chicago, I1l, USA).

Results

Baseline characteristics

Patients’ baseline characteristics and treat-
ments are shown in Tables 1 and 2, respective-
ly. SHF patients were significantly older
(7210 vs 63+12 years, P<0.001). The HF-PSF
group included more non-smokers (73.9 vs
38.7%, P<0.001), and patients presented a
higher rate of atrial fibrillation (56.1 vs 21.3%,
P<0.001). Among the etiologies, valvular (46.4
vs 11.5%, P<0.001) and hypertensive etiologies
(20.3 vs 8.2%, P<0.001) were more frequent in

Table 1. Basal characteristics.

HF-PSF patients, while ischemic (39.2 vs
20.3%, P<0.001) and idiopathic dilated car-
diomyopathy etiologies (26.2 wvs 1.4%,
P<0.001) were more frequent in SHF patients.
EF was lower in the SHF group (28+9 wvs
57+4%, P<0.001) and the end diastolic diame-
ter was higher (63+9 vs 49+7 mm, P<0.001).
Differences in patients’ basal treatment were
related to their basic pathologies; nonetheless,
acetylsalicylic acid was the most frequent
treatment in the SHF group (46.6 vs 28.4;
P<0.05), and anticoagulants (24.1 vs 44.8%;
P<0.05) and calcium antagonists (15.5 vs
34.3%; P<0.05) were the most frequent treat-
ment in the HF-PSF group.

Of the general analytical data (Table 1), only
hemoglobin was significantly lower in the HF-
PSF patient group (12.2+2 vs 13.3+2.1 g/dL,
P<0.01). No differences were found in the
remaining ordinary analytical values, includ-
ing the Quick Index or creatinine.

Inflammatory markers

No significant inter-group differences were
found in the IM analyzed (Table 3); only a high
VEGF tendency was found among the SHF
patients (424+323 vs 337+263 pg/mL, P<0.1).
We performed an analysis between the

Sex male (%)* 59 7 42
Age (years)* 68+11 63+12 72+10
AHT (%) 7.5 726 725
Dyslipidemia (%)* 489 58.1 40.6
Diabetes (%) 374 40.3 34.8
Smoking (%) *
Yes 6.8 9.7 43
No 56.8 38.7 73.9
Ex 36.4 51.6 21.7
Permanent AF (%) ** 40 213 56,5
Etiology (%)*
Ischemic 29.2 39.3 -20.3
IDCM 13.1 26.2 -14
Valvular 30.0 115 -464
AHT 14.6 8.2 -20.3
Other 13.1 14.9 -1.6
EF (%)** 43+16 28+9 57+4
EDD (mm)** 56+10 63+9 49+7
PsAP (mmHg) 44+18 44+16 45+19
Glucose (mg/dL) 114+41 112447 115+36
Creatinine (mg/dL) 1.34+0.51 1.38+0.55 1.31+0.48
Total cholesterol (mg/dL) 169+44 168+43 17045
Total proteins (mg/dL) 0.7+0.8 6.7+0.9 6.7+0.6
Sodium (mEq/L) 138+4 138+4 138+3
Hemoglobin (g/dL)* 12.7+2.1 13.3+2.1 12.2+2.0
Quick index (%) 67+28 68+25 6730

HE, heart failure; SHE, systolic heart failure; HF-PSF, heart failure with preserved systolic function; AHT, arterial hypertension; FA, atrial fibril-
lation; IDCM, idiopathic dilated cardiomyopathy; EF, ejection fraction; sPAP, systolic pulmonary artery pressure; EDD, end-diastolic diameter;

RV, right ventricle; differences SHF vs. HF-PSE, *P<0.05.**P<(.001.

[Heart International 2011; 6:e17]

[page 61]



Clinical Investigation XX

patients in functional class III (20 patients) or
IVAV (111 patients) but no significant differ-
ences were found.

Correlations

SA related inversely and significantly with
the end-diastolic diameter in the HF-PSF group
(r= -0.375, P<0.05) (Table 4). The same
occurred in the SH group with hemoglobin (r=
-0.330, P<0.05). We found a positive relation-
ship between NTproBNP and creatinine in
both groups, particularly in the SHF group
(r=0.471, P<0.05). Similarly, creatinine asso-
ciated inversely with hemoglobin in both the
SHF (r= -0.384, P<0.05) and the HF-PSF
(r=0.278, P<0.05) groups.

Discussion

Our results show that there are no signifi-
cant differences in the elevation of certain IM
regarding the type of HF in the acute phase of
HE HF can be classified into two groups
according to the EF: SHF and HF-PSE. Both
groups share many characteristics, but there
are others that clearly differentiate them. Most
of the studies in the field of HF were performed
in patients with SHE. Consequently, while the
prognosis of SHF has improved in the last
decade, HF-PSF prognosis has seen no such
improvement.

Inflammation plays a key role in the phys-
iopathology of HF and many studies have been
conducted in this area; however, these studies
were mainly on patients in stable phase. These
studies have proven that the elevation of IM is
related to severity.

The physiopathology of inflammation within
HF is complex, as many elements contribute to

Table 2. Treatment upon hospital admis-

sion in both groups.

IECA/ARA-II 534 418
Beta-blockers 29.3 224
Antialdosteronics 29.3 224
ASA* 46.6 284
Anticoagulants* 24.1 4438
Nitrates 27.6 17.9
Calcium antagonists* 15.5 343
Digoxin* 15.5 35.8
Furosemide 56.9 53.7
[nsulin 10.3 16.4
Statins* 36.2 20.9
Allopurinol 8.6 3

SHE, systolic heart failure; HF-PSF, heart failure with preserved sys-
tolic function. All the values are expressed as percentages. "P<0.1.
*P<0.05.
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it through the secretion of IM. Thus, in some
studies, rather than focusing on identifying
isolated IM as prognostic factors, a combina-
tion of IM has been investigated.!! Therefore,
awide and varied range of IM have been deter-
mined in the present study with the aim of cov-
ering as many aspects involved in inflamma-
tion as possible.

The first conclusion of this study can be
drawn from patients’ basal characteristics. As
shown in Tables 1 and 2, differences were con-
cordant with other studies!? and were also log-
ical from a physiopathological point of view.

Regarding prognosis, that of SHF is worse
than that for HF-PSF in the stable phase, but
prognosis is the same for the two types when
HF-PSF patients are hospitalized.!* Therefore,
prognosis does not only depend on the EF. On
the other hand, and as already proven by our
group,' inflammation is more related to func-
tional status than to EF.

As shown in Table 3, IM elevation was sig-
nificant in both groups, and 3-4 times higher
than the values from other studies performed
in patients with stable HF13

Fibrinogen is a marker which allows explo-
ration of both the general inflammatory status
and the hypercoagulable state. Multiple stud-
ies have associated this to ischemic heart dis-
ease, although it also increases in other heart
pathologies!617 and in stable phase regardless
of the anticoagulant therapy.!® There were no
differences in the PF, which proves that in this
phase the hypercoagulable state is similar in
both groups.

SA is particularly high in patients with
ischemic heart disease.l® Qur group proved
that SA is also increased in patients with sta-
ble HF of other etiologies,!* as it also occurs in

this study in the acute phase of HE.

The most sensitive and less specific IM is
the CRP. Some groups consider it to be the IM
paradigm.2’ Its chronic and sustained eleva-
tion (>3 mg/dL) has been proven to have neg-
ative prognostic values in multiple diseases,
including HE. CRP is strongly associated with
atherosclerosis and, therefore, to the ischemic
etiology.2! Some studies have shown that there
are no differences in the increase in CRP
between SHF and HF-PSF in stable phases.2
We have found no differences in the acute
phase either. This proves, on the one hand, the
non-specificity of CRP, and on the other that an
increase in CRP seems to be more related to
the function status than to the etiology or the
type of HE.

HF is associated with a marked endothelial
dysfunction and coagulation alterations.?* yWF
is a marker of endothelial dysfunction and
coagulation status. Some studies have demon-
strated a marked elevation of vWF in HF
patients,* but to date no comparison has been
made between patients with SHF and HF-PSE
Nevertheless, we have proved that vWF levels
are remarkably high in our sample and, in
addition, that there is no relationship between
the EF and the type of HE. Both groups present-
ed a similar Quick index, implying that coagu-
lation therapy does not seem to have influ-
enced these results. IL-6 is a cytokine that has
been related to the severity of HF and has prog-
nostic value.?526 [L-6 levels increase with the
functional status of HF patients; therefore, the
levels presented herein were considerably
higher than those published by other authors
involving patients with stable HF, and were
very similar to the subgroups with worse prog-
nosis.2” The association between IL-6 and the

Table 3. Comparison of inflammatory markers between both groups.

PF (mg/dL) 34979 34886 35271
CRP (mg/L) 37.2+475 36.0+46.4 38.8+48.9
SA (mg/dL) 71.8+16.8 71.6+18.2 72.3+15.7
vWF (%) 331127 318+128 347+124
VEFG (pg/mL)* 378+295 424323 337263
IL-6 (pg/mL) 15.5+20.4 16.6+24.8 14.9+15.9
NTproBNP (pg/mL) 69297014 81218526 5453£4262

HEF, heart failure; SHE, systolic heart failure; HF-PSF, heart failure with preserved systolic function; P, plasma fibrinogen; SA, sialic acid; CRP,
C-reactive protein; yYWF, von Willebrand factor; VEGF, vascular endothelial growth factor. No significant differences were observed in any of

the comparisons. Differences SHF vs HF-PSF, *P<(.1.

Table 4. Correlations upon hospital admission.

SA-EDD -0.219* 02204 -0.375*
SA-HB -0.210% -0.330% -0.078
NTproBNP-creatinine 0.408* 0.471* 0.441*
Creatinine-HB -0.311%* -0.384* -0.278*

HEF, heart failure; SHE, systolic heart failure; HF-PSF, heart failure with preserved systolic function; SA, syalic acid; EDD, end diastolic diame-
ter; HB, hemoglobin; sPAP, systolic pulmonary artery pressure. Differences SHF vs HF-PSF, #P<0.1. *P<0.05. **P<(.001.

[Heart International 2011; 6:e17]
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EF has not been clearly determined, as there
are many studies providing contradictory
data.282% In our case, no relationship was
observed in IL-6 whether the EF was higher or
lower than 45%.

In HE, oxygen supply to tissue is reduced.
This stimulates new vessel formation at the
tissue level. VEGF is an angiogenesis marker
believed to be involved in the physiopathology
of HF; it also has prognostic value. VEGF levels
are increased in stable HF patients in compar-
ison with controls.! From all the markers ana-
lyzed, this is the only one in which a signifi-
cant tendency was found. Thus, patients with
SHF have slightly greater values, which may
indicate that these patients present more tis-
sue hypoxia and more angiogenic prolifera-
tion. BNP and its precursor NTproBNP are the
most commonly used markers in HE. We ana-
lyzed NTproBNP as its determination was eas-
ier to obtain than the brain natriuretic peptid.
Both markers have a significant diagnostic
and prognostic value.3*3! In stable HF patients,
those with depressed EF present higher values
of these peptides than patients with preserved
EF8 Iwanaga et al.* found that in patients with
symptomatic HF, BNP was higher in those with
an EF below 50%. However, the functional sta-
tus of 68% of these patients was below II. In
our study, all the patients presented a clear
deterioration of the functional status (func-
tional class = III), and in that context, no dif-
ferences were observed in the BNP and
NTproBNP values regarding the type of HE

In patients with stable HF, multiple correla-
tions between the different IM and echocardio-
graphic and clinical parameters were estab-
lished. SA negatively correlated with the end-
diastolic diameter in patients with HF-PSF, and
with hemoglobin in patients with SHE As no
explanation has been found for this, it is
thought to be a casual correlation. It is logical
indeed that NTproBNP was found to be higher
as creatinine increased and as hemoglobin
decreased. Renal elimination of NTproBNP
causes patients with renal failure to present an
increase in its values. In addition, it has been
proven that anemia acts as an aggravating fac-
tor; therefore, it is normal that NTproBNP con-
centrations in patients with anemia are high-
er. This study has several limitations.
Recruiting patients only admitted to the
Cardiology Unit could have biased the sample.
Our hospital has other units with HF patients,
but these are only those less symptomatic.
Perhaps in our sample there is a profile of
patients with advanced HF. Moreover, a control
group has not been established, but we believe
that there are many studies in the literature in
which the normal range of the analyzed IM has
been established. Therefore, these limitations
do not invalidate the study results.

Conclusions

The main conclusion of this work is that, in
the acute phase of HF, no differences are
observed in the analyzed IM regarding the type
of HF (SHF vs HF-PSF). Further long-term
studies are needed in order to determine when
differences in patients with stable HF appear,
and what prognostic value these differences
may have.
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Postgrau, como articulo complementario.

Vila V, Sales VM, Almenar L, Lazaro IS, Villa P, Reganon E. Effect of oral anticoagulant therapy
on thrombospondin-1 and von Willebrand factor in patients with stable heart failure. Thromb
Res. 2008;121(5):611-5.

71



72




B —

Thrombosis Research (2008) 121, 611-615

THROMBOSIS
RESEARCH
E R intl.elsevierhealth.com/journals/thre
REGULAR ARTICLE

Effect of oral anticoagulant therapy on
thrombospondin-1 and von Willebrand factor in
patients with stable heart failure

Virtudes Vila?, Vicenta Martinez Sales ?, Luis Almenar®,
Ignacio Sanchez Lazaro®, Piedad Villa€, Edelmiro Reganon ®-*

@ Research Center, La Fe University Hospital, Valencia, Spain
® Heart Failure and Transplant Unit, Cardiology Service, La Fe University Hospital, Valencia, Spain
¢ Clinical Pathology Department, La Fe University Hospital, Valencia, Spain

Received 23 March 2007; received in revised form 28 June 2007; accepted 28 June 2007
Available online 10 August 2007

KEYWORDS Abstract
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Oral anticoagulation Introduction: Heart failure (HF) is associated with coagulation activation,
therapy; abnormal inflammation and endothelial dysfunction. High levels of von Willebrand
Endothelial dysfunction; factor (VWF) may manifest endothelial dysfunction and hypercoagulable state. The
von Willebrand factor; haemostatic activity of VWF is a function of multimers size; only large multimers of
Thrombospondin-1 VWF are haemostatically active. Thrombospondin-1 (TSP-1) reduces the average

multimer size of VWF. Patients with HF are in risk of thromboembolic events and
oral anticoagulation therapy (OAT) has been shown to prevent it. This study was
designed to evaluate whether VWF and TSP-1 levels are modified by OAT in stable
HF patients. The effect of OAT on markers of inflammation and coagulation was also
investigated.

Materials and methods: Fifty-nine patients with stable HF were studied and 33
of them received OAT. VWF, TSP-1, fibrinogen, prothrombin fragment 1+2 (F1+2),
tissue factor (TF), D-dimer, endogenous thrombin generation (ETG), C reactive
protein (CRP), tumour necrosis factor a (TNFa) and interleukin 6 (IL-6) were
measured.

Abbreviations: HF, heart failure; VWF, von Willebrandc factor; TSP-1, thrombospondin-1; OAT, oral anticoagulation therapy; F1+2,
prothrombin 1+2 factor; TF, tissue factor; D-dimer, fibrin D-dimer; CRP, C-reactive protein; TNFa, tumour necrosis factor «; IL-6,
interleukin 6; ETG, endogenous thrombin generation.

* Corresponding author. Centro Investigacion, Hospital Universitario La Fe, Avda. Campanar, 21, 46009 Valencia, Spain. Tel.: +34 96
3862797; fax: +34 96 1973018.
E-mail address: reganon_ede@gva.es (E. Reganon).

0049-3848/$ - see front matter © 2008 Published by Elsevier Ltd.
doi:10.1016/j.thromres.2007.06.011

73



74

-

612

V. Vila et al.

Results: Stable HF patients receiving OAT had higher VWF (p=0.02) and lower TSP-1
(p=0.02), ETG and F1+2 (p=0.003) than patients without OAT. However, there were no
significant differences in the levels of fibrinogen, TF, D-dimer, CRP, IL6 and TNFa. The TSP-
1/VWEF ratio in patients receiving AOTwas significantly lower than in patients without OAT

(p=0.005).

Conclusion: OAT may have a dual effect on the haemostatic profile in stable HF by
reducing thrombin generation and increasing the VWF. The decrease of TSP-1 induced
by OAT may be clinically effective in neoangiogenesis. The increase of VWF in patients
receiving anticoagulant treatment may also reflect an effect of OAT on endothelial

dysfunction.

© 2008 Published by Elsevier Ltd.

Introduction

Stable heart failure (HF) is a common final con-
sequence of several cardiomyopathies. The patho-
physiologic mechanism of this disorder is complex. In
recent years, evidence of the importance of inflam-
mation in the HF has emerged, and pro-inflammatory
markers (interleukin-6, tumour necrosis factor, and C
reactive protein) have been found to predict future
heart failure [1,2]. Chronic HF is also associated with
marked endothelial dysfunction and blood coagula-
tion abnormalities [3,4]. Furthermore, high levels of
fibrinogen and high levels of VWF have been related
to advancing HF [5]. Fibrinogen is an acute-phase
response marker associated with acute and chronic
inflammatory processes [6] and with the risk of
cardiovascular disease [7]. VWF is a multimeric
plasma protein with distinct biological functions,
and it plays a critical role in primary haemostasis. Its
haemostatic function depends on the composition of
multimers: only the large multimers forms of VWF are
haemostatically active [8]. This functional impor-
tance of multimer size relates to the affinity of VWF
for its ligands [9]. Modulation of VWF multimer size is,
therefore, critical to the control of its haemostatic
activity. Several previous studies [10-12] have
reported that the multimeric size of VWF can be
controlled in part by TSP-1, which facilities reduction
of disulfide bonds that hold VWF multimers together
[11] and causes a decrease in the average multimer
size of plasma VWF [12].

The endothelial and blood coagulation abnormal-
ities associated with chronic HF may lead to an
increased risk of venous thromboembolism [13].
Many studies have been done to investigate if oral
anticoagulation is of benefit for the prevention of
thromboembolism in HF but the use of this therapy
for HF patients has been controversial subject
[14,15].

This study was designed to investigate whether
circulating levels of VWF and TSP-1 are modified by
oral anticoagulant therapy in patients with stable
heart failure. The effect of OAT on markers of
inflammation and coagulation was also analyzed.

Materials and methods
Patients

Fifty-nine patients with stable HF, older than 35 and younger than
72, were studied. These patients were recruited from the
outpatient cardiac insufficiency clinic, with the HF of more
than one-year duration and with a stable clinical situation;
without admissions to the hospital by decompositions of the
cardiomyopathy, changes in the treatment or in the functional
situation in at least 6 months prior to the inclusion in the study.
The diagnosis of HF was based on patient history, physical
examination, electrocardiogram, echocardiogram and coronaro-
graphy. The functional status was determined according to the
classification of the New York Heart Association (NYHA), in class
I/l and class IlI/IV. The left ventricular ejection fraction
(LVEF <35 %) was determined through the method modified of
Simpson and the Guides of the American Society of Echocardi-
ography. Thirty-three patients received acenocoumarol as oral
anticoagulant therapy (OAT) designed to maintain a prothrombin
time international normalized ratio (INR).

Twenty-two patients were treated with -blockers, 47 with
angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers, 38 with digitalis, and 43 with diuretics.

A control group of 59 healthy subjects of similar age and sex to
the patient group were recruited along with cases from healthy
hospital staff or persons who visited our hospital for medical
checkups. All healthy control subjects had no clinical evidence of
myocardial insufficiency or angina pectoris, no history of ischemic
hearth disease, and normal cardiovascular examination.

The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki. The study was approved
by the Ethics Committee of our institution and written informed
consent was obtained from all patients and controls.

Blood collection

Venous blood samples were obtained between 8 and 10 am, after
a 12-hour overnight fast. Subjects were in a sitting position for
20 min before venipuncture. Blood samples were collected into
BD Vacutainer tubes containing CTAD (sodium citrate, theophyl-
line, adenosine, and dipyridamole). The ratio of anticoagulant
(129 mM sodium citrate) to blood was 1:9 (v/v). Blood samples
collected into dry BD Vacutainer tubes were also obtained. Each
sample was immediately centrifuged at 2000 g for 30 minat 4 °C
to obtain plasma or serum. The samples were tested immediately
or frozen in aliquots at —80 °C until use.

Methods

Fibrinogen plasma levels were obtained by measuring the plasma
fibrin formation rate by a turbidity assay [15]. In brief, 10 ul of a
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solution of human thrombin (25 IU/ml) were added to 490 pl of
diluted fresh plasma (1/50, v/v), and a kinetic study was
performed at 350 nm. The coefficient of variation was 5%.

Prothrombin fragment F1+2 (F1+2) (Enzygnost F1+2 Kkit,
Dade-Behring, Germany), Fibrin D-dimer (D-Dimer) (Asserachrom
D-D, Diagnostica Stago, Roche, Basel, Switzerland) and tissue
factor (TF) (Immubind, Tissue factor ELISA kit, American
Diagnostica, USA) plasma levels were determined by enzyme
immunoassay kits. The coefficients of variation of the F1+2, D-
dimer and TF techniques were 8%, 5% and 10%, respectively.

Endogenous thrombin generation (ETG) was evaluated in
fresh whole blood after adding 12.5 mM CaCl, (final concentra-
tion). ETG was stopped at 20 min by adding 20 mM EDTA (final
concentration). Free thrombin activity was determined using the
chromogenic substrate S-2238 (1 mM final concentration)
(Chromogenix-Instrumentation Laboratory Spa). The coefficient
of variation was 7.2%.

C-reactive protein (CRP) plasma level was measured with a
high sensitivity assays using particle enhanced immunological
agglutination technique (N Latex CRP mono kit with immunone-
phelometry, Dade-Behring, Germany). The coefficient of varia-
tion was 4.3%.

Interleukin-6 (IL-6) and tumour necrosis factor alpha (TNF-«)
plasma levels were determined by commercial ELISA kits (High
sensitivity human IL-6 ELISA kit, Diaclone Research, Besancon,
France and Quantikine HS Human TNF-alpha, R&D Systems,
Minneapolis, USA). The coefficients of variation were 3.6% and
4.2%, respectively.

Von Willebrand factor antigen (VWF) plasma level was
measured in ACL 9000 coagulation analyzer (Beckman-Coulter,
USA) using latex particles coated with a polyclonal antibody
directed against VWF. The coefficient of variation was 7.5%.

Thrombospondin-1 (TSP-1) serum level was quantified by
means of an indirect ELISA. Briefly, the ELISA plate was coated
with TSP-1 (20 pg/ml) obtained in our laboratory from human
platelets. The samples and the TSP-1 standard (Sigma-Aldrich
Co, USA) were incubated overnight with specific polyclonal
antibody for TSP-1 (thrombospondin Ab-8, NeoMarkers Lab
Vision Corporation, USA), then they were added to the washed
ELISA plate, and incubated for 2 h. A horseradish peroxidase
(HRP) conjugated donkey-anti-rabbit IgG (Amersham, England)
was used as a secondary antibody and incubated for 2 h. A
solution of o-phenylenediamine-dihydrochloride (OPD, Sigma-
Aldrich Co, USA) was used as a substrate. The reaction was
stopped with 4 M H,SO,4. Optical density was read in an ELISA
plate reader (Thermo Labsystems). The coefficient of variation
was 4.8%.

Glucose, cholesterol, triglycerides, levels were evaluated by
enzymatic techniques in a Dax-72 autoanalyzer.

Statistical analysis

All continuous variables were checked for normal distribution.
Differences in variables between two groups were compared
using the p values for impaired Student's t test. Chi-square test,
with Yate's correction, was conducted to compare differences in
number of cases in variables between two groups. Two tailed p
values of 0.05 or less were considered statistically significant. All
statistical analyses were performed with the SPSS statistical
package version 11.5, for Windows.

Results

The clinical and biochemical characteristics of HF patients are
shown in Table 1. There was no significant clinical difference
between the patients receiving and not receiving OAT in terms of

the aetiology of HF, blood pressure and routine laboratory
parameters.

The coagulation, inflammation, endothelial dysfunction and
angiogenesis parameters determined in HF patients receiving and
not receiving OAT and control group are shown in Table 2. The two
treatment groups of patients exhibited significantly higher levels
of fibrinogen, CRP, TNFa and VWF than control group. In patients
receiving OAT, there was seen significantly lower levels of ETG,
F1+2 and TSP-1 than controls. When the HF patients were
divided based on OAT, significantly higher levels of VWF (p=0.02)
were observed in-patient receiving OAT, who also had signifi-
cantly lower levels of ETG (p=0.003), F1+2 (p<0.0001), and TSP-
1 (p=0.02). In the group of patients who were not treated with
OAT, aspirin was the drug selected, and to eliminate the effect
that it could have on the increase of VWF and TSP-1 levels, the
patients without OAT were divided on the basis of aspirin
treatment. We found that there were not significant differences
in the levels of VWF (14979 vs. 161+61 %; p=0.67) and TSP-1
(48+16 vs. 40+11 pg/ml; p=0.18) in patients treated with
aspirin versus non treated patients. There were no significant
differences in the rest of studied variables.

In order to assess the effect that OAT has on the haemostatic
activity of VWF and according to several previous studies (10—
12), we have calculated the TSP-1/VWF ratio in our patients and
control subjects. The results obtained show that the value of

Table 1  Clinical and laboratory parameters in 59
stable heart failure patients, 33 patients receiving
OAT and 26 patients not receiving OAT

Patients Patients not p
receiving  receiving
OAT OAT
(n=33) (n=26)
Age (years) 56+8 58+9 0.35
(35-69) (37-72)
Males (n) 27 25 0.12
Etiology
Ischemic (n) 12 16 0.10
Dilated (n) 16 9 0.42
Valvular (n) 5 1 0.32
Smoker (n) 2 1 0.70
Diabetes (n) 11 7 0.81
Hypertension (n) 10 9 0.94
Body max index 27+5 26+3 0.37
(kg/m?)
Lipid lowering 12 10 0.87
treatment (n)
Aspirin treatment (n) 4 14 0.002
Laboratory
Total cholesterol ~ 190+37 186+38 0.86
(mg/dl)
HDL-cholesterol 45+13 42+7 0.29
(mg/dl)
LDL-cholesterol 112432 122+33 0.25
(mg/dl)
Triglycerides 140+ 65 168+107  0.22
(mg/dl)
Glucose (mg/dl) 119+ 68 127 +50 0.62

Values are expressed as mean+SD, range in parenthesis, or
number of cases. p, p-values for Student t test and Chi-square
test (with Yate's correction). OAT, oral anticoagulant therapy.
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TSP-1/VWF ratio in the group of patients receiving AOT was
significantly lower (0.21+0.13) than in the patients without OAT
(0.37+0.28, p=0.005) and than in the controls subjects (0.64 +
0.51, p=0.0001) (Table 2). The value of TSP-1/VWF ratio in
patients without OAT were also significant lower than the values
in control subjects (p=0.01).

Discussion

The results of this study have confirmed the
presence of high levels of inflammatory markers,
such as fibrinogen, CRP, IL6 and TNFa, and
endothelial dysfunction marker, VWF, in stable HF
[1-7]. These abnormalities, along with others,
persisted in the patients receiving OAT. We also
found that patients receiving OAT had elevated
plasma levels of VWF, and decreased TSP-1, ETG and
F1+2 as compared with patients not receiving OAT.
The increase of inflammation markers IL-6, TNF«
and CRP observed in our patients was not significantly
modified by the anticoagulant treatment. Neverthe-
less, in accordance with the previous results, ours
patients, with and without OAT, had higher levels of
fibrinogen, which has been identified as a major
independent risk factor for cardiovascular disease
persisting the risk of thrombotic event [7,17,18].
The analysis of the coagulation parameters in our
patients receiving OAT indicated a decrease of the
hypercoagulable state as it was previously described
in chronic HF patients [13,14,16]. Patients treated
with OAT showed efficiently reduced the markers of
thrombin generation (F1+2) and endogenous throm-
bin generation (ETG). The association between OAT
and low levels of thrombin generation markers has
been previously described [16,19]. However, anal-
ysis of D-dimer and TF, markers of coagulation
activation, did not show significant decreases

between stable HF patients receiving and not
receiving OAT, and they did not show significant
differences within the control group.

Elevated levels of VWF were observed in the two
groups of our stable HF patients in according with
previously reported data [16,20-22]. In addition to
its important functions in haemostatics, VWF has
attracted considerable interest as predictor of
cardiovascular disease [20,23,24]. In HF, high levels
of VWF have been associated with hypercoagulable
state [21] and endothelial dysfunction [22] and were
predictive of adverse outcomes in these patients
[25]. In our patients, we found higher VWF levels in
those receiving OAT than in those who were not.
This fact indicates the possible effect of oral
anticoagulation on endothelial dysfunction. OAT
was also associated to a decrease of TSP-1 levels.
In this sense, it has been reported that interference
with the release of cellular stores of TSPs may be
clinically effective in augmenting neoangiogenesis
[26]. Furthermore, TSP-1 is a multifunctional gly-
coprotein that possessed VWF reductase activity
[11] that it can control the cleavage of the disulfide
bonds that hold VWF multimers together [12]. The
multimer distribution of VWF in plasma is regulated
by ADAMTS13, a metalloprotease with TSP type 1
repeat that cleaves the ultra-large form of VWF by a
single proteolysis [27]. These findings indicate that
TSP-1 and ADAMTS13, influences VWF multimeric
size and therefore the haemostatic activity of VWF
[10-12]. The ratio of the circulating levels of TSP-1
and VWF inversely reflect the size of VWF multimers
[10]. In our patients, it was observed that OAT
affected TSP-1/VWF ratio and it was significantly
lower in the HF patients with than without OAT. The
increase of VWF may directly influence the

Table 2 Coagulation, inflammation and endothelial dysfunction parameters in 33 stable HF patients receiving OAT,
26 stable HF patients not receiving OAT and 59 control subjects

Patients receiving OAT Patients not receiving OAT Control P1 P2 P3

(n=33) (n=26) (n=59)
Fibrinogen 312+ 68 295+59 249 +43 0.33 <0.0001 <0.0001

(mg/dl)

ETG (IU/ml) 8.2+3.4 11.2+3.6 11.5+£4.6 0.003 0.0009 0.77
F1+2 (nmol/L)  0.41+0.19 0.88+0.32 0.99+0.30 <0.0001 <0.0001 0.15
D-dimer (ng/ml)  148+105 182+123 171130 0.28 0.41 0.72
TF (ng/ml) 197 +101 218+108 179+72 0.46 0.33 0.056
CRP (mg/L) 7.7+10.5 6.1+7.7 1.7+2.1 0.53 <0.0001 <0.0001
TNF-a (pg/ml) 1.6+0.7 1.9+1.7 0.88+0.32  0.39 <0.0001 <0.0001
IL-6 (pg/ml) 3.9+8.1 4.1+8.7 1.8+1.5 0.93 0.067 0.062
VWF:Ag (%) 222+116 159172 104 +51 0.02 <0.0001 0.0002
TSP-1 (ng/ml) 3611 44 +14 47 £13 0.02 0.0002 0.35
TSP-1/VWF:Ag 0.21+0.13 0.37+0.28 0.64+0.51 0.005 0.0001 0.01

P1, stable HF patients receiving OAT vs. HF patients without OAT; P2, stable HF patients receiving OAT vs. control; P3, stable HF

patients without OAT vs. control.
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possibility of a thrombotic event, as suggested by
the association of VWF levels with an increased risk
of ischemic heart disease (20,23,24).

Conclusion

OAT may have a dual effect on the haemostatic
profile of stable heart failure patients by reducing
thrombin generation and increasing the VWF. The
decrease of TSP-1 induced by OAT may be clinically
effective in augmenting neoangiogenesis. The in-
crease of VWF in patients receiving anticoagulant
treatment may also reflect an effect of OAT on
endothelial dysfunction.
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Discusion conjunta

La inflamacidn, la alteracién de la coagulacion y la disfuncién endotelial son tres
procesos basicos en el desarrollo y mantenimiento de la IC [34, 40]. Estos tres mecanismos
no son independientes, sino que existen puntos y vias en comun que hacen que se influyan
mutuamente. Como se ha comentado en la introduccién, en los ultimos afios se han
producido grandes avances en el conocimiento de estos procesos en la IC, aunque todavia

quedan aspectos por aclarar en cada uno de los mismos.

El objetivo de esta tesis doctoral ha sido el estudio de los procesos de la inflamacién,
coagulacion y disfuncion endotelial en la IC, explorando aspectos no estudiados hasta la
fecha en cada uno de estos campos. De esta forma, la estructura de la discusion de esta Tesis
Doctoral se plantea analizando los hallazgos de cada uno de los articulos en cada &mbito de

estudio.

Inflamacion

En el Articulo 1 se compard el grado de inflamacién en una poblacién de 59
pacientes ambulatorios con IC de diferentes etiologias. Los principales objetivos de este

estudio fueron los siguientes:

e Cuantificacion de la inflamacion mediante el anélisis de determinados Ml (PCR,
TNF-q, fibrindbgeno proteico y acido sialico).

e Busqueda de diferencias en el proceso de la inflamacion segun la etiologia de la IC.

e Establecer correlaciones entre los diferentes Ml con la fraccion de eyeccion y el

estadio funcional.

La eleccion de los MI en este Articulo 1 se realizd en base a que ya eran Ml

conocidos y con estudios previos que demostraban su implicacién en la IC [24]. Los dos
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primeros (PCR y TNF-a), y segun la literatura disponible, podian considerarse M| “més
generales” en la IC con independencia de la etiologia, mientras que tanto el FP como el AS, y
seguln apuntaban estudios previos, eran mas especificos de la etiologia isquémica [49]. Junto
a esto, la reproducibilidad, experiencia del grupo y el coste de las determinaciones
influyeron también a la hora de seleccionar estos MI, ya que el propésito era estudiar Mi

accesibles a la mayor parte de la comunidad médica.

En un primer analisis se comparo el grado de inflamacién de los 59 pacientes frente
a controles sanos. Como ya se sabla, los pacientes con IC, pese a ser ambulatorios y
encontrarse en una fase de estabilidad clinica (sin descompensaciones en los seis meses
previos), presentaban valores mas elevados de todos los Ml analizados. Los primeros
estudios sobre inflamacién e IC se realizaron en pacientes ingresados y en aquellos
ambulatorios pero con peor situacion funcional. Posteriormente se publicaron trabajos,
incluidos los basados en el estudio Framinghan, que demostraban que en pacientes sin
evidencia de enfermedad, la elevacién de determinados MI constituia un factor de riesgo
para el desarrollo de IC [25]. Entre ambas poblaciones de estudio, quedd aquélla constituida
por pacientes con IC pero estables, sobre los que apenas se han realizado estudios. Los
resultados de este estudio demuestran que no solo existe una mayor activacién de la
inflamacién en estos pacientes, sino que ésta, y siempre por los valores de los Ml analizados,

es muy elevada pese a encontrarse clinicamente estables y éptimamente tratados.

El segundo aspecto a destacar del Articulo 1 es el que hace referencia a la etiologia
de la IC. Los pacientes objeto de estudio se dividieron en tres etiologias, a saber, isquémica,
miocardiopatia dilatada idiopatica y una misceldnea. Es cierto que tras esta division los
grupos estaban constituidos por pocos pacientes, pero no se observd ningun tipo de
diferencia en los Ml analizados en funcién de la etiologia de la IC. Estas diferencias no se
observaron ni siquiera en aquellos MI, como el FP y el AS, que segun estudios previos
deberian encontrarse mas elevados en aquellos pacientes de etiologia isquémica [50, 51]. El
periodo de estabilidad de seis meses podria explicar en parte este hecho, ya que implicaba
la exclusion también de eventos isquémicos, momento en el que, seguin apuntan algunos
estudios, se produce la mayor elevacion de estos MI. Por otro lado, el FP refleja también el
estado de la coagulacion, proceso que se ve alterado en la IC con independencia de la

etiologia de la misma. La elevacion del AS en el resto de etiologias es un aspecto no



demostrado hasta la fecha, pero podria estar en relacién con la disfuncién microvascular que
se produce en cualquier tipo de IC, que propicia la ruptura de los hematies y la liberacion del
AS a la sangre [52]. Junto a esto hay que destacar que la ausencia de diferencias en los Ml
analizados entre las diversas etiologias apunta a que los mecanismos neurohormonales por

los que se perpetua la IC, son similares en todos los pacientes.

Hasta la publicacion de este estudio, apenas existian trabajos que comparasen la
relacion de los Ml con el estadio funcional y la fraccidn de eyeccion. Clasicamente, la mayoria
de estudios de este tipo, incluian Unicamente pacientes con fraccidén de eyeccion (FE) muy
deprimida, excluyendo los menos afectados (>35% de FE) [23]. En el Articulo 1, el criterio de
inclusion fue clinico, y no determinado por la FE como sucede en trabajos previos, por lo que
el rango de FE fue mayor. Para el analisis del estadio funcional (EF) se dividié a los pacientes
en dos grupos, a saber, EF | y Il por un lado y Il y IV por otro. Aunque débil, y sélo con dos
MI (FP y TNF-a) se obtuvo una correlacién entre los Ml y el EF, y no con la FE determinada
mediante ecocardiografia. La determinacién del EF presenta muchas limitaciones y en
ocasiones es dificil de cuantificar, pero también es cierto que la FE no siempre es
cuantificable de forma precisa. Los resultados obtenidos en el Articulo 1 refuerzan la
importancia de la clinica en el seguimiento de estos pacientes y avalan decisiones tales
como la de encaminar a pacientes hacia el trasplante cardiaco en funcion de su

sintomatologia, y no de la cifra de su FE.

En el Articulo 3 se analizd el grado de inflamacién de pacientes con IC aguda, pero
comparando aquellos que presentaban IC con funcién sistolica deprimida o conservada.
Como se comentd en la introduccion, ambos tipos de IC tienen muchas diferencias clinicas
(edad de presentacién, sexo mas afectado, comorbilidades...) y especialmente en lo que a
fisiopatologia se refiere, pero también comparten muchas similitudes (prondstico,
sintomatologia...) [53]. Respecto al tratamiento, y con excepcidén de los in6tropos que se
utilizan casi exclusivamente en pacientes con FE <35%, el tratamiento en la fase aguda y en
la crénica es muy similar en ambos subgrupos, pese a que la practica totalidad de la

evidencia cientifica se hay realizado en la ICS [54].

Desde el punto de vista de la inflamacion, sucede algo similar a con el tratamiento,
la mayoria de estudios se han realizado en la ICS. Es por ello que los trabajos cientificos en
pacientes con ICFSP sean escasos, y mas aun en lo que se refiere a la comparacion de ambos

tipos de IC entre si.
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Los MI analizados en el Articulo 3 comprendieron marcadores de inflamacion
generales (PCR, IL-6, FP, AS), especificos de la IC (NTproBNP), otros centrados en el estudio
de la coagulacién (FP, FvW) y finalmente dos de disfuncion endotelial (FYW y  VEFG). En
ninguno de ellos se observo diferencias entre ambos grupos en la fase aguda, ni tan siquiera
en los niveles del NTproBNP. Este marcador es actualmente de referencia en IC, por lo que la
ausencia de diferencias significativas entre los dos grupos va en la direccion de que en la

fase aguda de la IC, ambos subgrupos son muy similares [55].

El anélisis de tan variados Ml se realizd para comparar lo mas ampliamente posible
los procesos de la inflamaciéon, coagulacién y disfuncion endotelial en ambos grupos,

demostrando la ausencia de diferencias en los tres marcadores analizados.

El objetivo principal del Articulo complementario fue el estudio del efecto de la
anticoagulacién oral (con antagonistas de la vitamina K) en pacientes con IC estable. Se
analiz6 en 59 pacientes y otros tantos controles diferentes pardmetros de la coagulacién.
Junto con los marcadores de coagulacion estudiados, se determind también la PCR, el TNF-
qa, el fibrindgeno y la IL-6 como representantes de la inflamacién. No hubo diferencias en
estos Ml entre aquellos pacientes que recibian anticoagulacién oral y los que no, aunque
como era de esperar, en ambos grupos se encontraron més elevados que en el grupo de
controles sanos. Aunque no resulte un hallazgo muy llamativo, estas conclusiones no habian
sido publicadas hasta la fecha. Al estar interrelacionados los sistemas de la inflamacién,
coagulacion y disfuncidn endotelial, era posible que la influencia sobre uno de ellos afectara
tal vez a los otros sistemas, pero no fue asi. El fibrindgeno es el Ultimo paso en la cascada de
la coagulacion, pero a pesar de esto son pocos los estudios que han analizado el efecto de la
anticoagulacién sobre este marcador. En teoria, la anticoagulacién a largo plazo deberia
disminuir los niveles de fibrindgeno en cualquier tipo de pacientes, pero algunos estudios en
pacientes con IC [56] han demostrado que no es asi, sino que puede incluso aumentar. El
hecho de que aumente, o por lo menos no disminuya el fibrinbgeno en estos pacientes
puede explicarse por su papel como reactante de fase aguda y por la activaciéon continua

que sufre en la IC.



Coagulacion

Uno de los motivos por los que se escogid el FP como MI en el Articulo 1 fue su
doble vertiente como Ml y de la coagulacién. Estudios previos habian demostrado que los
pacientes con cardiopatia isquémica y fibrilacion auricular, no sélo presentaban mayores
niveles de FP, sino que aquellos pacientes con niveles mas altos, tenian un mayor nimero de
eventos isquémicos/embdlicos y por ello, peor pronodstico vital [57, 58]. En nuestro estudio
no encontramos diferencias significativas en los niveles de FP entre los tres grupos. Existen
varias posibles explicaciones para este hecho. Entre estas razones se encuentran el reducido
tamafo de la muestra de nuestro trabajo, la necesaria estabilidad clinica de los pacientes (lo
gque descartaba eventos isquémicos recientes) y principalmente a que el 34% de los
pacientes del grupo de MCDi presentaban fibrilaciéon auricular. Como se ha comentado
previamente, la fibrilacion auricular es un factor que por si mismo ha demostrado alterar la

coagulacion en pacientes sin otra cardiopatia, pudiendo haber alterado los resultados.

Los pacientes con IC y en ritmo sinusal, presentan ya de por st mayor riesgo de
fendmenos tromboticos que la poblacion sana [59], con lo que no es de extrafiar que
aquellos con fibrilacidon auricular sean mas propensos a este tipo de complicaciones [60].
Este incremento del riesgo se recoge en los diferentes algoritmos empleados para decidir si
se debe anticoagular a pacientes con esta arritmia [61]. Como se observa en este trabajo y
en otros similares, parte del aumento del riesgo puede explicarse por la inflamacidn que se
produce en la IC y que se acompafia de una activacién mantenida de la cascada de la
coagulacion. Esta activacion continua conlleva un estado procoagulante con niveles mas

elevados de alguno de sus productos finales como el FP [62, 63].

Al igual que con el TNF-a, el FP se encontré maés elevado en aquellos pacientes con
peor EF, y se obtuvo una correlacion débil pero significativa con el EF. No obtuvimos
correlacién con la FE determinada mediante ecocardiografia. Esta disparidad entre clinica y
datos ecocardiograficos se ve a diario en la clinica, y asi es frecuente encontrar pacientes con
FE del 10% y EF | y otros en cambio con FE del 30% y EF IV. Esta correlacién tampoco se
habia comunicado en articulos previos, y vuelve a poner el acento en la clinica frente a la

solicitud de pruebas complementarias que muchas veces realizamos por practica rutinaria.

En el Articulo 3 el marcador de coagulacién analizado fue igualmente el FP. La

fibrilacidn auricular permanente fue mas frecuente en el grupo de ICS, pese a que el uso de
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anticoagulacién cronica (la indicacion principal fue la fibrilacion auricular paroxistica) fue
mas frecuente en el grupo de ICFSP. Pese a estos datos, no hubo diferencias entre ambos
tipos de IC en lo que a niveles de FP se refiere, lo que corrobora los datos del resto de Ml
sefialando que en la fase aguda de la IC no existen diferencias tampoco en la alteracién de la
coagulacion. Estos datos han sido confirmados clinicamente por el estudio Loire Valley Atrial
Fibrillation Project, en el que se observd que en pacientes con fibrilacién auricular no

valvular, la tasa de eventos embolicos era similar en aquellos pacientes con ICS o ICFSP [64].

Hay que destacar que si bien no se traté de la misma poblacién de estudio, los
niveles de FP fueron mucho mas elevados en los pacientes con descompensacion aguda que
en los pacientes del Articulo I que se encontraban estables. Este dato puede explicar en
parte el mayor riesgo de fendmenos trombdticos/ embodlicos en la fase aguda de pacientes

ingresados por IC con independencia del tipo de IC [63, 65].

Como se observa en el Articulo complementario, la anticoagulacion oral con
antagonistas de la vitamina K disminuyé de forma significativa Unicamente algunos factores
de los que intervienen en la cascada de la coagulacion. Asi, Unicamente el fragmento F 1+2
de la protrombina disminuyé de forma significativa con la anticoagulacion, mientras que
tanto el FP, los D-dimeros como el factor tisular no se modificaron con esta terapia. Estos
hallazgos pueden explicar por qué los pacientes con IC e indicacion de anticoagulacion, a
pesar de ésta, siguen sufriendo mayor numero de eventos trombdticos que el resto de la
poblacién anticoagulada por la misma indicacion. Estos resultados del Articulo
complementario ayudan a explicar por qué tanto en el Articulo 1 como en el Articulo 3 no
hubo diferencias en el FP en los diferentes grupos a pesar de la tasa de anticoagulacién tan

diferente.

Disfuncion endotelial

El endotelio es mas que una simple ldmina de células con efecto barrera, pues esta
implicado en la homeostasis de numerosos proceso a través de la liberacion de diversas

substancias como el 6xido nitrico [66].

La DE es un proceso conocido desde hace tiempo en la IC, pero no ha sido hasta

hace poco que ademas se ha implicado en la fisiopatologia de la misma. Hasta la publicacién



de articulos como los de Freestone [67], la DE se consideraba que era una consecuencia de
la IC, especialmente en fases avanzadas de la enfermedad. Tras estos articulos en los que se
observé que la DE estaba ya presente en fases precoces de la enfermedad, y que tenia una

implicacion fisiopatologica con la IC, la DE gand protagonismo.

En el Articulo 2 se evalué diferentes marcadores de DE en una misma poblacién de
pacientes con IC. Dicho analisis se realizd6 primero en la fase aguda de la enfermedad y
posteriormente, y en los mismos pacientes, en una fase de estabilidad clinica (tres meses tras
el alta). Ambas fases de la enfermedad se compararon con controles sanos ajustados por

edad y sexo.

El andlisis de la DE se realiz6 mediante la determinacién de marcadores de DE
clasicos (factor von Willebrand y e-selectina), marcadores de angiogénesis (factor de
crecimiento vasculo-endotelial y la trombospodina) y un pardmetro novedoso de DE, las
células endoteliales circulantes. Estas células, y segun apuntaban algunos estudios [67],

presentaban mayor sensibilidad para el diagndstico de la DE.

El principal valor de este Articulo fue no sélo el analisis de la DE de forma
prospectiva en la misma poblacion de pacientes con IC, sino también su correlacién con
marcadores de DE ya conocidos y validados. Hasta este Articulo, se habia comunicado la
validez de las CEC y su relacidén con la DE que se produce en numerosas enfermedades,
incluida la IC, pero no se habia hecho una correlacién de este tipo ni evaluado su evolucién

en estos pacientes.

El FYW ha sido considerado hasta hace poco tiempo como un marcador de
referencia para el estudio de la DE [41]. Entre las limitaciones que presenta se encuentran el
ser un marcador de DE indirecto y estar implicado en otros procesos biolégicos, como la
coagulacion. Como se demuestra en el Articulo complementario, la anticoagulaciéon en
pacientes con IC aumenta los niveles de FvW y trombospondina. Es en este tipo de pacientes
donde de forma practica se demostraria la superioridad de las CEC frente a otros marcadores
de DE, pues al ser marcadores de dafio directo, su nivel no se veria afectado por este tipo de

tratamientos.

En el Articulo 3 también se analizaron diversos pardametros de DE, en concreto el

FVW y el VEGF. Al igual que en otros ambitos de estudio, apenas existe en la literatura
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trabajos que hayan evaluado la DE en pacientes con ICFSP, y menos aln una comparacion
con la ICS. En este Articulo se analizé la DE mediante marcadores clasicos pero validados por
estudios previos. Los resultados concluyeron que en la fase aguda de la IC, al igual que con
la inflamacién y la coagulacién, no existen diferencias entre ambos tipos de IC segin los
marcadores analizados. Como se ha demostrado en el Articulo complementario, \a
anticoagulacién puede influir en los valores de FvW, ahora bien, pensamos que este hecho
no afectd a los resultados ni a las conclusiones porque en nuestro caso el indice de Quick

fue muy similar en ambos grupos.

En este mismo Articulo 3, ademas de demostrarse unos valores muy altos de ambos
marcadores de DE, no se encontré correlacién tampoco con la FE, apoyando la teoria de que
la DE es independiente de ésta y probablemente se correlacione més con el estado clinico

del paciente.



Limitaciones

La presente tesis doctoral la componen tres articulos fundamentales y otro
complementario, enmarcados dentro de una misma linea de investigacién. Es por ello que
una de las principales limitaciones de esta tesis es que los pacientes estudiados en los
diferentes trabajos poseian caracteristicas similares entre si pero no eran exactamente los
mismos. Esto, mas que afectar a los resultados de cada articulo, ha podido influir a la hora de

la comparacion de los resultados entre los diferentes trabajos.

Tanto los articulos fundamentales como el complementario tienen un tamafio
muestral pequefio. Muchos de los resultados obtenidos no se han visto afectados por este
hecho, pero st que ha podido afectar a determinadas comparaciones y correlaciones entre

grupos.

Los diferentes articulos poseen resultados lo suficientemente claros para su toma en
consideracion, y por ello las limitaciones pensamos que no invalidan los resultados ni las

conclusiones obtenidas.
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Conclusiones y aplicabilidad de los resultados

En el ambito de inflamacion y la IC hemos obtenido varias conclusiones:

Los pacientes con IC ambulatoria, a pesar de estar estables clinicamente, presentan
parametros de inflamacién mas elevados que en un grupo ajustado de sujetos
sanos. (Articulo 1).

El grado de inflamacién en pacientes con IC ambulatoria es independiente de la
cardiopatia de base. (Articulo 1).

En este mismo tipo de pacientes, la elevacion de los marcadores inflamatorios se
correlaciona mejor con el estadio funcional de los mismos que con parametros
obtenidos de pruebas complementarias como la fraccidn de eyeccion. (Articulo 1).
No existen diferencias en el grado de inflamacidon en pacientes ingresados por
descompensacion de su IC, segun el tipo de IC del que se trate (fraccion de eyeccidon
deprimida o fraccidn de eyeccion conservada). (Articulo 3).

En el campo de la coagulacién, las principales conclusiones extraidas de los
diferentes trabajos son las siguientes:

La etiologia de la IC no afecta a la alteracidén de la coagulacién que se produce en
pacientes con ICS y estables (Articulo 1).

No existen diferencias en la alteracién de la coagulacién que se produce en la fase
de descompensacién de pacientes con ICS o ICFSP (Articulo 2).

La anticoagulacion oral con antagonistas de la vitamina K apenas normaliza la
activacién del sistema de la coagulacion que se produce en pacientes con IC
(Articulo complementario).

En lo relativo a la disfuncion endotelial en la IC las conclusiones que hemos
obtenido han sido las siguientes:

Las CEC se elevan de forma notable en pacientes ingresados por IC (Articulo 2).

El nivel de las CEC disminuye con la estabilizaciéon de la IC, pero persiste mas
elevado que en sujetos sanos (Articulo 2).

Los niveles de CEC se correlacionan con parametros mas clasicos y establecidos de
disfuncién endotelial como son el factor von Willebrand y el factor de crecimiento

vasculo-endotelial (Articulo 2).

89



90

De los resultados de los trabajos que se han expuesto en esta tesis doctoral se
derivan varias posibles aplicaciones practicas:

La inflamacién en la IC estable se relaciona mas con el estadio funcional que con
pruebas hasta ahora tan imprescindibles como la determinacién de la fraccion de
eyeccién. Este dato enfatiza la importancia de un seguimiento mas clinico de los
pacientes con IC frente a un seguimiento basado en la determinaciéon de pruebas
complementarias.

Los pacientes ingresados por IC presentan un grado de inflamaciéon similar tanto si
se tratan de pacientes con fraccion de eyecciéon deprimida como conservada, por lo
que el tratamiento debe ser igual de precoz y agresivo en ambos casos, frente a la
creencia de que los pacientes con ICFSP representaban una forma menor y mas
banal de IC.

En la IC existe una disfuncién endotelial conocida desde hace tiempo. Hasta ahora
los pardametros por los que se cuantificaba dicha disfuncion eran indirectos. Las CEC
suponen un método de medicidn mas directo y preciso del dafio endotelial. La
constatacién de que este nuevo parametro se correlaciona con los marcadores
clasicos permitira que en el futuro la técnica de eleccidén para la determinacion de la

disfuncién endotelial sea la determinacién de CEC.



Anexos

Métodos de laboratorio

En este apartado se detallan con maés precision las técnicas empleadas para la
determinacién de los diferentes marcadores inflamatorios, de coagulacién y de disfuncion

endotelial tratados en esta tesis.

Muchos de los marcadores estudiados se analizaron mediante kits comerciales que
empleaban el método ELISA-sandwich. Este tipo de ELISA es el mas utilizado ya que tiene
mayor sensibilidad que los ensayos en los que el antigeno se une directamente a los
anticuerpos inmovilizados en la fase sélida. En este tipo de ensayo los pocillos de las
microplacas estan recubiertos de un anticuerpo especifico de captura en exceso quedando
ast retenido el antigeno que deseamos cuantificar tras una incubacién. Cualquier sitio libre
quedarad bloqueado por una proteina que no interfiere en la cuantificaciéon tal como la
albimina. Tras un lavado se adiciona un segundo anticuerpo especifico en exceso que
generalmente difiere un poco del primer anticuerpo. Este anticuerpo puede estar conjugado
con biotina o con una enzima. Posteriormente se realiza un lavado para eliminar el exceso
de anticuerpo no unido al antigeno y se aflade un sustrato adecuado al enzima utilizado.
Tras la incubacion se mide el grado de hidrolisis del sustrato. La cantidad de sustrato
hidrolizado sera proporcional a la cantidad de enzima unida al pocillo la cual sera

proporcional a la cantidad de antigeno en la muestra.

PCR

Los niveles de proteina C reactiva (PCR) se determinaron mediante un test de alta
sensibilidad usando técnicas de aglutinacién inmunolégica aumentada. (N Latex CRP mono
kit, Dade-Behring, Germany). El coeficiente de variacién fue del 4,3% y la sensibilidad del

método 0,3 mg/L.
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Acido Sidlico

Los niveles plasmaticos de acido sidlico se determinaron usando un método enzimatico-
colorimétrico comercial  (Sialic Acid Farbtest, Boehringer, Mannheim, Alemania). La

sensibilidad fue de 19 mg/dly el coeficiente de variacién fue del 3,6%.

Cuantificacion de la generacion endogena de trombina

Las muestras destinadas para la cuantificacidén de la generacién de trombina (GET)
fueron recogidas con anticoagulante citrato trisoédico 0,109 M, en tubos de plastico
Vacutainer (BD Diagnostics). Posteriormente se centrifugaron a 1.500g, durante 30 minutos y
a 4°C para la obtencién del plasma con microparticulas y plasma libre de plaquetas (PLP). La
GET se midi6 por el método de trombograma calibrado automatizado (CAT,
Thrombinoscope BV), en las diferentes muestras de plasma. La GET se activé por la adicion
de 20uL Cl2Ca (12,5mM), 20uL de sustrato de trombina fluorogénica (Thrombinoscope BV) y
20uL de calibrador a 80uL de plasma. La trombina generada se midi6 en un lector de
fluorescencia (Fluoroskan Ascent, Thermo Labsystems) a 390/460 nm. Se obtuvieron curvas
de generacion de trombina que se calcularon con el software de Thrombinoscope
(Thrombinoscope BV) de las que se analizaron tres parametros: tiempo de latencia (min)
(fase de iniciacion de coagulaciéon), potencial endégeno trombina (nM x min.) y pico de

trombina (nM). El coeficiente de variaciéon fue de 7,2%.

Células endoteliales circulantes

Las células endoteliales circulantes (CEC) se aislaron a partir de sangre entera a 4°C
con un anticuerpo monoclonal recubierto con Pan-Mouse M450 Dynabeads (Dynal, Olso,
Norway) y dirigido frente al antigeno endotelial CD-146. Para evitar uniones no especificas
de leucocitos al CD-146 recubierto, tras el aislamiento inmunomagnético, las células se
incubaron durante 1 h en oscuridad, con lecitina marcada con FITC de europaeus UEA1l
(Sigma-ALDRICH, Inc). Asi se confirmé la naturaleza endotelial de las células. Estas muestras

se lavaron, suspendieron en tampdn y se contaron mediante microscopia de fluorescencia



usando una camara Nageotte. Se consider6 que la célula que se observaba era CEC si era
nucleada, tenia una longitud >10 um, y tenia unidas mas de 5 esferas marcadas con UEA-1.
Los conglomerados se contaron como una sola célula. El nimero de CEC se expresé como
células por mililitro de sangre. La reproducibilidad del test se determind mediante la
realizacién de 6 determinaciones de 10 muestras diferentes. El coeficiente de variacién fue
del 12%.

E-Selectina

Los niveles plasmaticos de este marcador se determinaron mediante kits comerciales
de ELISA-sandwich (R&D Systems), con una sensibilidad de 0,027 ng/ml y un coeficiente de

variacion del 6,5%.

Factor de crecimiento vasculo endotelial

Este marcador, también conocido por sus siglas en inglés VEFG se analizd
igualmente mediante un kit comercial tipo ELISA-sandwich (Biosource), con una sensibilidad

de 5 pg/mly un coeficiente de variacién del 4,9%.

Fibrinbgeno

Los niveles plasmaticos de fibrindgneo se obtuvieron midiendo la tasa de formacién
de fibrina por el método de turbidimetria. En resumen, se afiadié 10 pl de una solucion de
trombina humana (25 IU/ml) a 490 ul de plasma diluido (1/50, ev/v), y el estudio cinético se

realizd a 350 nm. La sensibilidad fue de 10 mg/dly el coeficiente de variacidon fue del 8%.
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Dimeros D de fibrina

Su cuantificaciéon se realizé utilizando un kit comercial (Asserachrom D-D,

Diagnostica Stago, Roche, Basilea, Suiza). El coeficiente de variacion del método fue del 5%.

Fragmento 1+2 de protrombina

Su cuantificacidon se realizd mediante un kit comercial (Enzygnost F1+2 kit, Dade-

Behring, Alemania). El coeficiente de variacion fue del 8%.

Interleuquina 6

Se realizd mediante un kit comercial segin el método ELISA-sandwich (High
sensitivity human IL-6 ELISA kit, Diaclone Research, Besancon, Francia). La sensibilidad fue de

0,8 pg/ml El coeficiente de variacién fue del 10%.

Factor de necrosis tumoral Alfa

Se realizd6 mediante un kit comercial segin el método ELISA-sandwich (Quantikine
HS Human TNF-alpha, R&D Systems, Minneapolis, EEUU). La sensibilidad fue de 0,3 pg/ml El

coeficiente de variacion fue del 4,2%.

Factor Von Willebrand

Los niveles plasmaticos de factor von Willebrand (FvW)se determinaron mediante un

analizador de la coagulacion ACL 9000 (Beckman-Coulter, EEUU) usando particulas de latex



recubiertas con anticuerpos monoclonales contra FYW. El coeficiente de variacion fue del
7,5%.

Trombospondina-1

Los niveles en suero de trombospondina-1 (TSP-1) se cuantificaron mediante
métodos de ELISA indirecto[68]. Brevemente: placas de ELISA de 96 pocillos que se
recubrieron con TSP-1 (20 pg/ml). Las muestras y el estandard de TSP-1 (Sigma-Aldrich Co,
EEUU) se incubaron con anticuerpos policlonales especificos para TSP-1 (Thrombospondin
Ab-8, NeoMarkers Lab Vision Corporation, EEUU) entre 18-24 h, y posteriormente se
afadieron a la placa. Un anti-anticuerpo conjugado con peroxidasa (Amersham, Inglaterra)
se utilizd como segundo anticuerpo. Como substrato revelador de color se emple6 una
solucién de O-fenilenediamina-dihidroclorhidrico (OPD, Sigma-Aldrich Co, EEUU). La
densidad optica de determind a 490 nm mediante un lector de placas ELISA (Thermo
Labsystems, Espafia). La sensibilidad del método es 12 ug/mly su coeficiente de variacion
4,8%.

NT-ProBNP

Los niveles de este marcador se determinaron mediante un kit comercial (Roche
Diagnostics, Mannheim, Alemania) basado en un test inmunoldgico in vitro mediante
anticuerpos monoclonaes que reconocen los epitopos del tramo N-terminal (1-76) del

proBNP en un analizador Elecys 2010 ®. El coeficiente de variacion fue del 3,6%.
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