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1.1 Fisiologia de la hemostasia (1-4)

La hemostasia es el equilibrio por el cual la sangre permanece en estado fluido
mientras se encuentra en el compartimento intravascular y pasa a estado sdlido al
producirse una solucion de continuidad en el mismo. Este equilibrio incluye los
mecanismos anticoagulantes que suceden al romperse un vaso sanguineo, la
coagulacién y la disolucidon del codgulo. Para simplificar su estudio, este proceso se
divide en hemostasia primaria, hemostasia secundaria, regulacién antitrombdtica y
fibrinolisis, pero hay que tener en cuenta que estas fases no son independientes, sino

gue se producen de manera practicamente simultanea.

En el endotelio sano se producen o6xido nitrico y prostaciclina, sustancias
vasodilatadoras que inhiben a las plaquetas y las mantienen en reposo. Al romperse el
endotelio se produce, en primer lugar, una vasoconstriccion, para evitar una mayor
pérdida de sangre. A su vez, al romperse, el endotelio deja expuesta la superficie
colagena vy libera, por un lado, factor de von Willebrand (VWF), que es necesario para
que las plaquetas se activen y adhieran y, por otro lado, factor tisular (FT), que sera
importante para iniciar la coagulacidon. Al activarse, las plaquetas se adhieren al
endotelio y se agregan entre si, formando el codgulo primario. Este primer codgulo es
labil, pero es importante porque las membranas plaquetarias sirven para que se
recluten y activen ahi los factores de la coagulacion y se inicie la fase de hemostasia
secundaria, que consiste en la generacion de un coagulo mas estable (coagulo

secundario) gracias a la formacién de una malla de fibrina.

Los factores de la coagulacion, que se encuentran en el plasma en forma de
zimogenos, se activan mediante hidrdélisis, lo que los convierte en proteasas de serina
gue, a su vez, activan a otros factores. En el modelo celular de la coagulacién, a
diferencia de lo que se pensaba anteriormente, ya no se considera que estos factores
se activan en cascada, sino que se acepta que las reacciones se dan de forma
simultanea y sobre membranas celulares: primero sobre la membrana endotelial y

luego sobre la membrana plaquetaria.

El FT activa al factor VIl en presencia de fosfolipidos anidnicos y calcio. Luego, el FT y el

factor VIl activado (Vlla) activan a los factores IX y X. El factor Xa unido al cofactor Va,
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generan cantidades pequefias o microdosis de trombina (factor Ila) que dara lugar a: i)
una mayor activacion plaquetaria y, por consiguiente, a una mayor superficie para la
activacion de los factores de coagulacion; ii) una amplificacién del proceso al activar a
los factores V, Xl y XllII de la coagulacién vy iii) una activacion del factor VIII al separarlo
del VWF con el que viaja unido en el plasma (Figura 1). El factor IXa junto con el
cofactor Vllla, activan al factor X para que, asi, el Xa y su cofactor Va, generen ahora si

dosis mucho mayores o macrodosis de trombina.

g . Activa a:
Va
Xia
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Figura 1: Esquema del inicio de la coagulacion y produccion de microdosis de
trombina. Extraido de: Gonzalez-Villalva A, et al. Fisiologia de la hemostasia y su
alteracion por la coagulopatia en COVID-19. Rev Fac Med. 2020 (1).

Ademas de su papel como agonista plaquetario y activador de factores de Ia
coagulaciéon, la trombina incide también sobre el fibrindgeno, dando lugar a la
formacién de polimeros de fibrina que formaran, inicialmente, un coagulo fragil, que
se estabilizard posteriormente a través de enlaces cruzados por accién del factor Xllla
(Figura 2). En la fase de regulacién antitrombdtica, el endotelio sano juega un papel
fundamental, dado que es el encargado de sintetizar las proteinas de regulacion
antitrombdtica: el inhibidor del factor tisular (TFl), la trombomodulina (TM) vy la
antitrombina (AT). El TFl se une con el factor Xa y juntos inhiben al FT, con lo que
pueden prevenir la formacion inicial de trombina. Por otro lado, la trombina, al unirse
a la TM, favorece la activacion de la proteina C, que, junto con su cofactor, la proteina
S, hidrolizan a los factores de la coagulacion V y VIII, con lo que se limita la formacién

del codgulo. Por ultimo, la AT inhibe directamente a la trombina (Figura 2).
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Figura 2: Esquema de la propagacion de la coagulacion y regulacion
antitrombética. Extraido de: Gonzalez-Villalva A, et al. Fisiologia de la hemostasia y su
alteracion por la coagulopatia en COVID-19. Rev Fac Med. 2020 (1).

La fibrinolisis es el proceso de disolucidon del codgulo. Los depdsitos de fibrina se
degradan por accién de la plasmina, una enzima que surge a partir del plasminégeno
por el activador tisular de plasmindgeno (t-PA) y por la urokinasa (u-PA). Esta enzima
hidroliza tanto a los polimeros del fibrindgeno, dando lugar a los productos de
degradacion del fibrindgeno (FDPs), como a la fibrina estable, dando lugar a los
dimeros-D. Para regular este proceso, existen mecanismos anti-fibrinoliticos: por un
lado, el inhibidor del activador de plasmina 1 (PAI-1) bloquea al t-PA o al u-PA 'y, por el

otro, la a2-antiplasmina que inhibe a la plasmina (Figura 3).

Plasminégeno

t-PA |
£ _{ u-PA‘l

a2-antiplasmina
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Malladfﬁbrina T~ s
o—9 T e
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Figura 3: Esquema de la Fibrinolisis. Extraido de: Gonzalez-Villalva A, et al. Fisiologia
de la hemostasia y su alteracion por la coagulopatia en COVID-19. Rev Fac Med. 2020

(1).
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Cuando se produce un desequilibrio en este complejo sistema hemostatico, es cuando

aparecen las complicaciones trombéticas o hemorrdgicas.
1.2 Epidemiologia de la Enfermedad Tromboembdlica Venosa

La enfermedad tromboembdlica venosa (ETV) incluye dos manifestaciones clinicas: la
trombosis venosa profunda (TVP) y la tromboembolia pulmonar (TEP). Pese a tratarse
de una enfermedad que a menudo se presenta con sintomatologia inespecifica (o
incluso de forma asintomatica) y que en ocasiones no se diagnostica, es frecuente, con
una incidencia anual global de 115-269/100.000 habitantes (5). En cuanto a las formas
de presentacion, la TVP aislada es mas frecuente (53-162/100.000 habitantes) que la
TEP asociada o no a TVP (39-115/100.000 habitantes) (6). A su vez, es una enfermedad
con una importante morbimortalidad asociada, siendo la tercera causa de muerte

vascular tras el ictus y el infarto agudo de miocardio (7).
1.3 Fisiopatologia de la Enfermedad Tromboembdlica Venosa

Clasicamente, se han implicado tres factores en la formacion del trombo (Triada de
Virchow): una alteracion en el flujo sanguineo (estasis venoso), un dafo vascular
endotelial y alteraciones en la constitucién de la sangre (hipercoagulabilidad
hereditaria o adquirida) (8). Habitualmente la trombosis se origina en areas con
disminucion del flujo sanguineo (como las valvulas o senos venosos), donde se produce
un depdsito de fibrina que activa de forma local la coagulacién y la agregacion
plaquetaria, dando lugar a la formacién y propagacion del trombo (9). En las fases
iniciales, el trombo no estd intimamente adherido al endotelio vascular, por lo que
puede desprenderse y viajar a través del sistema venoso hasta la auricula derecha vy,

de alli, a las arterias pulmonares originando una TEP (10).

1.4 Formas clinicas de presentacion de la Enfermedad Tromboembdlica Venosa

Como se ha comentado previamente, la ETV puede tener diferentes manifestaciones
clinicas. La TVP se define como la oclusidn parcial o total de una vena del sistema
venoso profundo. Aunque la localizacion mas habitual son las venas de las
extremidades inferiores, esta entidad puede afectar a cualquier localizacidn:

extremidades superiores, territorio esplacnico, venas suprahepaticas, ovdricas, renales
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0 senos venosos cerebrales (11). Las TVP de extremidades inferiores se clasifican,
segun su localizacidn, en proximales (venas iliacas, femoral comun, femoral superficial,
femoral profunda y poplitea) y distales (venas tibiales, peroneas, gemelares y pedias).
De la misma manera, las TVP de extremidades superiores se clasifican también en
proximales (vena yugular, subclavia, axilar y braquial) y distales (venas radial y cubital).
Esta clasificaciéon serd importante no solo para guiar la duracion del tratamiento
anticoagulante sino porque tiene implicaciones prondsticas, dado que las TVP
proximales tienen un mayor riesgo de desprendimiento y, por tanto, de dar lugar a una

TEP, que las distales aisladas (11).

La TEP se produce por la obstruccion de las arterias pulmonares. El 90% provienen de
una TVP de extremidades inferiores y un 5-10% de TVP de extremidades superiores u
otras localizaciones. Segln su localizacidn, podemos clasificarla también como
proximal (si hay afectacion de ramas arteriales pulmonares principales y/o lobares) o
distal (si afecta a arterias segmentarias y subsegmentarias). Se trata de una
complicacién grave, con una mortalidad en torno al 30% sin tratamiento; y con una

mortalidad mucho mayor que la TVP aislada (12,13).
1.5 Factores de riesgo de la Enfermedad Tromboembdlica Venosa

Se han descrito multiples factores que pueden inducir, de forma transitoria o
persistente, estasis, dafio vascular endotelial o hipercoagulabilidad y, por tanto,
aumentar el riesgo de trombosis. En la Tabla 1 (14) se resumen los principales factores

de riesgo de ETV clasificados seglin su mecanismo etiopatogénico.
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Tabla 1: Factores de riesgo de ETV.

Estasis venosa Lesion endoletial vascular Hipercoagulabilidad
Hospitalizacién Catéter venoso central Factores genéticos
Factor V de Leiden

Mutacion del gen de la Protrombina
20210G2A
Déficit de antitrombina
Déficit de Proteina Cy S
Inmovilidad Cirugia, especialmente ortopédica Sindrome antifosfolipido
Paresia o pardlisis Traumatismos ofracturas Cancer activo
Viaje de >4 horas Sepsis Embarazo ypostparto
Terapia estrogénica
Edad avanzada
Obesidad
Enfermedades autoinmunes o

inflamatorias cronicas

Abreviaciones: ETV, enfermedad tromboembdlica venosa. Adaptado de: Di Nisio M, et
al. Deep vein thrombosis and pulmonary embolism. Lancet. 2016 (14).

En los ultimos afios se ha postulado que no todos los factores de riesgo identificados
contribuyen de igual forma al desarrollo de ETV y que, de hecho, el riesgo de ETV
incrementa con el nimero de factores predisponentes asociados (10). En este sentido,
en base a estudios de grandes cohortes publicados, las Guias de la European Society of
Cardiology (ESC) de 2019 realizadas con la colaboracién de la European Respiratory
Society, clasifican los factores de riesgo de ETV en 3 grupos en funcidn de su grado de
asociacion: factores de riesgo débiles (definidos como aquellos con odds ratio < 2),
moderados (definidos como odds ratio 2-9) y fuertes (definidos como odds ratio > 9)
(6). En la Tabla 2 se estratifican los factores de riesgo en funcién de si son débiles,

moderados o fuertes (15).

En funcion de la existencia o no, de estos factores predisponentes, la ETV se clasifica
en provocada por un factor de riesgo transitorio, provocada por un factor de riesgo
permanente, o no provocada, representando éste Ultimo grupo un 50% de los casos
(14). Esta clasificacidon, como se describe mds adelante, sera relevante a la hora de

decidir la duracién del tratamiento anticoagulante.
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Tabla 2: Estratificacion de los factores de riesgo de ETV.

Factores de riesgo débiles Factores de riesgo moderado Factores de riesgo fuertes

Reposo en cama >3 dias Cirugia artroscopica de rodilla Fractura de miembros

Viaje prolongado
Factores de riesgo
cardiovasculares

Edad

Cirugia menor

Embarazo/Puerperio

Enfermedad autoinmune
Transfusiones/Agentes
estimulantes de colonias

Catéteres venosos

Cardiopatia o neumopatia

Terapia hormonal

inferiores
Dano medular

Cirugia de cadera o rodilla

Hospitalizacion los 3 meses
previos
Traumatismo mayor

Trombofilia

Mutacion homocigota del
factor V de Leiden,
Mutacion homocigota del gen
de la protrombina,
Déficit de antitrombina o
Trombofilia combinada
Varices Infecciones Sindrome antifosfolipido
Enfermedad inflamatoria Trombosis previa
intestinal
Cancer/Quimioterapia
Ictus que condicione
paresia/paralisis

Trombosis venosa superficial

Abreviaciones: ETV, enfermedad tromboembdlica venosa. Adaptado de: Pastori D,
Cormaci VM et al. A Comprehensive Review of Risk Factors for Venous

Thromboembolism: From Epidemiology to Pathophysiology. Int J Mol Sci. 2023 (15).
1.6 Diagnéstico de la Enfermedad Tromboembdlica Venosa

El diagndstico de la ETV, basado en los signos y sintomas, no es totalmente fiable
debido a la baja especificidad de las manifestaciones clinicas. De hecho, se ha descrito
que sélo en un 25% de los pacientes con sintomas compatibles con TVP y un 5% de los

pacientes con sospecha clinica de TEP se confirma el diagndstico (16).

En este contexto se han disefiado diferentes aproximaciones diagndsticas para

pacientes con sospecha de ETV. La mds aceptada y extendida es la que se basa en la
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aplicacion secuencial de escalas de probabilidad clinica pretest que combinan
sintomas, signos y factores de riesgo, el analisis del dimero-D y una prueba de imagen
(ecografia doppler en caso de las TVP de extremidades, angiografia por tomografia
computarizada (Angio-TAC) en TVP de otras localizaciones y Angio-TAC/Gammagrafia

de ventilacion/perfusion en caso de la TEP).

En el caso de la TVP, la escala de probabilidad clinica pretest mas utilizada y validada es
la escala modificada de Wells (Tabla 3), que clasifica a los pacientes con sospecha

clinica en pacientes con probabilidad baja o alta (score de 2 niveles) (17).

Tabla 3: Escala de Wells modificada para TVP.

Caracteristicas clinicas Valor
Cancer activo (paciente con quimioterapia en los 6 meses previos o tratamiento +1
paliativo)
Paralisis, paresia o inmovilizacidn con yeso de una extremidad +1
Encamamiento reciente > 3dias o cirugia mayor en las ultimas 12 semanas +1
Dolor a la presion a lo largo de la distribucién del sistema venoso profundo +1
Tumefaccidn de toda la extremidad +1

Aumento del perimetro >3cm respecto a la extremidad asintomatica (medido 10cm por +1

debajo de la tuberosidad tibial)

Edema en la extremidad afectada +1

Venas colaterales superficiales (no varicosas) +1

Antecedente de TVP previa documentada +1

Diagnéstico alternativo al menos tan probable como TVP -2
Probabilidad

TVP probable 22

TVP improbable <1

Abreviaciones: TVP, trombosis venosa profunda. Adaptada de: L. Mazzolai, V. Aboyans,
et al. Diagnosis and management of acute deep vein thrombosis: a joint consensus
document from the european Society of Cardiology working groups of aorta and
peripheral vascular diseases and pulmonary circulation and right ventricular function.
Eur. Heart J. 2018 (17).
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En el caso de la TEP, las escalas mds aceptadas son la Escala de Wells (18) y la Escala de

Ginebra modificadas (19) (Tabla 4), que también clasifican a los pacientes con

sospecha clinica en pacientes con probabilidad baja o alta (score de 2 niveles).

Tabla 4: Escala de Wells y de Ginebra modificadas para TEP.

Escala de Wells modificada
Caracteristicas clinicas
Antecedente de TEP o TVP
Cirugia o inmovilizacion las ultimas 4 semanas
Cancer
Hemoptisis
Frecuencia cardiaca>100lpm
Signos clinicos de TVP
Diagnodstico alternativo menos probable que TEP
Probabilidad
TEP probable
TEP improbable

Escala de Wells y de Ginebra modificada
Edad>65 afios
Antecedente de TEP o TVP
Cirugia o fractura el Ultimo mes
Cancer activo
Dolor unilateral de extremidad inferior
Hemoptisis
Frecuencia cardiaca
75-94Ipm
>95|pm
Dolor a la palpacion o edema unilateral de la extremidad inferior
Probabilidad
TEP probable
TEP improbable

Valor

+1
+1
+1
+1
+1
+1
+1

+1
+1
+1
+1
+1

+1
+2
+1

23

0-2

Abreviaciones: TVP, trombosis venosa profunda; TEP: tromboembolia pulmonar, Ipm:

latidos por minuto. Adaptada de: Righini M, Robert.H, et al. Diagnosis of acute

pulmonary embolism. Haemostaseologie. 2018 (16).
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En la Figura 4 y Figura 5 se resume el algoritmo diagndstico de la TVP y la TEP aguda
sintomdtica respectivamente. En primer lugar, se debera realizar la evaluaciéon de la
probabilidad clinica mediante una escala pretest. En caso de que se trate de una TVP o
TEP probable, debera realizarse directamente una prueba de imagen. En caso de TVP o
TEP improbable, deberd realizarse la determinacion del dimero-D: en caso de ser
negativo se descarta la TVP o TEP, y en caso de ser positivo deberd realizarse una

prueba de imagen para confirmar o descartar el diagndstico.

Sospecha de TVP

Evaluacién de la probabilidad clinica
pretest
(Escala modificada de Wells)

TVP improbable TVP probable
Dimero-D
Negativo Positivo Ecografia venosa
No TVP Normal TVP
No tratamiento Tratamiento
Dimero-D
Negativo Positive Ecografia venosa a los
7 dias
No TVP Normal TVP

Figura 4: Algoritmo diagnostico de la TVP aguda sintomatica. Adaptado de:
Mazzolai. L, Ageno. W, Alatri. A, et al. Second concensus document on diagnosis and
management of acute deep vein thrombosis . Eur J Prev Cardiol. 2022 (17).

* Dimero-D anormal >500 ng/mL (ajustado por edad en > 50 afios: Positivo si dimero-D >
Edad en afos x10).
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Sospecha de TEP

Evaluacién de |la probabilidad clinica
pretest
(Escala medificada de Wells)

TEP improbable TEP probable
Dimero-D
Negativo Positivo Angio-TAC pulmonar
Mo TEP Normal TEP
No tratamiento No tratamiento Tratamiento

Figura 5: Algoritmo diagndstico de la TEP aguda sintomatica. Adaptado de: Di
Nissio. M, Van Es. N, et al. Deep vein thrombosis and pulmonary embolism. Lancet. 2016
(14).

* Dimero-D anormal >500 ng/mL (ajustado por edad en > 50 afios: Positivo si dimero-D >
Edad en afos x10).

1.7 Tratamiento anticoagulante en la Enfermedad Tromboembdlica Venosa

El tratamiento anticoagulante es el tratamiento mds importante en pacientes con ETV.
Esta indicado para los pacientes con TVP proximal o TEP de riesgo bajo, intermedio-
bajo o intermedio-alto siempre y cuando no haya una contraindicacién absoluta para
ello (sangrado activo, coagulopatia y cirugia o traumatismo mayor reciente). En los
pacientes con TVP distal aislada, se puede optar por un manejo sintomdtico con
seguimiento clinico estrecho, siempre y cuando el paciente no presente factores de
riesgo de progresiéon de la TVP (neoplasia activa, trombofilia o enfermedad
inflamatoria activa, inmovilizacién...). En los pacientes con TEP de riesgo alto el
tratamiento de eleccién es la fibrinolisis sistémica. La trombectomia mecanica se
reserva para pacientes con TEP de riesgo intermedio-alto o alto que tengan una

contraindicacidn para la fibrinolisis.
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El tratamiento anticoagulante se compone de tres fases (Figura 6): la fase aguda o
inicial, la fase a largo plazo y la fase de tratamiento extendido o ampliado en aquellos
casos en que se considere indicado. El objetivo del tratamiento en la fase aguda (0-21
dias) es evitar la progresiéon del trombo y prevenir las complicaciones precoces (TEP,
muerte,...) y tardias (ETV recurrente, sindrome post-trombdtico e hipertension
pulmonar tromboembdlica crénica...). El objetivo del tratamiento en la fase a largo
plazo (hasta los 3-6 meses) es evitar o reducir las recurrencias secundarias a la
reactivacion del trombo inicial. Por dltimo, el objetivo del tratamiento extendido,
ampliado o indefinido en el tiempo es evitar las recurrencias una vez finalizado el

tratamiento a largo plazo, es decir, realizar una prevencidn secundaria de la ETV.

Diagnostico de TVP/TEP

‘L Decision de (1) suspender la anticoagulacion o (2)
Manejo inicial mantener el tratamiento de forma extendida.
Tratamiento a largo plazo Tratamiento extendido
€———————3 a2 6 meses > £ Anticoagulacion indefinida —3

Primeros 5-21 dias tras el diagnostico

Figura 6: Fases del tratamiento anticoagulante. Adaptado de: Ortel TL, Neumann |,
Ageno W, et al. American Society of Hematology 2020 guidelines for management of
venous thromboembolism: treatment of deep vein thrombosis and pulmonary
embolism. Blood Adv. 2020 (20).

Actualmente existen multiples opciones terapéuticas. Si el paciente esta hospitalizado,
como tratamiento en fase inicial se suele utilizar heparina no fraccionada (HNF) o
heparina de bajo peso molecular (HBPM) por presentar una semivida de eliminacion
menor que el resto de opciones terapéuticas, lo que facilitard el manejo en el caso de
presentar complicaciones hemorrdgicas o en el caso de precisar procedimientos
diagndsticos o terapéuticos invasivos. Diversos estudios han demostrado que el
manejo optimo de la HNF es dificil de conseguir en la practica clinica habitual (21,22) y
qgue, ademas, ésta tiene un riesgo de hasta 8-10 veces mayor que las HBPM de

presentar trombocitopenia inducida por heparina (23,24) por lo que su uso ha
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guedado actualmente bastante restringido. Puede ser de eleccién en pacientes con
alto riesgo hemorragico (como pacientes de unidades de cuidados intensivos (UCI)) por
su vida media corta y su posibilidad de reversibilidad completa con sulfato de
Protamina, y en poblaciones especiales como pesos extremos o insuficiencia renal
grave (aclaramiento de creatinina < 30mL/min) (22). En el resto de pacientes, las
HBPM seran el tratamiento inicial de eleccidén. Respecto a qué tipo de HBPM es mas
recomendable, es importante remarcar que, aunque las diferentes HBPM se
consideran entidades farmacoldgicas distintas (por su peso molecular, relacion de
efecto anti Xa/lla...) los estudios clinicos no han demostrado una efectividad superior
de una HBPM sobre la otra de forma significativa, por lo que el uso de una u otra
HBPM dependera de la disponibilidad del centro. El Fondaparinux también se puede
emplear como agente parenteral para el tratamiento inicial de pacientes
hospitalizados a los cuales posteriormente se les iniciara antagonistas de la vitamina K
(AVK) o anticoagulantes orales de accion directa (ACODs). En el caso de pacientes
ambulatorios, puede utilizarse como tratamiento inicial la HBPM o los ACODs

(Apixaban o Rivaroxabdn) a las dosis recomendadas para esta fase (Figura 5).

Para el tratamiento a largo plazo, disponemos de HBPM, AVK o ACODs. Los AVK son
anticoagulantes eficaces pero tienen multiples inconvenientes: en primer lugar,
presentan variabilidad de accién anticoagulante tanto a nivel interindividual (por
polimorfismos genéticos responsables del 50-60% de la variabilidad de las dosis
necesarias) (25) como intraindividual, por su interaccién con los alimentos y con
multiples farmacos (26); y, en segundo lugar, requieren de controles periddicos de
INR. Ademas, si se plantea el uso de AVK, el tratamiento parenteral con HBPM,
Fondaparinux o HNF debe mantenerse al menos durante 5 dias previamente y hasta

gue se alcance un INR 22 (27).

Dentro de los ACODs, tenemos actualmente comercializados 4 farmacos: Apixaban
Rivaroxaban y Edoxaban, que son inhibidores del Factor X, y Dabigatran, que es un
inhibidor del Factor Il (Trombina). Estos farmacos han demostrado ser al menos tan
eficaces como el tratamiento convencional con AVK (28-31) en pacientes con ETV y
tienen la ventaja de que no requieren monitorizacién, su efecto no se modifica con la

dieta y apenas tienen interacciones farmacoldgicas. Su vida media es mayor que la de
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la HNF y las HBPM y pueden acumularse en pacientes con insuficiencia renal grave
(CICr <30mL/min) o insuficiencia hepatica Child Pugh B o C. Dabigatran dispone de
antidoto comercializado (ldarucizumab) (32) y el resto de ACODs pueden revertirse
mediante Andexanet Alfa (33). Comparaciones indirectas entre los diferentes ACODs
han mostrado reducciones estadisticamente similares en el riesgo de muerte
relacionada con ETV y en el riesgo de recurrencia (34). Respecto a los sangrados
mayores, parece que Apixaban tienen un perfil mejor de seguridad respecto a los
demas ACODs (34), sobre todo en cuanto a sangrados digestivos y uroldgicos. Si
optamos por Dabigatran o Edoxaban, se deben iniciar tras tratamiento con HNF,
Fondaparinux o HBPM durante 5-10 dias. En el caso de Rivaroxaban y Apixaban, tal y
como se ha comentado, se pueden emplear para el tratamiento agudo desde el inicio
sin tratamiento parenteral previo. Actualmente, en nuestro medio, para esta

indicacion esta financiado por el sistema nacional de salud Unicamente el Dabigatran.

Por ultimo, como tratamiento extendido podemos utilizar farmacos AVK o ACODs.
Dento de los ACODs, Apixabdn y Rivaroxabdn se pueden utilizar con dosis reducidas
(Apixaban 2,5mg/12 horas, Rivaroxaban 10mg/24h) a partir de los 6 primeros meses,
dado que han demostrado una buena eficacia en cuanto a recurrencias trombéticas sin
aumentar el riesgo de sangrado respecto a placebo y aspirina, respectivamente

(35,36).

En la Figura 7 se resumen las posibilidades de tratamiento anticoagulante parala ETV.
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Tratamiento largo plazo

21 dias a 3-6 meses
Apixabdn 10mg f12h 7 dias Apixaban 5mg/12h Considerar 2,5mg/12h a partir del 62 mes
Rivaroxaban 15mg/12h 21 dias Rivaroxaban 20mg/24h Considerar 10mg/24h a partir del 62 mes

Figura 7. Opciones de tratamiento anticoagulante para pacientes con ETV.
Abreviaciones: HBPM, heparina de bajo peso molecular; AVK: antagonistas de la
vitamina K. Adaptado de: Streiff. M, Agnelli. G, et al. Guidance for the treatment of deep
vein thrombosis and pulmonary embolism. J Thromb Thrombolysis. 2016 (37).

Un factor clave en la decision de mantener o suspender el tratamiento anticoagulante
mas alld de los 3-6 meses es el riesgo de recurrencia trombdtica y el riesgo de

sangrado de cada paciente.

Tras la suspensidn del tratamiento anticoagulante, el riesgo de recurrencia a lo largo
de los afios, tras un primer episodio, es de alrededor de un 25%, siendo mayor los
primeros 6-12 meses con un descenso progresivo posterior. Este riesgo es mas del
doble en pacientes con ETV no provocada respecto a aquellos con ETV provocada por
un factor de riesgo reversible. Dentro de estos, la tasa de recurrencia es mayor en
pacientes médicos que en pacientes quirurgicos (38). Cuando el factor de riesgo
reversible es una intervencion quirudrgica el riesgo de recurrencia tras la finalizacién del
tratamiento anticoagulante es bajo (1% al afio, 3% a los 5 afios). En el caso de que el
factor de riesgo de ETV no sea quirdrgico (inmovilizacién, tratamiento hormonal,
embarazo, traumatismo menor sin cirugia...) el riesgo de recurrencias sigue siendo
bajo, pero es mayor que en el paciente quirurgico (5% al afio y 15% a los 5 afios) (39).
En el caso de la ETV no provocada, la tasa de recurrencia es del 10% al afio, del 25% a

los 5 afios y del 36% a los 10 afios (40), lo que sugiere que, probablemente, estos
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pacientes puedan beneficiarse de una terapia anticoagulante de mayor duracién que
los pacientes con ETV provocadas por un factor de riesgo transitorio. Por ultimo, si el
factor de riesgo es una neoplasia, la tasa de recurrencia puede ser superior al 20% el
primer afo (41). Por contra, el riesgo de sangrado mayor en los pacientes que
mantienen la anticoagulacién mas alla de los 3-6 meses es del 1-3% anual, ascendiendo
hasta el 5% en ancianos, y con una incidencia acumulada a los 5 afios de 6,3% (40).
Ademas, estos sangrados tienen una tasa de mortalidad del 15% (6), lo que supone
unos ratios de mortalidad entre 2 y 3 veces mas elevados en pacientes con sangrado

mayor que en pacientes con recurrencia de ETV (40,42,43).

Con estos datos, las guias clinicas actuales recomiendan 3 meses de tratamiento
anticoagulante en pacientes con ETV distal, entre 3-6 meses de tratamiento en
pacientes con una ETV provocada por un factor de riesgo reversible y mantener el
tratamiento anticoagulante mientras el cancer esté activo en pacientes con ETV
asociada a cdncer o en pacientes con una ETV provocada por un factor de riesgo
persistente. En el caso de los pacientes con un primer episodio de ETV proximal no
provocada, las guias clinicas recomiendan mantener al menos 3-6 meses de
tratamiento anticoagulante y valorar mantener el tratamiento de forma indefinida en
funcién del riesgo de recurrencia, el riesgo de sangrado y las preferencias del paciente
(6,20,44); lo que supone un reto en la practica clinica habitual. De forma general, se
recomienda mantener el tratamiento anticoagulante de forma indefinida en pacientes
con alto riesgo de recurrencia y riesgo bajo de sangrado, sin haberse establecido de

forma clara en la literatura qué pacientes estan incluidos en este grupo.
1.8 Valoracion del riesgo de recurrencia trombdtica

Ademas de la etiologia de la trombosis, varios factores de riesgo se han asociado de
forma independiente a un mayor riesgo de recurrencia en la literatura: la localizaciéon
proximal de la ETV, el antecedente personal de ETV, el sexo masculino (en caso de ETV
no provocada), niveles de dimero-D elevado tras finalizar el tratamiento
anticoagulante (en caso de ETV no provocada), la presencia de anticuerpos
antifosfolipidicos, la trombofilia hereditaria, la presencia de trombosis residual tras

una TVP y los pacientes de raza blanca o negra vs los asiaticos, pero todos ellos con
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odds ratios inferiores a 2 (45). Un factor controvertido es la edad avanzada: tal y como
se ha descrito previamente, la edad avanzada se ha asociado en multiples estudios con
un mayor riesgo de ETV, pero su papel en la recurrencia no estd claro dada la ausencia

de evidencia.

Una asociacién que si que parece clara en la literatura es que la forma inicial de
presentacion de la ETV estd relacionada con la forma de presentacion de la
recurrencia, de tal modo que los pacientes con TEP tienen mas riesgo de recurrir en
forma de TEP y los pacientes con TVP mas riesgo de recurrir en forma de TVP. Esta
asociacién, ademas de una importancia clinica, conlleva una importancia prondstica,
dado que los pacientes con recurrencia en forma de TEP tienen una mortalidad mayor

que los pacientes con recurrencia en forma de TVP aislada (6,44,45).

Hasta la fecha, se han desarrollado varios scores, que incluyen datos clinicos, para la
valoracion del riesgo de recurrencia tras un primer episodio de ETV (HERDOO?2 score,
Vienna score, DASH score and VTE-PREDICT score (46-50)) pero 2 de ellos no tienen
validacién externa (HERDOO2 y DASH score) y ninguno de ellos se utiliza de forma
rutinaria en la practica clinica por su baja aplicabilidad. El HERDOO2 score es el Unico
qgue de forma explicita da informacién de en qué grupo de pacientes se tendria que
suspender el tratamiento anticoagulante (mujeres de “bajo riesgo”) pero tiene dos
limitaciones: no ha sido capaz de estratificar el riesgo en hombres y, ademas, a las
mujeres que han presentado una ETV bajo tratamiento estrogénico las considera como
mujeres con un evento no provocado, cuando sabemos que el riesgo de recurrencia es
menor (siempre que se suspenda el tratamiento hormonal) en mujeres con una ETV
asociada a estrégenos que en mujeres con una ETV no provocada. El Vienna score
propone valorar la suspensidon del tratamiento anticoagulante en funcién del riesgo de
recurrencia de cada paciente a los 12 y 60 meses; y el DASH score propone
suspenderlo en pacientes con una puntuacién £ 1 punto dado que son pacientes con
un riesgo de recurrencia inferior al 5% anual en su cohorte. Por ultimo, el VTE-PREDICT
score tiene la peculiaridad de que por primera vez se incluyen ambos, el riesgo de
recurrencia y el riesgo de sangrado de cada paciente a los 5 afos, y valora eventos
tanto provocados como no provocados. En la Tabla 5 se resumen las caracteristicas

principales de cada uno de ellos.
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Otro aspecto importante es que, pese a que, como se ha comentado, la gravedad de la
recurrencia es mayor en pacientes con TEP que con TVP, ninguno de los scores
propuestos hasta la fecha valora de forma independiente el riesgo de recurrencia en

forma de TEP y TVP.
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1.9 Valoracion del riesgo de sangrado en pacientes con ETV

Para la valoracién del riesgo de sangrado bajo tratamiento anticoagulante, las guias del
2016 de la American College of Chest Physicians estratificaron a los pacientes en bajo
riesgo de sangrado (0,8% de riesgo anual de sangrado mayor), moderado riesgo (1,6%
de riesgo anual de sangrado mayor) y alto riesgo de sangrado (26,5% de riesgo anual

de sangrado mayor) en funcién de los factores de riesgo expuestos en la Tabla 6 (51).

Tabla 6: Factores de riesgo para sangrado bajo tratamiento anticoagulante.

Factor de Riesgo

Edad > 65 afios
Edad > 75 afios
Hemorragias previas
Cancer
Céancer metastdsico
Insuficiencia renal
Insuficiencia hepatica
Trombocitopenia
Ictus previo
Diabetes
Anemia
Antiagregantes plaquetarios
Mal control del tratamiento anticoagulante
Capacidad funcional reducida y comorbilidad
Cirugia reciente
Caidas frecuentes
Abuso de alcohol
AINEs
Riesgo hemorragico
Riesgo hemorragico bajo: Ningun factor de riesgo
Riesgo hemorragico moderado: 1 factor de riesgo

Riesgo hemorragico alto: 2 o mas factores de riesgo

Abreviaciones: AINEs: antinflamatorios no esteroideos. Adaptado de: Kearon. C, Akl. E,
et al. Antithrombotis therapy for VTE disease. CHEST. 2016 (51).
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Sin embargo, hay que tener en cuenta que tanto estos factores enumerados en la
Tabla 6 como otros scores de sangrado propuestos (The RIETE (52), VTE-BLEED (53)) no
han sido validados en la practica clinica para pacientes con ETV no provocada en los
gue se mantiene la anticoagulacién mas alla de los 3-6 meses y se deben aplicar con

precaucion (54,55).

Otro aspecto relevante es que, una vez suspendido el tratamiento anticoagulante, el
riesgo de sangrado mayor de los pacientes no es cero, sino que persiste, habiéndose
descrito tasas en torno al 1% a los 5 afios (56). Este hecho afiade otra dimensién a la
dicotomia de mantener o suspender el tratamiento anticoagulante, indicando que no
hay que valorar uUnicamente el riesgo de sangrado derivado del tratamiento
anticoagulante, sino el aumento de riesgo que otorga el mantener este tratamiento a

cada paciente.

1.10 Papel del Filtro de vena Cava Inferior en pacientes con Enfermedad

Tromboemboalica

Como hemos visto, el tratamiento anticoagulante es un pilar fundamental del
tratamiento de la ETV, pero esta contraindicado en pacientes con un sangrado activo.
En estas situaciones, deberemos valorar otras opciones de tratamiento que intenten

minimizar el riesgo de complicaciones derivadas de la progresién de la ETV no tratada.

En este sentido, los filtros de vena cava inferior (FVC) se utilizan para reducir el riesgo
de TEP en pacientes con TVP o TEP que tienen una contraindicacidén absoluta para la
anticoagulacion (57). A pesar de la falta de datos sobre su beneficio en términos de
mortalidad, estos dispositivos se han convertido en una parte importante del
tratamiento de la ETV (58—60). Actualmente, la mayoria de las guias de practica clinica
recomiendan la colocacién de un FVC con indicacién absoluta en pacientes con ETV
aguda (de menos de 1 mes) y contraindicacidn para la anticoagulacién (pacientes con
sangrado gastrointestinal activo, ictus hemorragico agudo, presencia de lesiones
cerebrales, trastornos de la coagulacidén, etc.). Sin embargo, existe una disparidad de
opiniones con respecto a las indicaciones relativas como el tratamiento de la TVP ilio-
femoral, los pacientes con trombo flotante o reserva cardiopulmonar deficiente y las

indicaciones profildcticas como los pacientes expuestos a cirugia baridtrica o cirugia
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traumatoldgica (51,61-65). Esta falta de consenso es probablemente la responsable,
en parte, de las indicaciones heterogéneas de la colocacién de FVC a nivel de los
centros hospitalarios y hace que, incluso, en ocasiones, se coloquen FVC sin una clara
indicacion; hecho relevante dado que estos dispositivos no estan exentos de

complicaciones.

Esta descrito que sélo un tercio de los FVC que se colocan se retiran (66), y esto se ha
asociado a altas tasas de complicaciones a largo plazo como migracién del filtro (10-
25%), perforacion (22-93%), trombosis del filtro (3,5- 50%) y TVP (5-18%) en estos
pacientes. La mayoria de estas complicaciones aparecen en pacientes cuyos filtros no
se han retirado pasados 30 dias después de la colocacién, por lo que las
recomendaciones actuales son de: i) colocacion de filtros removibles o recuperables, ii)
iniciar lo antes posible el tratamiento anticoagulante (siempre y cuando no haya

contraindicacidn) y iii) intentar la retirada como maximo a los 30-60 dias (64—70).

Un subgrupo de pacientes que merecen especial atencidon, y sobre los que hay muy
escasa literatura, son los pacientes con cancer. Estos pacientes tienen un riesgo de ETV
entre cuatro y siete veces mas alto que la poblacidn general (71), pero ademas tienen
también un riesgo aumentado de sangrado derivado del propio tumor y del
tratamiento quimioterapico, por lo que son pacientes en los que no es infrecuente que
haya que recurrir a tratamientos “alternativos” a la anticoagulacién tras un episodio de

ETV por contraindicacién a la misma.

Hasta la fecha, las caracteristicas clinicas, del paciente y del filtro, asociadas con la no

retirada y las complicaciones no se han descrito de forma adecuada.
1.11 Tromboprofilaxis en pacientes médicos hospitalizados

Como hemos visto, son multiples los factores de riesgo para desarrollar ETV, siendo el
ingreso hospitalario uno de los mas importantes por ser el causante de un porcentaje
elevado (en torno al 25%) de los eventos tromboembdlicos (72). En este sentido,
sabemos que la tromboprofilaxis en los pacientes hospitalizados disminuye el riesgo de
ETV, lo que se traduce en una disminucién del riesgo de muerte por dicha causa. De

hecho, la realizacién de una correcta tromboprofilaxis evita 1 de cada 10 muertes

42



hospitalarias, siendo la ETV la principal causa prevenible de muerte en este medio (72).
Por este motivo, es importante identificar qué pacientes presentan un alto riesgo de

ETV durante el ingreso vy, por tanto, se beneficiarian del uso de tromboprofilaxis.

Se han reportado diferentes factores de riesgo de ETV en pacientes hospitalizados. Los
mas importantes son las enfermedades médicas agudas, la cirugia, el cancer, el
tratamiento del cancer, los traumatismos, la inmovilizacidn, la presencia de catéteres
venosos centrales, los antecedentes de ETV previa, la edad avanzada y la obesidad. En
este sentido, y con el objetivo de estandarizar la indicacién de tromboprofilaxis en el
paciente médico hospitalizado, se han desarrollado diferentes escalas o scores que
ayudardn en la toma de decisiones, siendo las mds utilizadas la escala de Padua (73)
(Tabla 7) y el Improve Risk score (74) (Tabla 8). En estudios comparativos, la escala de
Padua fue la que mejor predijo los episodios de ETV a los 90 dias entre los pacientes
clasificados de alto riesgo. Es una escala validada para estratificar el riesgo de ETV en el
paciente médico hospitalizado, pero no se ha validado en poblaciones especiales como
pacientes de UCI. Los pacientes con una puntuacién mayor o igual a 4 en la escala de
Padua, o una puntuacién mayor o igual a 2 en el Improve Risk score, tienen indicacidn
de tromboprofilaxis farmacolédgica siempre y cuando no haya contraindicacién a la
misma. Por este motivo, antes de instaurar la tromboprofilaxis farmacolégica, y al
mismo tiempo que evaluamos el riesgo trombdtico, se debe valorar el riesgo de
sangrado del paciente. En este sentido la escala Improve-Bleeding (75) (Tabla 9) ayuda
a identificar a los pacientes hospitalizados con enfermedades agudas y con mayor

riesgo de sangrado.
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Tabla 7: Escala de Padua.

Caracteristicas clinicas Score
Cancer activo' +3
Antecedente de ETEV (excluyendo trombosis superficial) +3
Movilidad reducida’ +3
Estado protrombético conocido® +3
Traumatismo o cirugia reciente (en el Ultimo mes) +2
Edad avanzada (>70 afios) +1
Insuficiencia cardiaca y/o respiratoria +1
Infeccion aguda y/o enfermedad reumatoldgica +1
Obesidad (IMC>30) +1
Tratamiento hormonal +1

Puntuacion:
2 4 puntos: riesgo alto

! pacientes con metastasis locales o a distancia y/o que se haga realizado
quimioterapia o radioterapia los 6 meses previos.

2 Reposo en cama con privilegio de ir al bafio (ya sea por la limitacién del paciente o
por orden del médico) durante al menos 3 dias.

? Déficit de antitrombina, proteina C o S, factor V de Leiden, mutacién del gen de la
protrombina G20210A y sindrome antifosfolipido.

Abreviaciones: IMC, indice de Masa Corporal. Adaptado de: Barbar. S, Noventa. F, et al.
A risk assessment model for the identification of hospitalized medical patients at risk for
venous thromboembolism: the Padua Prediction Score. JTH. 2010 (73).
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Tabla 8: Improve risk score.

Caracteristicas clinicas Score
ETV previa +3
Trombofilia® +2
Pardlisis de miembros inferiores +2
Cancer activo +2
Inmovilizacién 2 7 dias’ +1
Ingreso en UCI/Unidad Coronaria +1
Edad mayor de 60 afios +1

Puntuacidn:

0-1: riesgo bajo (ETV sintomatica <1%)

2-3: riesgo mdoerado (ETV sintomatica 1-1.5%)
2 4: riesgo alto (ETV sintomatica >4%)

! Déficit de antritrombina, resistencia a la proteina C activada, déficits de proteina Cy S,
mutacion gen de la protrombina G20210A, Factor V Leiden, sindrome antifosfolipidico.
? Incluye los dias previos al ingreso hospitalario mas los dias de ingreso hospitalario.

Abreviaciones: UCI/UCC, Unidad de Cuidados Intensivos o Unidad Coronaria. Adaptado
de: Spyropoulus. A, Anderson. F, et al. Predictive and Associative Models to Identify
Hospitalized Medical Patients at risk for VTE. CHEST. 2011 (74).



Tabla 9: Escala Improve-Bleeding.

Caracteristicas clinicas Score
Ulcera gastrointestinal activa +4,5
Hemorragia en los tres meses previos +4
Recuento plaquetario < 50 x 10°/L +4
Edad >85 afios +3,5
Insuficiencia hepatica (INR >1.5) +2,5
Insuficiencia renal grave (CICr <30mL/min) +2,5
Ingreso en UCI +2,5
Catéter venoso central +2
Enfermedad reumatica +2
Cancer activo +2
Edad 40-84ainos +1,5
Vardn +1
Insuficiencia renal moderada (CICr 30-50 mL/min) +1
Puntuacion:

2 7: Alto riesgo hemorragico (riesgo de hemorragia >4%)

Abreviaciones: INR, ratio internacional normalizado; CICr, aclaramiento de creatinina;
UCI, Unidad de Cuidados Intensivos. Adaptado de: Decousus. H, Tapson. V, et al. Factors
at admission associated with bleeding risk in medical patients: Findings from the
IMPROVE investigators. CHEST. 2011 (75).

En los pacientes en los que decidamos realizar tromboprofilaxis farmacologica, existen
varias opciones terapéuticas que se resumen en la Tabla 10. La HBPM es la mas
utilizada, pero en pacientes con antecedente de trombocitopenia inducida por
heparina o alergia a las mismas se puede realizar con Fondaparinux (76,77). A su vez,
en aquellos pacientes que rechacen la terapia parenteral, se puede realizar también

con Rivaroxaban a las dosis descritas en la Tabla 10 (78).

Aunque se ha descrito que el riesgo aumentado de ETV se mantiene hasta 30-45 dias
tras el alta hospitalaria, las principales guias de practica clinica no recomiendan, con la
evidencia generada hasta el momento, el uso de tromboprofilaxis extendida en los
pacientes médicos, por lo que el tratamiento se realizard durante el ingreso

hospitalario (76,77).
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En los pacientes en los que la tromboprofilaxis farmacolégica esté contraindicada por
tener un riesgo alto de sangrado, se realizard tromboprofilaxis mecanica utilizando
preferentemente medias compresivas o dispositivos de compresidn neumadtica
intermitente, en funcién de la disponibilidad. En el momento en que la
contraindicacion a la tromboprofilaxis farmacolégica desaparezca, se debera iniciar

nuevamente (76,77).

Tabla 10: Estrategias de tromboprofilaxis farmacolégica en pacientes médicos
hospitalizados.

Farmacos Dosis Dosis

CICr>30 ml/min CICr<30 ml/min
Heparina de Bajo Peso Molecular
Bemiparina 3500 Ul/dia SC 2500 Ul/dia SC
Enoxaparina 40 mg/dia SC 20 mg/dia SC
Tinzaparina 3500 Ul/dia SC Si CICr 20-30 ml/min no ajustar.

Si CICr<20 ml/min monitorizar
con niveles de anti-Xa
Pentasacaridos

Fondaparinux 2,5 mg/dia SC Evitar

Anticoagulantes de accién directa

Rivaroxaban 10 mg/dia VO Precaucion si CICr 15-30
ml/min

Abreviaciones: CICr, Clearence de creatinina; sc, subcutanea; vo, via oral. Produccién
propia.
1.12 Infeccion por SARS-CoV2 y su asociaciéon con la Enfermedad Tromboembdlica

Venosa

Desde 2019, en contexto de la pandemia por SARS-CoV-2 (del inglés Severe Acute
Respiratory Syndrome Coronavirus 2), no solo se ha descrito un aumento del riesgo de
ETV asociada a la infeccidon sino que, a su vez, los pacientes con SARS-CoV-2 que
presentaban una ETV asociada presentaban una mayor mortalidad (79). Las tasas de
trombosis en pacientes con esta infeccidn varian entre los diferentes estudios dada la
variabilidad en los protocolos de diagndstico y de screening de ETV en cada hospital,
en funcion de si se trata de pacientes ambulatorios, ingresados en sala convencional o
pacientes ingresados en unidades de cuidados intensivos (UCI); y en funcién del uso o

no de tromboprofilaxis (asi como de las dosis empleadas). En el metaanalisis publicado
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por Nopp et al en 2020, que incluyd un total de 28.173 pacientes, la prevalencia
estimada de ETV fue de 14,1% (95% intervalo de confianza (IC) 11,6-16,9); con un
40,3% (95% IC 27-54,3) si se realizaba screening de TVP mediante ecografia y un 9,5%
(95% IC 7,5-11,7) si no se realizaba el screening. El analisis de subgrupos mostré una
gran heterogeneidad, con una prevalencia de ETV de 7,9% (95% IC 5,1-11,2) en
pacientes hospitalizados sin requerimientos de UCI y 22,7% (95% IC 18,1-27,6) en
pacientes de UCI (80). Pese a estas diferencias, lo que si que parece claro es que la
infeccion por SARS-CoV-2 se asocia a coagulopatia, favoreciendo el desarrollo de ETV
por varios mecanismos. En primer lugar, el SARS-CoV-2 interactua con el receptor de la
enzima convertidora de angiotensina en las células endoteliales, lo que da como
resultado una mayor liberacion del vasoconstrictor angiotensina-Il y una disfuncion
endotelial (81). Ademas, la respuesta inflamatoria desempena un papel fundamental a
través de la activacion del complemento, elevando los niveles de citoquinas
proinflamatorias, como la interleucina-6 y la interleucina-17A, que activan las
plaquetas, el FT y la coagulaciéon (82,83). Por ultimo, estudios recientes han
demostrado alteraciones tanto de la coagulacion como de la fibrindlisis por multiples

vias, como la reduccion de antitrombina y proteina C y el aumento del PAI-1 (83,84).

Con esta premisa de un aumento de eventos trombdticos asociados a la infeccion por
SARS-CoV-2, y la publicacion de estudios observacionales que sugerian una
disminucion de la mortalidad asociada con la administracién de tratamiento
anticoagulante a los pacientes con infecciéon grave (85-87), algunas Sociedades
Médicas dedicadas a la ETV empezaron a recomendar el uso de dosis intermedias (o
incluso dosis plenas) de anticoagulacion como tromboprofilaxis en pacientes
seleccionados con un mayor riesgo de trombosis (pacientes de UCI, pacientes con peso
> 80kg o pacientes con niveles elevados de dimero-D, entre otros) (88—90), aun sin
tener evidencia clinica del posible beneficio de esta indicacidon en ensayos clinicos

aleatorizados.

En este contexto, se publicaron posteriormente estudios que describian un aumento
en la prevalencia de sangrados en estos pacientes, con especial énfasis en los

pacientes de UCI (91-93).
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Estos datos pusieron ain mas en duda la indicacién del uso de dosis mayores de las
habituales de tromboprofilaxis e instigaba a la necesidad de realizar estudios
aleatorizados prospectivos que evaluaran el riesgo/beneficio del tratamiento

anticoagulante en estos pacientes.
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2. HIPOTESIS
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1. Establecer las ratios de recurrencia, sangrado mayor, y las tasas de mortalidad tras
un primer episodio de trombosis no provocada, puede ayudar en la decisidon de
mantener o suspender la anticoagulacion tras 3-6 meses de tratamiento
anticoagulante en estos pacientes.

2. La correcta identificacién de los factores de riesgo de recurrencia y de sangrado
mayor tras un primer episodio de trombosis no provocada puede ayudar al
desarrollo de un score clinico que identifique y clasifique a los pacientes en funcion
de su riesgo, tanto de recurrencia como de sangrado, y ayude en la decisién de
mantener o suspender el tratamiento anticoagulante mas alld de los 3-6 meses.

3. La mortalidad tras una recurrencia en forma de tromboembolismo pulmonar es
mayor que tras una recurrencia en forma de trombosis venosa profunda, por lo
qgue identificar los factores de riesgo independientes, de estos dos eventos, es
relevante y puede ayudar en la decision de mantener o suspender el tratamiento
anticoagulante mas alla de los 3-6 meses.

4. Los pacientes con edad avanzada, que presentan un riesgo mas alto de sangrado
mayor, podrian beneficiarse de la suspensidn del tratamiento anticoagulante tras
3-6 meses si su riesgo de recurrencia no fuera mayor que el de los pacientes mas
jovenes.

5. La colocacion de filtros de vena cava sin una clara indicacién y la no retirada de los
mismos, esta asociado a un aumento de complicaciones en estos pacientes entre
las que se incluye, entre otros, la recurrencia trombética.

6. En los pacientes oncoldgicos, las tasas de no retirada y de complicaciones de los
filtros de vena cava podrian ser mayores que en los pacientes no oncoldgicos.

7. La utilizacién de dosis intermedias o dosis plenas de anticoagulacion como
tromboprofilaxis en pacientes no criticos, ingresados con infeccién activa por SARS-
CoV-2, puede estar asociado con un aumento del riesgo de sangrado en estos
pacientes sin un mayor beneficio en términos de prevencion de eventos
trombadticos y/o necesidad de ingreso en una unidad de cuidados intensivos y/o

mortalidad.
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3. OBIJETIVOS
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Evaluar las tasas de recurrencia y sangrado mayor, asi como la tasa de letalidad
(Case Fatality Rate, CFR) a los 10 dias de estos eventos, tras la suspensiéon del
tratamiento anticoagulante, en pacientes con un primer episodio de trombosis no
provocada.

Identificar factores de riesgo predictores de recurrencias y sangrado mayor tras la
suspension del tratamiento anticoagulante en pacientes con un primer episodio de
trombosis no provocada.

Evaluar de forma independiente los factores de riesgo de recurrencia en forma de
trombosis venosa profunda y tromboembolismo pulmonar en pacientes con un
primer episodio de trombosis no provocada.

Evaluar las tasas de recurrencia y sangrado mayor tras la suspensién del
tratamiento anticoagulante en pacientes mayores de 75 anos con un primer
episodio de trombosis.

Caracterizar los motivos de colocacion de los filtros de vena cava y las
complicaciones derivadas de la no retirada de los mismos en un hospital terciario.
Comparar las tasas de retirada y complicaciones de los filtros de vena cava entre
pacientes oncoldgicos y no oncoldgicos.

Evaluar la eficacia y seguridad de la tromboprofilaxis farmacoldgica a diferentes

dosis en pacientes hospitalizados (no criticos) con infeccion por SARS-CoV-2.
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4. MATERIAL, METODOS Y RESULTADOS
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Articulo 1

Para el primer, segundo y tercer objetivo se llevd a cabo un estudio con datos del
registro RIETE (Registro Informatizado de Pacientes con Enfermedad TromboEmbdlica),
donde evaluamos las tasas de recurrencia y de sangrado mayor, al suspender el
tratamiento anticoagulante, en 8.261 pacientes tras un primer episodio de ETV no
provocada. Tras una media de seguimiento de casi 1 afo tras la suspension del
tratamiento anticoagulante, las tasas de recurrencia (9,8 eventos/pacientes/afio)
fueron mucho mayores que las tasas de sangrado mayor (0,6 eventos/pacientes/afo),
pero la tasa de mortalidad a los 10 dias de estos eventos, fue mucho mas elevada en
los pacientes con un sangrado mayor (24%) que en los pacientes con recurrencias en
forma de TEP (4,6%) y TVP (0,4%). A su vez, se analizaron los factores de riesgo de
recurrencia de TEP, TVP y sangrado en estos pacientes y vimos que estos factores
difieren. Los pacientes con TEP inicial y demencia son mds propensos a recurrir en
forma de TEP y aquellos con TVP inicial, depresién y uso concomitante de
corticoesteroides son mds propensos a recurrir en forma de TVP. Por contra, la edad
avanzada, la enfermedad inflamatoria intestinal y la anemia se asociaron con un mayor
riesgo de sangrado mayor. Con estos factores prondsticos obtenidos, desarrollamos
un score clinico de riesgo de recurrencias en forma de TEP y otro para la prediccién de
sangrado mayor y estratificamos a los pacientes en alto o bajo riesgo de cada uno de

estos eventos.

Articulo 1: Cristina Gabara, Jesus Aibar, Yuji Nishimoto, Yugo Yamashita, Paolo
Prandoni, Geoffrey D Barnes, Behnood Bikdeli, David Jiménez, Pablo Demelo-
Rodriguez, M2 Luisa Perisl, Son Truong Nguyen, Manuel Monreal and the RIETE
Investigators. Clinical outcomes after discontinuing anticoagulant therapy in patients
with first unprovoked venous thromboembolism. Journal of Thrombosis and
Haemosthasis. 2024; 22 (8):2234-2246. doi: 10.1016/j.jtha.2024.05.007. Epub 2024
May 16. PMID: 38762019.

61



62



Received: 17 February 2024 Revised: 4 May 2024 Accepted: 8 May 2024

https://doi.org/10.1016/j.jtha.2024.05.007

ORIGINAL ARTICLE

Clinical outcomes after discontinuing anticoagulant therapy in
patients with first unprovoked venous thromboembolism

Cristina Gabara®® | Jesus Aibar’ ® | Yuji Nishimoto®® | Yugo Yamashita* |
Paolo Prandoni® | Geoffrey D. Barnes® | Behnood Bikdeli”®?*° | David Jiménez'"
1314 | Son Truong Nguyen®® |

the Registro Informatizado Enfermedad Trombo Embodlica

Pablo Demelo-Rodriguez'? | Ma Luisa Peris

Manuel Monreal’®?’ |

Investigators

LInternal Medicine Department, Hospital Clinic de Barcelona, Instituto de Investigaciones Biomédicas August Pi i Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain
2Division of Cardiology, Osaka General Medical Center, Osaka, Japan

3Cardiology Department, Hyogo Prefectural Amagasaki General Medical Center, Amagasaki, Japan

“Cardiovascular Medicine Department, Graduate School of Medicine, Kyoto University, Kyoto, Japan

SArianna Foundation on Anticoagulation, Bologna, Italy

®Department of Internal Medicine, Frankel Cardiovascular Center, University of Michigan, Ann Arbor, Michigan, USA

“Cardiovascular Medicine Division, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts, USA

8Thrombosis Research Group, Brigham and Women'’s Hospital, Harvard Medical School, Boston, Massachusetts, USA

“Yale New Haven Hospital (YNHH)/Yale Center for Outcomes Research and Evaluation (CORE), New Haven, Connecticut, USA

10Cardiovascular Research Foundation (CRF), New York City, New York, USA

HRespiratory Department, Hospital Ramén y Cajal and Universidad de Alcala. Madrid, CIBER de Enfermedades Respiratorias (CIBERES), Madrid, Spain
2Department of Internal Medicine, Hospital General Universitario Gregorio Marafién, Madrid, Spain

3Department of Internal Medicine, Consorcio Hospitalario Provincial de Castellon, Castellén, Spain

Universidad Cardenal Herrera-CEU, Centro de Estudios Universitarios (CEU), Castellén, Spain

15Department of Hematology, Cho Ray Hospital, Ho Chi Minh, Vietnam

16Chair for the Study of Thromboembolic Disease, Faculty of Health Sciences, Universidad Catélica San Antonio de Murcia, Murcia, Spain

Y7Centro de Investigacién Biomédica en Red (CIBER), Enfermedades Respiratorias (CIBERES), Madrid, Spain

Correspondence
Jesus Aibar, Internal Medicine Department, Abstract
Hospital Clinic de Barcelona, Instituto de Background: The duration of anticoagulation for a first episode of unprovoked venous

Investigaciones Biomédicas August Pi i
Sunyer (IDIBAPS), University of Barcelona,
Barcelona, Villarroel Street, 170, 08036 risk of major bleeding.
Barcelona, Spain.
Email: jaibar@clinic.cat

thromboembolism (VTE) should balance the likelihood of VTE recurrence against the

Objectives: Analyze rates and case-fatality rates (CFRs) of recurrent VTE and major

bleeding after discontinuing anticoagulation in patients with a first unprovoked VTE
Funding information

We express our gratitude to SANOFI and
ROVI for supporting this registry with an Methods: We compared the rates and CFRs in patients of the Registro Informatizado
unrestricted educational grant.

after at least 3 months of anticoagulation.

Enfermedad Trombo Embolica (RIETE) and Contemporary management and outcomes

Manuscript handled by: Jeffrey I. Zwicker
Final decision: Jeffrey |. Zwicker, 08 May 2024

© 2024 International Society on Thrombosis and Haemostasis. Published by Elsevier Inc. All rights are reserved, including those for text and data mining, Al training,
and similar technologies.

J Thromb Haemost. 2024;m:1-13 jthjournal.org 1



GABARA ET AL

in patients with venous thromboembolism registries. We used logistic regression
models to identify predictors for recurrent pulmonary embolism (PE) and major
bleeding.

Results: Of 8261 patients with unprovoked VTE in RIETE registry, 4012 (48.6%) had
isolated deep vein thrombosis (DVT) and 4250 had PE. Follow-up (median, 318 days)
showed 543 recurrent DVTs, 540 recurrent PEs, 71 major bleeding episodes, and 447
deaths. The Contemporary management and outcomes in patients with venous throm-
boembolism registry yielded similar results. Corresponding CFRs of recurrent DVT, PE,
and major bleeding were 0.4%, 4.6%, and 24%, respectively. On multivariable analyses,
initial PE presentation (hazard ratio [HR], 3.03; 95% Cl, 2.49-3.69), dementia (HR, 1.47;
95% Cl, 1.01-2.13), and anemia (HR, 0.72; 95% Cl, 0.57-0.91) predicted recurrent PE,
whereas older age (HR, 2.11; 95% Cl, 1.15-3.87), inflammatory bowel disease (HR, 4.39;
95% Cl, 1.00-19.3), and anemia (HR, 2.24; 95% Cl, 1.35-3.73) predicted major bleeding.
Prognostic scores were formulated, with C statistics of 0.63 for recurrent PE and 0.69
for major bleeding.

Conclusion: Recurrent DVT and PE were frequent but had low CFRs (0.4% and 4.6%,

respectively) after discontinuing anticoagulation. On the contrary, major bleeding was

KEYWORDS

1 | INTRODUCTION

The optimal management of venous thromboembolism (VTE)
following a first unprovoked episode is a multifaceted challenge that
extends beyond the initial treatment phase [1-14]. Clinicians face the
difficulty of predicting and preventing recurrent events, which tend to
follow the presentation of the initial episode. Patients with an initial
deep vein thrombosis (DVT) are more likely to experience subsequent
DVT, while those who suffer a pulmonary embolism (PE) are at a
higher risk for another PE [6]. This pattern of recurrence is not merely
a matter of frequency but also of severity, as the case-fatality rates
(CFRs) of recurrent DVT and PE are notably different, with PE car-
rying a more substantial risk of mortality [15].

The intricacy of postanticoagulation care is further heightened by the
nonnegligible risk of major bleeding, which remains substantial even after
anticoagulants are withdrawn [16]. This persistent threat of bleeding adds
a critical dimension to the risk-benefit analysis that must be carefully
weighed against the possibility of recurrent VTE. The decision to dis-
continue anticoagulation is thus a delicate balance, necessitating an
approach informed by robust evidence and patient-specific factors.

Acknowledging these complexities, we utilized data from the in-
ternational Registro Informatizado Enfermedad Trombo Embolica
(RIETE) registry to systematically assess the rates of recurrence for
both DVT and PE patients, their respective CFRs, and the rates and
CFR of major bleeding following the cessation of anticoagulant ther-

apy. Cross-validation with the Contemporary management and

rare but had high CFR (24%). A few clinical factors may predict these outcomes.

bleeding, mortality, recurrence, unprovoked, venous thromboembolism

outcomes in patients with venous thromboembolism (COMMAND-
VTE) registry was done to reinforce the robustness of our findings.
Additionally, we aimed to identify independent predictors for these
critical outcomes (distinguishing between the types of VTE recur-
rence), offering a nuanced approach to postanticoagulation risk
assessment and informing the complex decision-making process to
both patients and clinicians. This effort aims to provide clinicians with
a clearer framework for navigating the challenging landscape of long-
term VTE treatment and ultimately enhance patient-centered care

strategies.

2 | METHODS

The RIETE registry represents a comprehensive and ongoing database,
capturing the experiences of consecutive patients with objectively
confirmed VTE. Spanning 207 enrolling centers across 28 countries from
Europe, North and South America, Asia, and Africa, RIETE currently in-
cludes over 120 000 patients with VTE. The methodology of RIETE is
detailed extensively in prior publications [17]. The COMMAND-VTE
registry is a physician-initiated, multicenter cohort study in which
consecutive patients with acute symptomatic VTE among 29 centers in
Japan were included between January 2010 and August 2014 [18]. They
enrolled consecutive patients who met the definition of acute symp-
tomatic VTE diagnosed within 31 days from symptom onset during the
study period.
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2.1 | Eligibility criteria

We enrolled consecutive patients presenting with acute, symptomatic
PE or isolated lower-limb DVT, confirmed through objective testing
methods such as helical computed tomography (CT) scan, ventilation-
perfusion lung scintigraphy, or angiography for PE, and compression
ultrasonography or contrast venography for DVT, into the RIETE
registry. In March 2009, a comprehensive list of comorbidities was
integrated into the RIETE registry; thus, our analysis included only
patients enrolled after this enhancement. Patients were excluded if
they were engaged in blinded therapeutic clinical trials. Informed
consent was obtained from all patients or their proxies, according to
local ethical standards. For patients with cognitive impairments, such
as those with dementia, proxies provided consent on behalf of the
patients, ensuring adherence to ethical guidelines.

The current study considered patients with a first episode of
unprovoked VTE who had undergone at least 3 months of anticoag-
ulant therapy and subsequently discontinued anticoagulation.
Exclusions were prior VTE, any VTE-related events (recurrent VTE or
major bleeding) or death appearing during anticoagulation, the use
of an inferior vena cava filter, or lack of follow-up posttherapy
discontinuation before/by the time of discontinuation. Unprovoked
VTE was defined in the absence of cancer, recent immobilization or
surgery, pregnancy, postpartum period, hormone therapy, or pro-

longed travel.

2.2 | Study outcomes

The main study outcomes were the incidence and severity of recur-
rent VTE and that of major bleeding. We also separately explored
recurrent DVT and recurrent PE. Each episode of clinically suspected
recurrent VTE was investigated by repeat compression ultrasonog-
raphy, lung scan, helical CT scan, or pulmonary angiography, as
appropriate. Recurrent PE was defined as a new ventilation-perfusion
mismatch on a lung scan or a new intraluminal filling defect on spiral
CT of the chest in patients with respiratory symptoms, suggesting a
new PE. Recurrent DVT was defined as a new noncompressible vein
segment or an increase in the vein diameter of at least 4 mm from the
last available measurement on venous ultrasound. Major bleeding
events were defined as overt bleeding requiring the transfusion of 2
or more units of blood, occurring at a critical site, or contributing to
death, which are closely similar to the definition by the International
Society of Thrombosis and Haemostasis criteria [19]. All outcomes
were classified as reported by the clinical centers. Among patients
with recurrent VTE or with major bleeding, we also ascertained the
CFR of PE, DVT, and major bleeding following discontinuation of
anticoagulant therapy. CFR was defined as the proportion of all events
(nonfatal and fatal) that were fatal within the first 10 days, as in
previous studies on the same topic [1]. Considering the incidence and
CFR of the events, we also provided the total number of deaths due to
PE and major bleeding in this population.

jth--2
2.3 | Baseline variables
At the initial VTE episode, we collected data on demographics, initial
VTE presentation, vital signs, imaging tests, concurrent conditions,
medications, laboratory results, and treatment specifics. Dementia
was defined as the loss of memory, language, problem-solving, and
other thinking abilities that were severe enough to interfere with
patients’ daily lives. Anemia was defined as a hemoglobin level of less
than 13 g/dL in men and less than 12 g/dL in women. Follow-up data

included outcomes observed after cessation of anticoagulant therapy.

24 | Treatment and follow-up

Patient management reflected the practices of each participating cen-
ter. The specifics of anticoagulant therapy, including drug choice,
dosing, and duration, were at the discretion of the treating clinicians.
Follow-up consisted of outpatient or telephonic consultations, with

assessments for signs or symptoms of recurrent VTE or major bleeding.

2.5 | Statistical analysis

We present categorical variables as percentages and continuous vari-
ables as means and SDs or medians with IQR for nonnormally distrib-
uted data. Considering the large sample size, we anticipated that many
pairwise hypothesis tests (P values) would be highly statistically sig-
nificant. To identify comparisons of clinical relevance, rather than those
that will show statistical significance of unclear clinical relevance, we
reported standardized differences (STDs). STD > 0.1 in absolute value
was considered relevant. In the case of continuous variables, the STD
was estimated as mean differences divided by a common SD (square
root of the sum of variances of each group divided by 2).

Incidence rates were calculated per 100 person-years with cor-
responding Cls. Time-to-event regression models, considering
competing risks, facilitated the exploration of associations between
baseline variables and the risks for recurrent PE, recurrent DVT, or
major bleeding. The COMMAND-VTE registry served as external
validation of our findings.

The risk of developing recurrent PE and major bleeding after
discontinuing anticoagulation was assessed using logistic regression
models. Covariates entering the models were selected by a signifi-
cance level of P on univariable analyses. We built 2 prognostic scores
(1 for recurrent PE and 1 for major bleeding), assigning points to each
independent variable according to regression coefficients p. Then, we
tried to identify patients at high risk for every outcome. We did not
build a prognostic score for recurrent DVT since its CFR was found to
be near zero. Discrimination was quantified by calculating sensitivity,
specificity, positive and negative predictive values, positive and
negative likelihood ratio, and area under the receiver operating
characteristic curve. SPSS software (version 22, SPSS Inc) was used for

the statistical management of the data.



4 jﬂ1 GABARA ET AL

TABLE 1 Baseline clinical characteristics, treatment, and outcomes during anticoagulation in 32 510 patients with unprovoked venous
thromboembolism. Comparison between included vs excluded patients in the study.

Patients without exclusion criteria
Patients with exclusion

Discontinued anticoagulation, Continued with anticoagulation, criteria,
n (%) n (%) n (%)

Patients, N 8261 15 930 8319

Male sex 4564 (55) 8908 (56) 4489 (54)

Age, y (mean * SD) 66 + 16 67 + 16 68 + 16°

Body weight, kg (mean + SD) 78 + 16 80 + 172 79 + 17
Comorbidities

Hypertension 4055 (49) 8089 (51) 4338 (52)

Chronic lung disease 967 (12) 1696 (11) 1054 (13)

Chronic heart failure 384 (4.6) 936 (5.9) 633 (7.6)?

Prior VTE 0 0 6126 (74)°
Initial VTE presentation

Isolated, distal lower-limb DVT 664 (8.0) 745 (4.7)? 468 (5.6)

Isolated, proximal lower-limb DVT 3347 (41) 4886 (31)° 2921 (35)?

Isolated PE 3254 (39) 7733 (49)° 3554 (43)

Concomitant DVT and PE 996 (12) 2566 (16)° 1376 (17)?
Laboratory tests

Anemia 1819 (22) 3323 (21) 2103 (25)

Platelet count < 100 000/pL 145 (1.8) 276 (1.7) 227 (2.7)

CrCl levels < 60 mL/min 2438 (30) 4807 (30) 2860 (34)?
Concomitant drugs

Corticosteroids 537 (6.5) 1031 (6.5) 675 (8.1)

Antiplatelets 1187 (14) 2556 (16) 1720 (21)?

Statins 2043 (25) 3894 (24) 2080 (25)
Initial therapy

Low-molecular-weight heparin 7454 (90) 13 067 (82)° 6718 (81)°

Unfractionated heparin 191 (2.3) 809 (5.1)? 450 (5.4)?

Direct oral anticoagulants 371 (4.5) 1147 (7.2)? 562 (6.8)

Inferior vena cava filter 0 0 513 (6.2)°
Long-term therapy

Vitamin K antagonists 4940 (60) 8623 (54)? 4286 (52)?

Direct oral anticoagulants 1404 (17) 4723 (30)° 1894 (24)?

Low-molecular-weight heparin 1811 (22) 2396 (15)? 1611 (19)
Duration of anticoagulation

Days, median (IQR) 199 (120-341) 211 (117-430)° 211 (102-505)°
Outcomes during anticoagulation

VTE recurrences 0 0 660 (7.9)°

Major bleeding 0 0 643 (7.7)°

Death 0 0 1259 (15)

CrCl, creatinine clearance; DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.
Comparisons between included and excluded patients in the study: ®standardized differences (STD), 0.1-0.2; ®STD, 0.21-0.5; °STD, >0.5.



GABARA ET AL

3 | RESULTS

3.1 | Study overview and exclusion criteria

Between March 2009 and August 2023, 32 510 patients with
unprovoked VTE were enrolled in the RIETE registry. Of these, 8319
(25.6%) were excluded due to previous VTE (6126 patients), inferior
vena cava filter placement (513), complications during anticoagulation
(recurrent VTE 660, major bleeding 643), or death (1259). An addi-
tional 15 930 patients (49%) were continuing anticoagulant therapy.
The analysis thus focused on the 8261 patients (25.4%) who ceased
anticoagulant therapy and had a minimum of 30 days follow-up. The
clinical characteristics at the time of the index VTE event were mostly
similar across included and excluded patients, with a notable excep-
tion that a higher proportion of the included patients initially pre-
sented with isolated DVT as opposed to PE (Table 1).

In the COMMAND-VTE registry, from January 2010 to August
2014, out of 1340 patients with unprovoked VTE, 469 (35%) were
excluded from the study. Moreover, 552 (41.2%) did not discontinue
anticoagulant therapy or lacked post discontinuation follow-up. The
study ultimately included 319 patients (23.8%). The proportions of
patients with follow-up data postanticoagulation discontinuation and
those meeting exclusion criteria were notably similar in both registries

(Supplementary Figure).

3.2 | Baseline characteristics of the study
population

In the RIETE registry, the mean age of the patients was 66 years, with
55% being male. The patients exhibited various comorbidities, the
most prevalent being hypertension (49%). At their initial VTE event,
4011 patients (49%) presented with isolated lower-limb DVT (prox-
imal 3347, distal 664), and 4250 (51%) had PE (isolated PE 39%,
concomitant DVT and PE 12%). Those initially presenting with isolated
DVT were less likely to have chronic heart failure, prior artery disease,
or chronic lung disease compared with those with PE, but no signifi-
cant differences were observed in other variables (Table 2). Similar
patterns of baseline characteristics were observed in COMMAND-
VTE registry patients who discontinued anticoagulation compared
with those who continued with anticoagulation, with a higher inci-
dence of isolated distal DVT in those who discontinued

(Supplementary Table).

3.3 | Outcomes after discontinuing anticoagulation
After anticoagulation was stopped (median follow-up, 318 days), 1083
patients experienced a recurrent VTE event (DVT 543, PE 540), 71
had major bleeding (intracranial 27, gastrointestinal 21, other sites
23), and 447 patients died (Table 3). Respective rates were 9.82 VTE

jth--

TABLE 2 Clinical characteristics of the patients included in the
study, according to initial venous thromboembolism presentation.

Isolated lower- PE with or
limb DVT, without DVT,
n (%) n (%) STD
Patients, N 4011 4250
Male sex 2315 (58) 2249 (53) 0.097
Age, years (mean + 65+ 16 67 £ 16 0.093
SD)
Body weight, kg 78 + 16 78 + 16 0.048
(mean %= SD)
Comorbidities
Current smoking 627 (16) 575 (14) 0.060
Hypertension 1876 (47) 2179 (51) 0.090
Diabetes 578 (14) 653 (15) 0.027
Chronic heart failure 106 (2.6) 278 (6.5) 0.187
Recent major 26 (0.65) 42 (0.99) 0.038
bleeding
Prior artery 404 (10) 578 (14) 0.109
disease
Leg varicosities 783 (20) 682 (16) 0.091
Chronic lung disease 384 (9.6) 583 (14) 0.129
Gastroduodenal 38 (0.95) 43 (1.0) 0.007
ulcer
Hiatal hernia 116 (2.9) 182 (4.3) 0.075
Inflammatory bowel 34 (0.85) 34 (0.80) 0.005
disease
Chronic liver disease 71 (1.8) 55 (1.3) 0.039
Chronic alcoholism 48 (1.2) 69 (1.6) 0.036
Dementia 176 (4.4) 162 (3.8) 0.029
Depression 236 (5.9) 323 (7.6) 0.068
Schizophrenia 57 (1.4) 82 (1.9) 0.040
Parkinson disease 46 (1.1) 63 (1.5) 0.029
Epilepsy 49 (1.2) 49 (1.2) 0.006
Laboratory tests
Anemia 876 (22) 943 (22) 0.008
Platelet count < 81 (2.0) 64 (1.5) 0.039
100 000/pL
CrCl levels < 60 mL/ 1122 (28) 1316 (31) 0.066
min
Concomitant drugs
Statins 981 (24) 1062 (25) 0.012
Antiplatelets 515 (13) 672 (16) 0.085
Corticosteroids 248 (6.2) 289 (6.8) 0.025

CrCl, creatinine clearance; DVT, deep vein thrombosis; PE, pulmonary
embolism; STD, standardized difference.
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TABLE 3 Clinical outcomes during follow-up, according to initial venous thromboembolism presentation.

Isolated lower-limb DVT

PE with or without DVT

Events per 100

RIETE registry
Patients, N 8261 4011

Days, median (IQR) 316 (123-747)

Outcomes
Recurrent PE 540 131 2.20 (1.85-2.61)
Recurrent DVT 543 429 7.76 (7.05-8.52)
Major bleeding 71 27 0.45 (0.30-0.64)
Intracranial 27 10 0.16 (0.08-0.29)
Gastrointestinal 21 8 0.13 (0.06-0.25)
Hematoma 7 3 0.05 (0.01-0.13)
Other sites 16 6 0.10 (0.04-0.21)
All-cause death 447 156 2.57 (2.19-2.99)
Death within 10 d
Fatal VTE 27 8 0.13 (0.06-0.25)
Fatal bleeding 17 6 0.10 (0.04-0.21)
COMMAND-VTE registry
Patients, N 156
Days, median (IQR) 907 (426-1440)
Outcomes
Recurrent PE 21 2 0.53 (0.13-2.12)
Recurrent DVT 18 14 3.71 (2.20-6.27)
Major bleeding 6 2 0.49 (0.12-1.97)
All-cause death 28 19 4.68 (2.99-7.34)
Death within 10 d
Recurrent VTE 0 0 =
Major bleeding 0 0 -

patient-years (95% Cl ) N

Events per 100

patient-years (95% Cl) Rate ratio (95% ClI)

4250
319 (129-671)

409 7.06 (6.40-7.77) 0.31 (0.26-0.38)
114 1.89 (1.56-2.26) 4.12 (3.36-5.08)
44 0.71 (0.53-0.95) 0.62 (0.38-1.00)
17 0.28 (0.17-0.43) 0.60 (0.26-1.30)
13 0.21 (0.12-0.35) 0.63 (0.25-1.51)
4 0.06 (0.02-0.16) 0.76 (0.14-3.70)
10 0.16 (0.08-0.29) 0.61 (0.21-1.68)
291 4.70 (4.18-5.26) 0.55 (0.45-0.66)
19 0.31 (0.19-0.47) 0.43 (0.18-0.96)
11 0.18 (0.09-0.31) 0.56 (0.19-1.50)
153

815 (424-1353)

19 7.75 (3.69-16.3) 0.09 (0.02-0.41)
4 1.18 (0.44-3.13) 3.16 (1.04-9.59)
4 1.07 (0.40-2.84) 0.46 (0.84-2.52)
9 2.40 (1.25-4.62) 1.95 (0.88-4.31)
0 - -
0 . -

Results are expressed as rates per 100 patient-years and 95% Cls (in parentheses).

Cl, confidence intreval; COMMAND-VTE, Contemporary management and outcomes in patients with venous thromboembolism; DVT, deep vein
thrombosis; PE, pulmonary embolism; RIETE, Registro Informatizado Enfermedad Trombo Embolica; VTE, venous thromboembolism.

recurrences per 100 patient-years (95% Cl, 9.24-10.4): 4.60 re-
currences per 100 patient-years in the form of PE (95% Cl, 4.22-5.00),
4.69 in the form of DVT (95% Cl, 4.31-5.10), and 0.58 major bleeds
per 100 patient-years (95% Cl, 0.46-0.73). The CFRs within 10 days
were 0.4% for recurrent DVT, 4.6% for recurrent PE, and 24% for
major bleeding. Overall, VTE-related fatalities marginally surpassed
those related to bleeding (27 vs 17 deaths).

Compared with patients who initially presented with PE, those
with DVT had a lower rate of recurrent VTE in the form of PE (rate
ratio [RR], 0.31; 95% ClI, 0.26-0.38), all-cause mortality (RR, 0.55;
95% Cl, 0.45-0.66), and VTE-related death (RR, 0.43; 95% Cl, 0.18-

0.96; Table 3 and Figure 1). The rates of major bleeding were
nonsignificantly different (RR, 0.62; 95% Cl, 0.38-1.00), while the rate
of recurrent VTE in the form of DVT was significantly higher (RR, 4.12;
95% Cl, 3.36-5.08). The index DVT being proximal or distal appeared
to influence the outcomes marginally (Figure 2). Outcomes varied
slightly between patients initially presenting with isolated PE vs
concomitant DVT and PE.

In the COMMAND-VTE registry, the outcomes after discontinu-
ing anticoagulation (median follow-up, 870 days; IQR, 424-1381 days)
were as follows: 21 patients (6.6%) had recurrent PE, 18 (5.6%) had

recurrent DVT, and 6 (1.9%) experienced major bleeding. Among
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those initially presenting with DVT (166 patients), the following were
observed: 14 recurrent DVTs (8.4%), 2 PEs (1.2%), and 2 major
bleeding events (1.2%). Among patients initially presenting with PE
(153 patients), the outcomes were 4 DVTs (2.6%), 19 recurrent PEs
(12.4%), and 4 major bleedings (2.6%). Notably, no deaths occurred
within the first 10 days following these events (Table 3 and Figure 1).

3.4 | Predictors of outcomes in the RIETE cohort

Multivariable analyses identified that an initial VTE presentation as PE
(hazard ratio [HR], 3.03; 95% Cl, 2.49-3.69), dementia (HR, 1.47; 95%
Cl, 1.01-2.13), and baseline anemia (HR, 0.72; 95% Cl, 0.57-0.91) were
independent predictors of recurrent PE (Table 4). In contrast, initial
presentation as PE (HR, 0.24; 95% Cl, 0.20-0.30), depression
(HR, 1.49; 95% CI, 1.12-1.98), and corticosteroid use (HR, 1.46;
95% Cl, 1.08-1.96) were associated with an increased risk for recur-

rent DVT. Additionally, predictors for major bleeding included older
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TABLE 4 Multivariable analyses (with competing risk analysis) for recurrent pulmonary embolism, recurrent deep vein thrombosis, and

major bleeding.

Demographics
Male sex
Age >75y
Comorbidities
Current smoking
Hypertension
Diabetes
Chronic heart failure
Prior artery disease
Gastroduodenal ulcer
Inflammatory bowel disease
Chronic liver disease
Dementia
Depression
Anemia
CrCl levels < 60 mL/min
Initial VTE presentation
Isolated DVT
Pulmonary embolism
Concomitant drugs
Antiplatelets

Corticosteroids

Recurrent PE
HR (95% Cl)

0.95 (0.80-1.13)
1.07 (0.86-1.33)

1.16 (0.90-1.38)

1.47 (1.01-2.13)

0.72 (0.57-0.91)
1.05 (0.84-1.30)

Ref.
3.03 (2.49-3.69)

Recurrent DVT
HR (95% ClI)

1.09 (0.92-1.31)
0.92 (0.76-1.12)

1.09 (0.87-1.38)
0.81 (0.63-1.06)
0.70 (0.42-1.17)
0.94 (0.68-1.30)

1.50 (0.86-2.62)

1.49 (1.12-1.98)

Ref.
0.24 (0.20-0.30)

0.96 (0.71-1.28)
1.46 (1.08-1.96)

Major bleeding
HR (95% CI)

2.11 (1.15-3.87)

1.03 (0.57-1.86)
1.15 (0.62-2.14)
1.25 (0.53-2.94)
1.52 (0.79-2.90)
2.87 (0.90-9.13)
4.39 (1.00-19.3)

1.51 (0.73-3.10)
2.24 (1.35-3.73)
0.96 (0.54-1.71)

Ref.
1.35 (0.82-2.21)

1.53 (0.81-2.90)

Rates are expressed as number of events per 100 patient-years and 95% Cls (in parentheses).

CrCl, creatinine clearance; DVT, deep vein thrombosis; HR, hazard ratio; PE, pulmonary embolism; Ref., reference; VTE, venous thromboembolism.

age (HR, 2.11; 95% CI, 1.15-3.87), inflammatory bowel disease (HR,
4.39; 95% Cl, 1.00-19.3), and anemia (HR, 2.24; 95% Cl, 1.35-3.73).

In the development of the 2 prognostic scores (1 for recurrent PE
and another for major bleeding), specific point values were assigned to
each predictor based on their statistical significance and relative
weights in the regression model. The detailed point attribution for each
predictor is as follows: for recurrent PE: dementia +0.4 points; ane-
mia -0.3 points; and initial presentation as PE +1.1 points. For major
bleeding: age >75 years +0.7 points; inflammatory bowel disease +1.5
points; and anemia +0.8 points. Subsequently, patients were catego-
rized based on their total score: a total score above O points for each
model was considered indicative of a high-risk category.

In the cohort, 4426 patients (53.6%) were classified as high risk
for recurrent PE based on the score. Of these high-risk patients, 423
(9.6%) experienced a recurrent PE. In contrast, among the 3835 pa-
tients (46.4%) classified as low risk, only 117 (3.1%) experienced

recurrent PE (Table 5). For major bleeding events, 56 of 3794 patients
(1.5%) were deemed high-risk bled compared with 15 of 4467 low-risk
patients (0.3%). The predictive accuracy of the scores was quantified
using the C statistic, which was 0.63 (95% Cl, 0.61-0.66) for the
recurrent PE score and 0.69 (95% Cl, 0.63-0.75) for the major
bleeding score. Cumulative incidence rates of recurrent PE and major
bleeding over the initial 3-year period postindex event are depicted in
Figure 3.

Stratification of the patients revealed the following: 2222 (26.9%)
were at high risk for recurrent PE and low risk for major bleeding,
1590 (19.2%) were at low risk for PE and high risk for bleeding, 2204
(26.7%) were at high risk for both, and 2245 (27.2%) were at low risk
for both (Table 5). The rate of PE recurrences was 25 times higher
than major bleeding in the first subgroup, while it was only 2.7 times
higher in the second subgroup. PE-related deaths outnumbered

bleeding-related deaths in the first subgroup (8 vs 3 deaths), whereas
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TABLE 5 Application of the 2 prognostic scores for recurrent pulmonary embolism and for major bleeding in the Registro Informatizado

Enfermedad Trombo Embdlica (RIETE) cohort and in the COMMAND-VTE cohort.

RIETE cohort
All patients
Low risk for recurrent PE (<O points)
High risk for major bleeding (>0 points)
Low risk for bleeding (<O points)
Identification of high-risk patients
C statistics
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Rates of outcomes in subgroups
High risk for PE + low risk for bleeding
Low risk for PE + high risk for bleeding
High risk for PE + high risk for bleeding
Low risk for PE + low risk for bleeding
COMMAND-VTE cohort
Rates of outcomes in subgroups
High risk for PE + low risk for bleeding
Low risk for PE + high risk for bleeding
High risk for PE + high risk for bleeding

Low risk for PE + low risk for bleeding

Recurrent PE

Major bleeding

Events/number

of patients at risk

540/8261
117/3835

0.63 (0.61-0.66)
78.3 (74.9-81.8)
48.2 (47.0-49.3)
9.56 (8.69-10.4)
96.9 (96.4-97.5)

213/2222
53/1590
210/2204
64/2245

14/77
1/107
5/76
1/49

Events per 100

patient-years (95% ClI)

4.60 (4.22-5.00)
2.05 (1.71-2.45)

6.76 (5.89-7.71)
2.33 (1.77-3.03)
7.26 (6.33-8.29)
1.87 (1.45-2.37)

8.49 (5.03-14.3)
0.41 (0.06-2.90)
2.86 (1.19-6.86)
0.76 (0.11-5.37)

Events/number

of patients at risk

71/8261
56/3794
15/4467

0.67 (0.61-0.72)
78.9 (69.4-88.4)
54.4 (53.3-55.4)
1.48 (1.09-1.86)
99.7 (99.5-99.8)

9/2222
20/1590
36/2204
6/2245

2/77
2/107
2/76
0/49

Events per 100

patient-years (95% ClI)

0.58 (0.46-0.73)
1.04 (0.79-1.34)
0.22 (0.13-0.35)

0.27 (0.13-0.49)
0.86 (0.54-1.31)
1.17 (0.83-1.60)
0.17 (0.07-0.36)

1.03 (0.26-4.11)
0.75 (0.19-3.02)
1.11 (0.28-4.44)

Recurrent PE score: dementia: +0.4 points; anemia: -0.3 points; initial presentation as PE: +1.1 points.

Major bleeding score: age >75 years: +0.7 points; inflammatory bowel disease: +1.5 points; anemia: +0.8 points.

Cl, confidence interval; COMMAND-VTE, Contemporary management and outcomes in patients with venous thromboembolism; PE, pulmonary
embolism; RIETE, Registro Informatizado Enfermedad Trombo Embolica; VTE, venous thromboembolism.

the trend was reversed in patients at low risk for PE and high risk for
bleeding (3 vs 5 deaths).

3.5 | Validation of the prognostic scores in the
COMMAND-VTE cohort

The COMMAND-VTE registry did not record data on inflammatory
bowel disease or dementia. When applying the scores to these patients,
77 (24.9%) were at high risk for recurrent PE and low risk for major
bleeding, 107 (34.6%) were at low risk for PE and high risk for bleeding,
76 (24.6%) were at high risk for both, and 49 (15.9%) were at low risk
for both. The incidence of PE recurrences was 8.2 times higher than
that of major bleeding in the first subgroup, whereas it was half as
frequent as major bleeding in the second subgroup (Table 5).

4 | DISCUSSION

In our cohort of patients with a first unprovoked VTE, the rate of
VTE recurrences after discontinuing anticoagulation (9.82 per 100
patient-years; 95% Cl, 9.24-10.4) is similar to that found in previous
studies [1]. Moreover, our study provides novel insights into these
outcomes. When we analyze predictors of recurrence, our findings
suggest that independent predictors for recurrent PE and DVT may
differ. First, it corroborates the well-documented observation that the
initial type of VTE significantly influences the probability of recurrent
events, with patients initially suffering from a PE being more prone to
subsequent PE events and those with DVT more inclined to face
further DVT occurrences [6]. Our data extend these data to a similar
pattern in patients with unprovoked VTE after discontinuation of

anticoagulant therapy. Moreover, other than the initial VTE presen-
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Recurrent PE

272 (9.5%) | 312 (13%) | 330 (15%) | 356 (18%)

Low-risk | 30 (0.9%) | 50 (1.9%)

61(2.6%) | 71 (3.4%) | 76 (4.0%) | 84 (5.3%)

High-risk | 21 (0.6%) | 33 (1.2%)
Major bleeding

43 (1.9%) 45 (2.1%) | 47 (2.4%) | 48 (2.6%)

Low-risk | 3(0.1%) 4(0.1%)

4(0.1%) | 7(04%) | 9(0.6%) | 10(0.7%)

FIGURE 3 Cumulative rates of recurrent pulmonary embolism (PE) and major bleeding after discontinuing anticoagulant therapy, according

to the prognostic scores.

tation, we found that patients with dementia had a higher risk of
recurrent PE, while those with depression and concomitant use of
corticosteroids had a higher risk of recurrent DVT. Despite the as-
sociation of dementia and a higher VTE recurrent risk making clinical
sense and may be related to reduced mobility or dehydration, to our
knowledge, it has not yet been well established in the literature. On
the other hand, depression and the concomitant use of glucocorticoids
have been previously associated with an increased risk of recurrent
VTE but not particularly with a higher risk of DVT [20,21].

Additionally, our study reports an almost negligible mortality
associated with recurrent DVT and a lower mortality following
recurrent PE than typically documented during the initial months of
anticoagulant therapy. These findings carry important implications, as
most studies in the literature concentrated on the incidence of VTE
recurrences without duly considering the mortality of these recurrent
events. The insights extracted from our large, geographically, and
ethnically diverse cohort support the need for personalized follow-up
strategies tailored to the features of the initial VTE event, which could
potentially improve outcomes.

Moreover, our analysis also highlights that the incidence of major
bleeding postanticoagulation in nonselected patients with unprovoked
VTE is not negligible. Our rate of 0.58 major bleeds per 100 patient-
years (95% ClI, 0.46-0.73) is nonsignificantly higher than the rate of
0.35 (95% Cl, 0.20-0.54) major bleeds observed in a recent meta-
analysis of randomized trials and cohort studies [16]. This risk, while

sometimes sidelined, is far from being inconsequential. We found that
although major bleeding occurs less frequently than VTE recurrence, it
exhibits a notably higher CFR when it does manifest, a concerning fact
given that these events appeared postanticoagulation. We also found
that older age, inflammatory bowel disease, and anemia independently
predicted the risk of major bleeding, as suggested in the literature
[22,23]. Therefore, the prognostic scores devised from our research
serve not merely as academic tools but as practical instruments to
guide this decision-making process. Given that nearly half of our
cohort (45.9%) falls into the high-risk category for major bleeding,
these scores are particularly relevant. They offer a systematic
approach to estimate whether the benefits of extended prevention of
VTE recurrence outweigh the risks of potential life-threatening
bleeding complications. This consideration is especially pertinent for
patients at high risk for major bleeding but at concurrently low risk for
recurrent PE. In such cases, halting anticoagulation might be a critical,
potentially life-saving intervention. Our findings thus endorse a pru-
dent approach, suggesting that for patients with a lower likelihood of
experiencing another PE episode, the peril of ongoing anticoagulation
(primarily the threat of major bleeding) may eclipse its advantages.
Nonetheless, while the prognostic scores exhibit respectable predic-
tive value, the C statistics indicate there is room to enhance predictive
precision. This indicates the potential benefit of incorporating addi-
tional variables or biomarkers into risk assessment models for a more
refined analysis.
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The present study has a number of limitations that should be
discussed. As RIETE is observational in nature, we cannot exclude the
potential influence of uncontrolled variables on the outcomes. Addi-
tionally, the decision to discontinue anticoagulation was not dictated
by any study protocol but was decided by the physician taking care of
the patient. This could have led to an underestimation of the associ-
ation between VTE recurrences and treatment discontinuation if pa-
tients perceived at higher risk were more likely to continue
anticoagulation. Conversely, the incidence of bleeding after discon-
tinuation may be overestimated if those perceived at higher risk for
bleeding were less likely to remain on anticoagulant therapy. How-
ever, it is noteworthy that there were no major differences in the
patient population included vs those excluded from the study. Finally,
dementia and inflammatory bowel disease, which together account for
one-third of the items of the scores, were not captured in the
COMMAND-VTE registry. However, the prevalence of dementia
(4.1%) and inflammatory bowel disease (0.8%) in our study population
is low. As such, while the absence in the COMMAND-VTE registry is a
limitation, it is unlikely to have substantially impacted the prognostic
accuracy for the vast majority of patients.

Our study also has some strengths not commonly found in pre-
vious research, such as a substantial sample size, consistent definition
of unprovoked VTE, and the corroboration of findings through 2 in-
dependent registries. Additionally, our study provides novel insights
into the predictors of outcomes, such as the initial VTE presentation,
patient age, and certain comorbidities. The external validation pro-
vided by the COMMAND-VTE registry not only strengthens our
conclusions but also highlights geographic and demographic variations
in VTE management outcomes. Although our study did not record
mortality within 10 days postoutcome in the COMMAND-VTE cohort,
this does not detract from the global significance of the early mortality
risks associated with these events.

In summary, our study underscores that while major bleeding is
less common than recurrent VTE after anticoagulation is stopped, it is
associated with a substantially high mortality rate. These results
emphasize the necessity to consider not just the frequency but also
the severity of potential outcomes when deciding whether to continue
or discontinue anticoagulation in patients with unprovoked VTE.
Future research should focus on refining risk stratification tools and
exploring the benefits of personalized treatment durations to optimize

patient care.
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Articulo 2

Para el cuarto objetivo se llevd a cabo un estudio con datos del registro RIETE, donde
se analizd el papel de la edad avanzada en el riesgo de recurrencia en pacientes con
ETV. Para ello se incluyeron 23.218 pacientes, de los cuales, 7.208 (31%), eran mayores
de 75 afios. Al hacer la comparacion entre grupos, las recurrencias fueron ligeramente
mas frecuentes en los pacientes mayores que en los jévenes (12% vs 10%
respectivamente), pero al realizar el analisis tras ajustar por otros factores clinicos
(caracteristicas basales, factores de riesgo de trombosis, extensidon y localizacion de la
ETV, comorbilidades...); y teniendo en cuenta el riesgo de sangrado y mortalidad, estas
diferencias desaparecian. Con todo , nuestros datos sugieren que la edad avanzada no
aumenta el riesgo de recurrencia, con respecto a los pacientes mas jévenes, pero si
que aumenta el riesgo de sangrado mayor, incluso tras la suspensién del tratamiento

anticoagulante.

Articulo 2: Prandoni P, Gabara C, Bilora F, Aibar J, Pesavento R, Villalobos A, Campello
E, Miguel PL, Tormene D, Monreal M; RIETE Investigators. Age over 75 does not
increase the risk of recurrent venous thromboembolism: Findings from the RIETE
registry. Thrombosis Research. 2023; 222: 16-19. doi: 10.1016/j.thromres.2022.12.005.
Epub 2022 Dec 17. PMID: 36549192.
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Dear Editor,

Based on current evidence, in most patients with an episode of
venous thromboembolism (VTE) extended anticoagulation is generally
recommended beyond the initial 3-6 months provided the bleeding risk
is acceptably low [1]. Among factors that are expected to increase the
risk of (major) bleeding complications is the elderly age. In a recent
overview and meta-analysis of 27 prospective cohort and randomized
clinical trials, older patients were found to exhibit a higher risk of major
or clinically relevant bleeding complications, even with the use of the
direct oral anticoagulants (DOAC) [2]. Not surprisingly, therefore, the
prolongation of anticoagulation beyond the initial 3-6 months in pa-
tients over 75 years old is generally discouraged [3]. This recommen-
dation, however, can only be justified if the risk of recurrent VTE in
patients in whom anticoagulation is discontinued does not exceed that
expected in younger individuals. As far as we know, no study has
addressed the risk of recurrent VTE beyond the age of 75. Hence, this key
question is still unanswered.

As in the framework of the international RIETE registry, aimed at
collecting information on the initial and long-term follow-up of unse-
lected patients with deep-vein thrombosis (DVT), pulmonary embolism
(PE) or both, a considerably high number of patients aged at least 75
years had their anticoagulation discontinued after the first months, we
have the opportunity to report here the rate of recurrent VTE occurring
in the subsequent follow-up as compared to that observed in younger
individuals.

The Computerized Registry of Patients with Venous Thromboem-
bolism (RIETE, NCT: 02832245) is a large prospective registry enrolling
consecutive patients, including pregnant women, with objectively
confirmed VTE since 2001 [4]. The main objective of RIETE is to provide
information to help physicians to improve their knowledge on the nat-
ural history of thromboembolic disease, including epidemiologic, diag-
nostic, prophylactic and therapeutic information. Participants in the
RIETE registry are requested to provide accurate information on pa-
tient's short and long-term outcome after the index event. All recurrent
symptomatic VTE events are diagnosed according to objective tests and

https://doi.org/10.1016/j.thromres.2022.12.005
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validated criteria for their interpretation. All enrollees provide written
or verbal informed consent according to the local ethics protocols of
enrolling centers. The institutional review board at each enrolling center
approves participation in RIETE for the site investigators and allows the
entry of de-identified patient information into the RIETE database.

Out of 96,701 eligible patients with VTE recruited in the RIETE
registry between March 2001 and September 2022, we excluded 38,552
because of: active cancer (17,870), indications for long-term anti-
coagulation such as a personal or familiar history of VTE and atrial
fibrillation (16,249), or the development of thromboembolic, bleeding
events or death during anticoagulation (4433). Of the remaining 58,149
patients, information on the clinical course following discontinuation of
anticoagulation was available in 23,218 patients, of whom 7208 (31.0
%) were aged 75 or older.

Table 1 shows the main demographic and clinical characteristics of
these patients. As expected, older patients were more likely to be
women, to have an unprovoked VTE and to have a higher rate of
comorbidities. As shown in the table, the duration of anticoagulation
prior to discontinuation was similar in the two study groups (on average,
236 days in both subgroups), whereas the duration of the subsequent
follow-up (on average, 547 and 469 days, respectively) was longer in the
older patients. The baseline characteristics of patients who were not
followed-up beyond the first three months were comparable to those of
recruited patients, except for a slightly higher prevalence of unprovoked
VTE (data not shown).

As shown in Table 2, after discontinuing anticoagulation objectively
proven symptomatic VTE recurrences (a composite of symptomatic
DVT, fatal and non-fatal PE) developed more frequently in older than in
younger patients: 861 of 7208 (11.9 %), accounting for 10.6 events per
100 patient-years, and 1581 of 16,010 (9.9 %), accounting for 7.3 events
per 100 patient-years, respectively (crude hazard ratio [HR] = 1.22; 95
% CI, 1.11-1.34). However, when the analysis was adjusted for baseline
characteristics, risk factors of thrombosis, extent and location of VTE,
risk factors of thrombosis, renal failure and other comorbidities, dura-
tion of follow-up, and was repeated after taking into account the
competing risk of bleedings and death, the difference disappeared
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Table 1

Main characteristics of the study patients.
Features Patients aged >75 (N = 7208) Patients aged <75 (N = 16,010) P-value
Demographics
Age (mean + SD) 79 +17 53 +15
Males 2635 (36.6 %) 8505 (53.1 %) <0.001
Body mass index >30 1424 (19.8 %) 3902 (24.4 %) <0.001
Known thrombophilia® 29 (0.40 %) 244 (1.5 %) <0.001
Index episode
- Proximal DVT 2891 (40.1 %) 6171 (38.5 %) 0.024
- Isolated calf DVT 514 (7.1 %) 1965 (12.3 %) <0.001
- PE alone or associated with DVT 3803 (52.8 %) 7874 (49.2 %) 0.004
Risk factors of thrombosis
- Recent trauma/surgery (<30 days) 626 (8.7 %) 2280 (14.2 %) <0.001
- Immobilization (>4 days) 2168 (30.1 %) 3618 (22.6 %) <0.001
- Hormonal therapy 51 (0.7 %) 1799 (11.2 %) <0.001
- Pregnancy/puerperium 0 516 (3.2 %) <0.001
- Long travel (>8 h) 83 (1.2 %) 674 (4.2 %) <0.001
- Unprovoked 4306 (59.7 %) 7843 (49.0 %) <0.001
Comorbidities
- Diabetes mellitus 1101 (15.3 %) 1334 (8.3 %) <0.001
- Varicose veins 1451 (20.1 %) 2348 (14.7 %) <0.001
- Renal failure” 4729 (65.6 %) 1783 (11.1 %) <0.001
- Anemia“ 2469 (34.3 %) 4017 (25.1 %) <0.001
Anticoagulant treatment
- Heparin(s) alone 2007 (27.8 %) 3663 (22.9 %) <0.001
- Heparin(s) followed by VKA 4395 (61.0 %) 9513 (59.4 %) 0.026
- DOAC with or without heparin(s) 571 (7.9 %) 2198 (13.7 %) <0.001
- Others 235 (3.3 %) 636 (4.0 %) 0.028
Duration of anticoagulation prior to discontinuation
Mean =+ SD, days 236 + 139 236 + 260 0.91
- Up to three months 876 (12.2 %) 1643 (10.3 %)
- Up to six months 2472 (34.3 %) 5438 (34.0 %)
- Longer than six months 3860 (53.6 %) 8929 (55.8 %)
Duration of follow-up after discontinuation of anticoagulation
Mean =+ SD, days 547 + 790 469 + 625 <0.001

- Up to six months

- Up to one year

- Up to two years

- Up to three years

- Longer than three years

3088 (42.8 %)
1451 (20.1 %)
1173 (16.3 %)
662 (9.2 %)
834 (11.6 %)

6534 (40.8 %)
3028 (18.9 %)
2767 (17.3 %)
1487 (9.3 %)

2194 (13.7 %)

SD = standard deviation; DVT = deep-vein thrombosis; PE = pulmonary embolism; VKA = vitamin K antagonists; DOAC = direct oral anticoagulants.

Data are presented as n (%) unless otherwise specified.

@ Deficiency of antithrombin, protein C or S, factor V Leiden, prothrombin G20210A mutation, antiphospholipid antibody syndrome.

b Creatinine clearance <50 ml/min.
¢ Hb concentration < 10 g/dL

(adjusted HR = 1.03; 95 % CI, 0.92-1.17).

Our findings are somewhat surprising. Elderly age, a very well-
known risk factor of VTE [5], does not seem to increase the risk of
recurrent VTE in patients older than 75 who develop a first thrombo-
embolic episode. This conclusion is consistent with that coming from a
recent uncontrolled observation conducted in Switzerland in patients
older than 65 [6]. As the risk of (major) bleeding complications occur-
ring during extended anticoagulation in patients older than 75 (which-
ever the drug employed) definitely exceeds that reported in younger
people [2], the decision as to discontinue anticoagulation after the first
3-6 months seems justified [3]. In this regard, it is interesting to note
that even in our cohort of patients in whom anticoagulation had been
stopped, the rate of major bleeding complications occurring during the
long-term follow-up of older people was substantial and exceeded by 2.5
times that occurring in younger individuals. While waiting for drugs,
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such as the inhibitors of factor XIa, which are expected to possess a more
favorable therapeutic profile [7], based on the results of the SURVET
study an alternative option beyond the first months of conventional
therapy in older patients with an episode of unprovoked or weakly
provoked VTE could be the use of sulodexide, a glycosaminoglycan that
is devoid of bleeding risk [8]. An Italian multicenter, double-blind,
placebo-controlled clinical trial addressing the value of sulodexide for
secondary prevention of VTE in patients older than 75 is currently
ongoing [9].

The strength of our observation lies in the high number of patients
with a first episode of VTE who were recruited, in the long duration of
patients' follow-up and in the careful documenting and recording of
recurrent VTE. However, it should not be forgotten that our findings
come from a registry where the therapeutic choices in terms of type,
intensity and duration of treatment were left to the discretion of
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Main clinical outcomes following discontinuation of anticoagulation in patients older and younger than 75.

Features Patients aged >75 (N = 7208)

Patients aged <75 (N = 16,010)

Crude HR (95 % CI) Adjusted HR (95 % CI)

VTE recurrences” 861 (10.6; 9.95-11.4)

- DVT alone 401 909
-PE 460 672
Major bleedings” 89 (0.97; 0.78-1.19)
Deaths® 931 (10.1; 9.44-10.7)
- Due to PE 21 14
- Due to bleeding 27 16

1581 (7.31; 6.96-7.68)

73 (0.31; 0.24-0.38)
354 (1.48; 1.33-1.64)

1.22(1.11-1.34) 1.03 (0.92-1.17)

2.50 (1.77-3.54)
6.74 (5.87-7.75)

CI = confidence intervals; DVT = deep-vein thrombosis; PE = pulmonary embolism; VTE = venous thromboembolism.

# Data in parenthesis indicate the rate per 100 patient-years and its 95 % CI.

attending physicians. In addition, the rate of patients managed with
DOAC was low.

In conclusion, the risk of recurrent VTE in patients aged over 75
years does not exceed that expected in younger individuals. Our results
have the potential to inform the long-term management of these
patients.
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Para el quinto objetivo se llevé a cabo un estudio retrospectivo donde se incluyeron
185 pacientes en los que se habia colocado un FVC entre 2015 y 2020 en un hospital
terciario. Encontramos una alta tasa de colocacidén de FVC sin indicacion clara en
ninguna guia (38%) y una tasa de no retirada del 41%. Las tasas de trombosis del FVC
fueron mas bajas que las descritas en revisiones previas recientes y encontramos una
tasa de recurrencia del 18%, ocurriendo casi la mitad de estos eventos mientras el FVC
estaba aun colocado. Al realizar la comparacion entre grupos (recurrencia de ETV vs
no recurrencia), los pacientes con trombosis de vena cava o vena iliaca en contexto del
FVCy aquellos con mas complicaciones previas relacionadas con el filtro (sobre todo la

trombosis del filtro) tuvieron unas tasas de recurrencia mas elevadas.
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Inferior Vena Cava Filters: Adherence to
Clinical Practice Guidelines
Recommendations, Retrieval Rates, and Filter
Complications in a Tertiary Hospital
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Abstract

The present study evaluated the adherence to guideline recommendations regarding the indication for inferior vena cava filter
(IVCF) placement, retrieval rates, complications, thrombotic recurrences, and mortality. Patients in whom an IVCF was placed
between 2015 and 2020 in a tertiary hospital were retrospectively included. We considered absolute indication of IVCF
placement if all the guidelines evaluated agreed on the indication, relative indication if only some guidelines recommended it and
without indication if none of the evaluated guidelines recommended it. From the 185 patients included; 47% had an absolute
indication, 5% a relative indication, and 38% had no indication. Filter-associated complications and non-removal rates were
12.4% and 41%, respectively. Venous thromboembolism recurrence rate was 17.8%, being filter-associated complications
(24.2 vs 9.8%, P = .02) and thrombosis of the inferior cava or iliac veins (12.1 vs 2.6%, P = .03) more frequent in this group. The
mortality rate was 40%, with higher mortality risk in patients with co-existing cancer. Previous major bleeding, filter-associated
complications, and mortality were associated with a major risk of non-removal. In conclusion, the adherence to guidelines
regarding the indication of IVCF placement is still low and IVCF complications are not negligible. This fact is of special concern in
the elderly, comorbid, and cancer patients.

Keywords
inferior vena cava filter, pulmonary embolism, deep vein thrombosis, recurrence, mortality

Introduction

Inferior vena cava filters (IVCF) are used to reduce the risk of 'Internal Medicine Department, Hospital Clinic, IDIBAPS - University of

pulmonary embolism (PE) in patients with deep vein
thrombosis (DVT) or pulmonary embolism (PE) who have a
contraindication to anticoagulation.' Despite the lack of data
regarding their benefit in terms of mortality, IVCF have be-
come an important part of venous thromboembolic disease
therapy.”™

Currently, most guidelines recommend the IVCF place-
ment as an absolute indication in patients with acute venous
thromboembolism (VTE) and contraindication to anti-
coagulation (such as active gastrointestinal bleeding, acute
hemorrhagic stroke, presence of brain lesions, coagulation
disorders, etc.); but there is a disparity of opinions regarding
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relative indications like treatment of iliofemoral DVT, patients
with free-floating thrombus or poor cardiopulmonary reserve
and prophylactic indications such as bariatric and trauma
surgical patients.”? This lack of consensus is probably re-
sponsible for the heterogenic indications of IVCF placement.

Moreover, only one-third of the IVCF are retrieved, and
previous reports have described high rates of IVCF long-term
complications such as filter migration (10-25%), perforation
(22-93%), filter thrombosis (3.5-50%) or DVT (5-18%) in
these patients. Most of these complications occur >30 days
after IVCF placement when these are not removed, which
favors removal within 3060 days after placement.”'> Until
now, patient, clinical, and filter characteristics associated with
IVCF non-retrieval, thrombotic recurrences, and mortality
have not been well described.

The present study aimed to evaluate the adherence to
different guideline recommendations regarding the indication
of IVCF placement and to assess retrieval rates, IVCF
complications, thrombotic recurrences, and mortality rates in a
tertiary hospital.

Methods
Patients and Data Collection

We conducted a non-randomized, observational retrospective
cohort study including all patients (inpatients and ambulatory
patients) aged >18 years old in whom an IVCF was placed
between 2015 and 2020 in a tertiary hospital.

The local institutional ethics committee approved the study,
waiving the need for informed consent from individual pa-
tients because of its retrospective nature (HCB/2020/0273).
All participants gave their informed consent for the IVCF
placement before the procedure.

Demographic Data and Comorbidities

Demographic data (gender, age) and the main comorbidities
were recorded. The Charlson Comorbidity Index score was
calculated for each patient.'®

Bleeding and Thrombotic Events

Bleeding and thrombotic events previous to the IVCF
placement were recorded. Bleeding events were graded
according to the International Society of Thrombosis and
Haemostasis (ISTH) definition, being categorized as major
bleeding for those with: (1) Fatal bleeding, and/or, (2)
Symptomatic bleeding in a critical area or organ, such as
intracranial, intraspinal, intraocular, retroperitoneal, intra-
articular or pericardial, or intramuscular with compartment
syndrome, and/or, (3) Bleeding causing a fall in hemoglobin
level of >2.0 g/dL, or leading to the transfusion of >2 units
of whole blood or red cells. Non-major bleeding was de-
fined as that which did not meet any of the criteria for major

bleeding but required medical attention and/or a change in
antithrombotic treatment.'” PE and DVT were confirmed
with a CT pulmonary angiogram and Doppler ultrasound,
respectively.

Indication for IVCF Placement

We considered absolute indication of IVCF placement if all
the guidelines evaluated agreed on the indication, relative
indication if only some guidelines recommended it and
without indication if none of the evaluated guidelines rec-
ommended it.”'*?? Table 1 summarizes the recommendations
of each clinical guideline we evaluated.”'¥>>

IVCF Characteristics Complications and Removal Rates

Among the IVCF characteristics, the type of filter (removable
or permanent), the commercial brand [Optease (Cordis Corp,
Hialeah, FL, USA), Celect (Cook Medical, Bloomington, Ind,
USA) or non-specified], and the site of insertion were
recorded.

Complications during filter insertion, filter-associated
complications (fracture, migration, penetration, epitheliza-
tion, and thrombosis of the IVCF) detected in phlebography or
CT angiography, the presence of thrombosis of the inferior
cava or iliac veins due to the presence of IVCF, as well as the
rate of filter removal, number of trials to removal, time since
placement until removal and complications associated with
removal were also investigated.

Anticoagulant treatment after IVCF placement, VTE re-
currence, bleeding events after IVCF insertion, and mortality
were also recorded.

Statistical Analysis

Continuous variables are presented as mean and standard
deviation (SD) if they had a normal distribution and as median
and interquartile range otherwise. Normality was assessed
with the Shapiro—Wilk test. Categorical data are shown as
frequencies and percentages. In comparisons that included
quantitative continuous variables with a normal distribution, a
t test was used. Chi-squared or Fisher tests were used to
compare qualitative variables.

We performed a logistic multivariable regression to eval-
uate the association between no removal of IVCF and mor-
tality with clinical and IVCF characteristics. Variable selection
was based on clinical relevance. Dependent variables were no
removal of IVCF and mortality. Independent variables were
age, sex, a Charlson Comorbidity Index higher than three,
history of cancer, thrombophilia, VTE, and bleeding events
before the IVCF placement, IVCF complications, re-
introduction of anticoagulant treatment after [IVCF placement,
VTE recurrences and bleeding complication after IVCF
placement.
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Table I. Indications for IVC Filter Use Depending on the Guidelines.
ACCP (2016) BCSH (2006) AHA (2011) ICSI (2013) TC (2021) NICE (2020)
(5] (18] [19] [20] [21] [22]
Acute DVT and Cl to AC v v v v v v
29 to 90 days from DVT and Cl to anticoagulation X X X X X X
More than 90 days from DVT and Cl to X X X X X X
anticoagulation
Acute PE and Cl to anticoagulation v v v v v v
29 to 90 days from PE and Cl to anticoagulation X X X X X X
More than 90 days from PE and CI to X X X X X X
anticoagulation
CTEPH undergoing pulmonary endarterectomy v v X X X X
Recurrent VTE despite therapeutic v v v X
anticoagulation
PE prophylaxis in those with high VTE risk and Cl X X X X X X
to anticoagulation
Recent VTE and ECT X X X X X X
Superficial venous thrombosis and Cl to X X X X X
anticoagulation
Acute VTE without Cl to anticoagulation X X X X X X
Thrombectomy of chronic DVT X X X X X X

Abbreviations: AC, anticoagulation; ACCP, American College of Chest Physicians; AHA, American Heart Association; BCHS, Brithish Committee for Standards in Hematology;
Cl, contraindication; CTEPH, chronic thromboembolic pulmonary hypertension; DVT, deep venous thrombosis; ECT, electroconvulsive therapy; ICS, Institute for Clinical
Systems Improvement; NICE, National Institute for Health and Care Excellence; PE, pulmonary embolism; TC, Thrombosis Canada; VTE, venous thromboembolism; v/,

indication in the guideline; X, no indication in the guideline.

All tests were performed with a 2-sided significance level
of P < .05. Analyses were performed using SPSS v25 (IBM
Corp. Armonk, New York, USA).

Results

Epidemiological and Clinical Characteristics of
the Patients

One hundred eighty-five patients were enrolled in the study.
The mean age was 63.4 years (SD 15), 63.4% were men, and
51.3% had a Charlson Comorbidity Index >4. The most
frequent comorbidities were hypertension (46.5%) and a
history of active cancer (45%).

IVCF Indications, Characteristics and Complications

Sixty patients (32.4%) had a previous VTE (46% PE, 20%
DVT, and 33% both PE and DVT). Seventy-five (40%) pa-
tients had a bleeding event previous to filter placement (82.7%
major bleeding and 17.3% non-major bleeding). The most
frequent locations were cutaneous and soft tissues (11.4%) and
gastrointestinal tract (10.8%).

Regarding filter placement indication (Table 2), the most
frequent was the diagnosis of DVT in the last 28 days with a
contraindication for anticoagulation (26%); followed by the
PE diagnosis in the last 28 days with a contraindication for
anticoagulation (21%), PE diagnosis in the last 29-90 days,

with contraindication for anticoagulation (14.6%) and pre-
vious to pulmonary endarterectomy in patients with pulmo-
nary hypertension (11.9%).

According to the revised guidelines, from the 185 patients in
which an IVCF was placed, 70 (38%) patients had no indi-
cation, 28 (15%) had a relative indication, and 87 (47%) had an
absolute indication. In those patients with no indication ac-
cording to the guidelines, the main reasons were >90 days from
PE and contraindication to anticoagulation (38.6%), >90 days
from DVT and contraindication to anticoagulation (18.6%),
between 29 and 90 days from DVT and contraindication to
anticoagulation (14.3%), and between 29 and 90 days from PE
and contraindication to anticoagulation (11.4%). Other indi-
cations were PE prophylaxis in those with high VTE risk and
contraindication to anticoagulation (7%), recent VTE and
electroconvulsive therapy (4.3%), superficial venous throm-
bosis and contraindication to anticoagulation (3%), acute VTE
without contraindication to anticoagulation (1.4%), and
thrombectomy of chronic DVT (1.4%).

Most of the IVCF inserted were removable (97%); the most
frequent type was Optease (Cordis Corp, Hialeah, FL, USA)
(72%). The most frequent venous access for insertion was the
right femoral vein (85.4%). There were no acute complica-
tions associated with filter insertion. Anticoagulant treatment
was reintroduced after the filter placement in 84.3% of the
patients, with a mean time of 13.7 (SD 45) days.

In 23 patients (12.4%), a filter-associated complication was
observed: penetration in two (1%), epithelization in eight
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Table 2. IVCF Indications.

Patients (n = 185)

Filter indication

Acute (0-28 days) DVT and Cl to AC, n (%)

29 to 90 days from DVT and Cl to anticoagulation, n (%)
More than 90 days from DVT and Cl to anticoagulation, n (%)
Acute PE (0-28 days) and Cl to anticoagulation, n (%)

29 to 90 days from PE and Cl to anticoagulation, n (%)

More than 90 days from PE and Cl to anticoagulation, n (%)
CTEPH undergoing pulmonary endarterectomy, n (%)
Recurrent VTE despite therapeutic anticoagulation, n (%)

PE prophylaxis in those with high VTE risk and Cl to anticoagulation, n (%)
Recent VTE (0-90 days) and ECT, n (%)

Superficial venous thrombosis and Cl to anticoagulation, n (%)
Acute VTE without Cl to anticoagulation, n (%)

Thrombectomy of chronic DVT

Indication for the IVCF insertion according to guidelines
Non-indicated, n (%)

29 to 90 days from DVT and Cl to anticoagulation, n (%)
More than 90 days from DVT and Cl to anticoagulation, n (%)
29 to 90 days from PE and Cl to anticoagulation, n (%)

More than 90 days from PE and Cl to anticoagulation, n (%)
PE prophylaxis in those with high VTE risk and Cl to anticoagulation, n (%)
Recent VTE (0-90 days) and ECT, n (%)

Superficial venous thrombosis and Cl to anticoagulation, n (%)
Acute VTE without Cl to anticoagulation, n (%)

Thrombectomy of chronic DVT

Relative indication, n (%)

CTEPH undergoing pulmonary endarterectomy, n (%)
Recurrent VTE despite therapeutic anticoagulation, n (%)
Absolute indication, n (%)

Acute (0—28 days) DVT and Cl to AC, n (%)

Acute PE (0—28 days) and Cl to anticoagulation, n (%)

26)
5.4)
7)
21)
43)
14.6)
11.9)

2.7)
1.6)
)
5)

8 (
0 (
3(
9 (
8 (
27 (
22 (
G
(
(
(
(-
(-5)

6
5
3
2
|
|

70 (38)
|0(|43)

28 (15)
22 (78.6)
6 (21.4)
87 (47)
48 (55)
39 (45)

Abbreviations: AC, anticoagulation; Cl, contraindications; CTEPH, chronic thromboembolic pulmonary hypertension; DVT, deep venous thrombosis; ECT,
electroconvulsive therapy; IVCF, inferior vena cava filter; n, number of participants; PE, pulmonary embolism; VTE, venous thromboembolism.

The bold means the head of a section.

(4%), and filter thrombosis in 15 (8%); most of them were with
the Optease (Cordis Corp, Hialeah, FL, USA) filter (87%).
Thrombosis of the inferior cava or iliac veins due to the
presence of the filter was observed in eight (4.3%) patients.

In 109 (59%) patients, the filter was removed, with suc-
cessful removal on the first try in 97% of the patients. The
mean time between placement and removal was 53 (SD 52)
days (range 4-290): 44 (SD 33) days (range 8-186) for
Optease (Cordis Corp, Hialeah, FL, USA) and 77 (SD 79)
days (range 4-290) for Celect (Cook Medical, Bloomington,
Ind, USA) filters. There were no complications associated
with filter removal. In 76 patients (41%), the filter was not
removed, and in four patients (2%) removal information was
missing. The main reasons for no removal were patient death
in 19 patients (25%) and poor prognosis in 13 patients (17%).
In two patients (2.6%), the filter was not removed due to the
prolonged time since the placement, in six (8%) due to IVCF

thrombosis, in eight (10.5%) due to non-thrombotic compli-
cations, in seven (9%) due to loss of follow-up and in 17 (32%)
there was no specific reason recorded. Only in four patients
(5%), the filter was not removed due to the persistence of
contraindication for anticoagulation.

Table 3 shows the epidemiological, clinical, and IVCF
characteristics and complications associated with non-filter
removal. The non-removed IVCF patients had more fre-
quently a Charlson Comorbidity Index >3 points (76.3 vs
61.5%, P <.03), a permanent IVCF (5.4 vs 0%, P <.01), a
higher rate of bleeding events previous to [VCF placement
(48.7 vs 23%, P <.001), in fewer cases anticoagulation was
reintroduced (69.7 vs 94.5%, P < .001) and they had a
higher mortality rate (55.3 vs 29.4%, P = .001). Patients
with an absolute IVCF placement indication had a higher
rate of non-removal than those without indication (59.2 vs
29%, P = .01).
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Table 3. Epidemiological, Clinical, and IVCF Characteristics and Complications Associated With Non Filter Removal.

Non-removal (n = 76) Removal (n = 109) P Value

Male, n (%)

Age, mean (SD)

Charlson Comorbidity Index

<3 points, n (%)

>3 points, n (%)

Cancer, n (%)

Thrombophilia, n (%)

VTE event, n (%)

History of PE +/— DVT, n (%)

History of isolated DVT, n (%)

Bleeding event

Major bleeding, n (%)

Non-major bleeding, n (%)

Indication for the IVCF insertion according to guidelines
Non-indicated, n (%)

Relative indication, n (%)

Absolute indication, n (%)

Type of filter

Removable, n (%)

Permanent, n (%)

Non-specified, n (%)

Specific filter

Optease (Cordis Corp, Hialeah, Fla), n (%)
Celect (Cook Medical, Bloomington, Ind), n (%)
Non-specified, n (%)

Reintroduction of AC, n (%)
Filter-associated complications, n (%)

Thrombosis of the inferior cava or iliac veins due to the presence of IVCF

VTE recurrence, n (%)
Bleeding complication, n (%)
Mortality, n (%)

42 (55.3) 66 (60.6) 47
63.53 (15.5) 63.22 (14.6) 74
.03
18 (23.7) 42 (38.5)
58 (76.3) 67 (61.5)

40 (52.6) 43 (39.4) 08
6 (1.9) 21 (19.3) .03
20 (26.3) 40 (36.7) 14
14 (18.4) 34 (31.2) 05
5 (6.6) 7 (6.4) 97
37 (48.7) 25 (22.9)  <.001
5 (6.6) 8 (73) 84

.02°
22 (28.9) 48 (68.6)
9 (11.8) 19 (67.9)
45 (59.2) 42 (48.3)

.0l
70 (94.6) 109 (100)
4 (5.4) 0 (0)
2 (2.6) 0 (0)

27
56 (73.7) 77 (70.6)
17 (22.4) 31 (28.4)
3 (3.9) | (80.9)
53 (69.7) 103 (94.5)  <.001
13 (17.3) 10 (9.2) A1
6 (7.9) 2 (1.8) 06
16 (21.1) 17 (15.6) 34
10 (13.2) 16 (14.7) 77
42 (55.3) 32 (29.4)  <.001

Abbreviations: AC, anticoagulation; DVT, deep venous thrombosis; IVCF, inferior vena cava filter; n, number of participants; PE, pulmonary embolism; SD,

standard derivation; VTE, venous thromboembolism.

*Comparison between absolute indication and non-indication: P = .01; comparison between relative indication and non-indication: P = .94; comparison between

absolute and relative indication: P = .07.

The bold means: a) the head of a section and b) data that are statistically significant.

In the multivariate analysis, major bleeding events previous
to the IVCF placement (odds ratio (OR), 3.5; 95% confidence
interval [CI], 1.6-7.8), filter-associated complications (OR,
4.6; 95% CI, 1.6-13.4) and mortality (OR, 3.04; 95% CI, 1.3—
6.9) were associated with a major risk of non-removal; while
the reintroduction of anticoagulation was associated with a
lower risk (OR, .28; CI .09-.8).

VTE Recurrence, Bleeding Complications,
and Mortality

Thirty-three patients (17.8%) had a VTE recurrence: 11
(33.3%) had a PE, 19 (57.6%) a DVT and three (9%) had both
PE and DVT. The mean number of days between the placement

of IVCF and VTE recurrence was 279 (SD 402). Of the
33 patients who had thrombotic recurrences, in 17 patients
(51.5%), the ITVCF had been previously removed. Table 4
shows epidemiological, clinical, and IVCF characteristics
and complications associated with VTE recurrences. More
filter-associated complications were observed in the recurrence
group (24.2 vs 9.8%, P = .02); the most frequent one was [VCF
thrombosis (21.2%). Thrombosis of the inferior cava or iliac
veins due to the presence of IVCF was also associated with a
higher risk (12 vs 2.6%, P = .03) of VTE recurrences.

Twenty-six patients (14%) suffered a bleeding event after
the IVCF placement; again the most frequent location was
cutaneous and soft tissues (27%) and gastrointestinal tract
(27%). In 24 patients (92.3%), the anticoagulant treatment had
been reintroduced before the bleeding event.
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Table 4. Epidemiological, Clinical, and IVCF Characteristics and Complications Associated With VTE Recurrence.

No Recurrence (n = 152) Recurrence (n =33) P Value

Male, n (%)

Age, mean (SD)

Charlson Comorbidity Index

<3 points, n (%)

>3 points, n (%)

Cancer, n (%)

Thrombophilia, n (%)

VTE event, n (%)

History of PE and/or DVT, n (%)

History of isolated DVT, n (%)

Bleeding event

Major bleeding, n (%)

Non-major bleeding, n (%)

Indication for the IVCF insertion according to guidelines
Non-indicated, n (%)

Relative indication, n (%)

Absolute indication, n (%)

Type of filter

Removable, n (%)

Permanent, n (%)

Non specified, n (%)

Specific filter

®0Optease (Cordis Corp, Hialeah, Fla), n (%)
®Celect (Cook Medical, Bloomington, Ind), n (%)
Non-specified, n (%)

Reintroduction of AC, n (%)
Filter-associated complications, n (%)
VCF penetration, n (%)

VCF epithelization, n (%)

VCF thrombosis, n (%)

Thrombosis of the inferior cava or iliac veins due to the presence of

IVCF
IVCF removed, n (%)
Bleeding complication, n (%)
Mortality, n (%)

88 (58) 20 (60.6) 77
63.71 (14.8) 61.67 (15.5) 56
48
51 (33.5) 9 (27.3)
101 (66.4) 24 (72.7)
68 (44.7) 15 (45.4) 94
22 (14.5) 5 (15) 92
52 (34.2) 8 (24.2) 27
14 (18.4) 34 (31.2) 05
43 (283) 5 (15.2) 12
50 (33) 12 (36.4) 7

9 (6) 4(12) 21
55 (36.2) 5 (45.5) 32
25 (16.4) 3(9) 42
72 (47.4) 15 (45.5) 84

5l
146 (96) 33 (100)

4(2.6) 0 (0)

2 (1.3) 0 (0)

9l
109 (71) 24 (72.7)
40 (26.3) 8 (24.2)

3(2) I 3)

131 (86) 25 (75.7) 13
15 (9.8) 8 (24.2) .02

0 (0) I 3)

7 (4.6) I 3)

8 (5.3) 7 (21.2)

4 (2.6%) 4 (12%) .03
92 (60.5) 17 (51.5) 34
23 (15) 3(9) 36
60 (39.5) 14 (42.4) 75

Abbreviations: AC, anticoagulation; DVT, deep venous thrombosis; IVCF, inferior vena cava filter; n, number of participants; PE, pulmonary embolism; VTE,

venous thromboembolism.

The bold means: a) the head of a section and b) data that are statistically significant.

The mortality rate was 40%. Mean days between IVCF
placement and mortality were 354 (SD 460). Comparing pa-
tients according to survival (Table 5), patients who died were
older (67 (SD 12) vs 61 (SD 16) years, P < .001), had more
frequently a Charlson Comorbidity Index >3 (86.5 vs 55%),
P <.001) and more frequently had cancer (74.3 vs 25.2%, P <
.001). In contrast, in fewer cases, anticoagulation was re-
introduced (70.3 vs 93.7%, P < .001), and in fewer cases the
filter was removed (43.2 vs 69.4%, P < .001).

In the multivariate analysis, the presence of co-existing
cancer was associated with a major risk of mortality (OR, 6.7;
95% CI, 2.7-16.3). Contrary, the reintroduction of anti-
coagulation (OR, .29; 95% CI, .09-.9) and the IVCF removal

(OR, .3; 95% CI, .1-.7) were associated with a lower risk of
mortality.

Discussion

The present study evaluated the adherence to different
guideline recommendations regarding the indication of IVCF
placement and assessed its management and complications in
a tertiary hospital.

IVCF placement according to all guidelines evaluated was
only 47%, which is consistent with previous works.”*** We
found a high rate of [IVCF placement without a clear indication
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Table 5. Epidemiological, Clinical and IVCF Characteristics and Complications Associated With Mortality.

Non-mortality Group (n = | 11) Mortality Group (n = 74) P Value
Male, n (%) 63 (57) 45 (61) .58
Age, mean (SD) 60.62 (16) 67.4 (12) .001
Charlson Comorbidity Index <.001
<3 points, n (%) 50 (45) 10 (13.5)
>3 points, n (%) 61 (55) 64 (86.5)
Cancer 28 (25.2) 55 (74.3) <.001
Thrombophilia, n (%) 22 (19.8) 5 (6.8) 014
VTE event, n (%) 41 (37) 19 (25.7) 1
History of PE and/or DVT, n (%) 34 (30.6) 14 (19) .075
History of isolated DVT, n (%) 7 (6.3) 5 (6.8) 9
Bleeding event
Major bleeding, n (%) 36 (32.4) 26 (35) 7
Non-major bleeding, n (%) 8(7.2) 5(6.8) 91
Indication for the IVCF insertion according to guidelines
Non-indicated, n (%) 42 (37.8) 28 (37.8) |
Relative indication, n (%) 23 (20.7) 5 (6.8) .009
Absolute indication, n (%) 46 (41.4) 41 (55.4) .06
Type of filter .074
Removable, n (%) 110 (99) 69 (93.2)
Permanent, n (%) 1 (.9) 34
Non-specified, n (%) 0 (0) 2(2.7)
Specific filter .34
®0Optease (Cordis Corp, Hialeah, Fla), n (%) 76 (68.5) 57 (77)
®Celect (Cook Medical, Bloomington, Ind), n (%) 33 (29.7) 15 (20.3)
Non-specified, n (%) 2 (1.8) 2 (2.7)
Reintroduction of AC, n (%) 104 (93.7) 52 (70.3) <.001
Filter-associated complications, n (%) 17 (15.3) 6 (8) I5
IVCF removed, n (%) 77 (69.4) 32 (43.2) <.001
VTE recurrence, n (%) 19 (17) 14 (19) .75
Bleeding complication, n (%) 13 (11.7) 13 (17.6) .26

Abbreviations: AC, anticoagulation; DVT, deep venous thrombosis; IVCF, inferior vena cava filter; n, number of participants; PE, pulmonary embolism; VTE,
venous thromboembolism.The bold means: a) the head of a section and b) data that are statistically significant.

in any guideline (37.8%). The main reason was >90 days from
PE or DVT and contraindication to anticoagulation.

Our IVCF thrombosis rates were lower than those described
in recent reviews, which may be in part explained due to the high
rates of anticoagulation reintroduction after IVCF placement and
the relative early mean time of removal.''*> Also, other small
retrospective studies have described similar rates.”®*’

Regarding retrieval rates, in 59% of the patients the IVCF
was removed. This rate is better than those described in
previous studies, which vary between 20 and 30%.'"+'>%%
The removal was successful on the first try in almost all
patients (97%), which is consistent with previous
works.'"'>3° The mean time between placement and removal
was 53 days, according to the current recommendations of
retrieval within 29-54 days of placement.'**! Nevertheless, in
41% of the patients, the filter was not removed, probably
because nearly half of the patients had active cancer or a high
Charlson Comorbidity Index. This fact warns of the need to
carefully review the indications of IVCF placement in this

subgroup of patients, considering the real benefit since these
patients often had a poor short-term prognosis.

When we explored clinical variables associated with non-
removal, a previous major bleeding event, filter-associated
complications, and mortality were associated with higher risk,
while the reintroduction of anticoagulation was associated
with a lower risk.

The increased risk of recurrent DVT after an IVCF
placement has been previously described and varies between
and 35%.%*"3133% We found a recurrence rate of VTE of 18%
(6% PE, 10.2% DVT, 1.6% both PE and DVT), but only
nearly half of the patients (48.5%) recurred while IVCF was
placed. We observed more filter-associated complications,
especially filter thrombosis, and more inferior cava and iliac
vein thrombosis in the recurrence group.

Finally, we found a significant mortality rate of 40%, which
was more frequent in older patients, patients with comorbidities,
and those with cancer. In this sense, while these patients may have
the highest mortality, they may also have the maximum benefit for
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the placement of the IVCEF, so the decision of IVCF placement
should be taken carefully and individualized to each case.

The present study has some limitations, and the results
must be interpreted with caution. First, this is a retrospective
study, so it lacks the rigor of a prospective randomized study.
Second, as it was a non-interventional study, treatment
strategies and management were conditioned by the clinical
practice. Lastly, it is a single-center study.

Conclusions

Despite we obtained higher removal rates than those described
in previous works, the adherence to current guidelines re-
garding the indication of IVCF placement is still low and
IVCF complications are not negligible. This fact is of special
concern in the elderly, comorbid, and cancer patients, who
seem to have lower rates of IVCF removal and higher mor-
tality rates.
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Articulo 4

Para el sexto objetivo se llevd a cabo un estudio retrospectivo donde se incluyeron
185 pacientes en losque se habia colocado un FVC entre 2015 y 2020 en un hospital
terciario. Se compard la adherencia a las guias de practica clinica, las tasas de retirada
y las complicaciones entre los pacientes con (48%) y sin cancer de nuestra cohorte y
vimos que en los pacientes con cancer se colocaron mas FVC con indicacion relativa y
sin indicacion segun las guias revisadas. No hubo diferencias entre grupos en cuanto a
las complicaciones derivadas del filtro, pero en los pacientes oncoldgicos la tasa de
reinicio de la anticoagulacion fue menor (75% vs 93%) mientras que la tasa de no

retirada del FVC fue mayor (67% vs 51%).

Articulo 4: Nestor Lépez, Carles Zamora-Martinez, Marc Montoya-Rodes, Cristina
Gabara, Maria Ortiz, Jesus Aibar. Comparison of inferior vena cava filter use and
outcomes between cancer and non-cancer patients in a tertiary hospital. Thrombosis
Reserch. 2024; 236:136-143. doi: 10.1016/j.thromres.2024.02.020. Epub 2024 Feb 28.
PMID: 38447420.
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Articulo 5

Para el séptimo objetivo se llevd a cabo un ensayo clinico aleatorizado con 3 ramas de
tratamiento donde se valoraron y compararon la eficacia (en términos de prevencion
de eventos trombdticos, ingreso en UCI o mortalidad) y seguridad (en términos de
sangrados mayores) de 3 dosis de tromboprofilaxis farmacoldgica (estandar,
intermedia y dosis plenas) en pacientes ingresados en salas de hospitalizacién por una
infeccion por SARS-CoV-2 moderada (Ensayo PROTHROMCOVID). Los resultados
obtenidos ponen de manifiesto que no hay diferencias en términos de eficacia ni
seguridad entre las diferentes dosis de tratamiento anticoagulante, concluyendo que
dosis mas altas de tromboprofilaxis que las estdndar no estan asociadas con un
descenso del riesgo de eventos trombéticos, necesidad de ventilacién mecdnica no

invasiva ni muerte en estos pacientes.

Articulo 5: Mufioz-Rivas N, Aibar J, Gabara-Xancé C, Trueba-Vicente A, Urbelz-Pérez A,
Gdémez-Del Olmo V, Demelo-Rodriguez P, Rivera-Gallego A, Bosch-Nicolau P, Perez-
Pinar M, Rios-Prego M, Madridano-Cobo O, Ramos-Alonso L, Alonso-Carrillo J,
Francisco-Albelsa |, Marti-Saez E, Maestre-Peiré A, Méndez-Bailén M, Hernandez-Rivas
JA, Torres-Macho J; PROTHROMCOVID Trial Investigators. Efficacy and Safety of
Tinzaparin in Prophylactic, Intermediate and Therapeutic Doses in Non-Critically Il
Patients Hospitalized with COVID-19: The PROTHROMCOVID Randomized Controlled
Trial. Journal of Clinical Medicine. 2022; 11 (19): 5632. doi: 10.3390/jcm11195632.
PMID: 36233500; PMCID: PMC9571371.
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Abstract: Hospitalized patients with COVID-19 are at increased risk of thrombosis, acute respiratory
distress syndrome and death. The optimal dosage of thromboprophylaxis is unknown. The aim was
to evaluate the efficacy and safety of tinzaparin in prophylactic, intermediate, and therapeutic doses
in non-critical patients admitted for COVID-19 pneumonia. PROTHROMCOVID is a randomized,
unblinded, controlled, multicenter trial enrolling non-critical, hospitalized adult patients with COVID-
19 pneumonia. Patients were randomized to prophylactic (4500 IU), intermediate (100 IU/kg),
or therapeutic (175 IU/kg) groups. All tinzaparin doses were administered once daily during
hospitalization, followed by 7 days of prophylactic tinzaparin at discharge. The primary efficacy
outcome was a composite endpoint of symptomatic systemic thrombotic events, need for invasive
or non-invasive mechanical ventilation, or death within 30 days. The main safety outcome was
major bleeding at 30 days. Of the 311 subjects randomized, 300 were included in the prespecified
interim analysis (mean [SD] age, 56.7 [14.6] years; males, 182 [60.7%]). The composite endpoint
at 30 days from randomization occurred in 58 patients (19.3%) of the total population; 19 (17.1 %)
in the prophylactic group, 20 (22.1%) in the intermediate group, and 19 (18.5%) in the therapeutic
dose group (p = 0.72). No major bleeding event was reported; non-major bleeding was observed
in 3.7% of patients, with no intergroup differences. Due to these results and the futility analysis,
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the trial was stopped. In non-critically ill COVID-19 patients, intermediate or full-dose tinzaparin
compared to standard prophylactic doses did not appear to affect the risk of thrombotic event,
non-invasive ventilation, or mechanical ventilation or death. Trial Registration ClinicalTrials.gov
Identifier (NCT04730856). Edura-CT registration number: 2020-004279-42.

Keywords: COVID-19; pulmonary embolism; thrombosis; respiratory insufficiency; low-molecular-
weight heparin

1. Introduction

Severe acute respiratory syndrome-coronavirus 2 infection can cause different clin-
ical manifestations, ranging from mild to very severe symptomatology, with significant
morbidity and mortality, principally associated with bilateral pneumonia that can cause
acute respiratory distress syndrome (ARDS). More than 6 million people have died since
the first reports in late 2019 in Wuhan, China, and it is estimated that more than 450 million
people have been infected with COVID-19 to date [1,2]. Recent research estimates that
more than 18 million people have died worldwide because of the COVID-19 pandemic (as
measured by excess mortality) over that period [1]. Since the first wave of the COVID-19
pandemic, the increase in systemic thrombosis in hospitalized patients was evident [2],
particularly in critical care units worldwide [3,4]. The phenomenon known as ‘pulmonary
immunothrombosis’ is correlated with the severity of respiratory failure and need for
mechanical ventilation in individuals with COVID-19 [5]. The association of viral infection
with thrombosis is mediated by two interrelated processes: a state of hypercoagulability
that causes large vessel thrombosis and direct endothelial damage that provokes in situ
thrombosis [5]. Subsequently, more and more evidence has been published of the so-called
‘COVID-19-associated coagulopathy’. It was then hypothesized that anticoagulation could
improve clinical outcome of patients with COVID-19 infection who, given the severity
of their disease, required hospitalization [5]. At the beginning of the pandemic, while
awaiting the results of clinical trials, different protocols of prophylactic anticoagulation
have been developed in hospitals. These included the use of standard, intermediate, and
even full doses of low-molecular-weight heparin (LMWH) [6]. This was the underlying
premise for conducting numerous clinical studies to evaluate the efficacy and safety of
therapeutic or intermediate doses (with either LMWH or different oral anticoagulants)
versus prophylactic doses of anticoagulation. The results of several clinical trials have been
published to date, focusing on anticoagulation intensity in patients admitted for COVID-
19 [7]. Uncertainty persists as to the optimal LMWH doses in non-critical cases [8,9]. Most
trials have evaluated standard prophylactic LMWH dose strategies versus therapeutic
doses or other oral anticoagulants, with contradictory results [10,11].

The PROTHROMCOVID multicenter clinical trial was conducted to evaluate the effi-
cacy of tinzaparin treatment at different doses (prophylactic, intermediate, and therapeutic)
in patients with COVID-19 non-critical pneumonia to probe the endpoints of death, need
for mechanical ventilation and venous or arterial thrombosis within 30 days following ran-
domization. This trial also examined the safety of tinzaparin at different doses in relation
to the risk of both major and minor bleeding.

2. Materials and Methods
2.1. Study Design

The PROTHROMCOVID study (NCT04730856) is a randomized, open-label, un-
blinded, multicenter, controlled study in hospitalized patients with COVID-19 pneumonia
(defined by consolidations/infiltrations on chest X-ray or CT scans), conducted in con-
ventional hospital wards in 18 academic hospitals in Spain. This investigator-initiated
clinical trial enrolled individuals with COVID-19 pneumonia who were hospitalized from 1
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February 2021 to 30 September 2021. The trial follows the CONSORT guideline as detailed
by EQUATOR network. Edura-CT registration number: 2020-004279-42.

2.2. Patients

Adults with a body weight of 50-100 kg who required admission to a conventional
(non-critical) hospital ward due to COVID-19 pneumonia were included if they also met any
of the following criteria: (a) baseline oxygen saturation < 94%, (b) D-dimer > 1000 ug/L,
(c) C Reactive Protein (CRP) > 150 mg/L, or (d) interleukin-6 (IL6) > 40 pg/mL. The
main exclusion criteria were: (a) the need for full-dose anticoagulant therapy, (b) active
bleeding or situations prone to bleeding, (c) glomerular filtration rate < 30 mL/min/
1.73 m?, (d) platelet count < 80 x 10°/L, (e) previous heparin-induced thrombocytopenia,
and (f) hypersensitivity /intolerance to heparins. The study design (Figure 1) and full list of
eligibility and exclusion criteria are listed below:

randomization

Hnwhml_

Treatment Follow-up 1 Follow —up 2

nclusion Criteria:

Tinzaparin 4500 Ul/day

; : : Tinzaparin
Tinzaparin 100 Ul/kg/day 4500 Uliday
Tinzaparin 175 Ullkg/day
Admission 7 days - :-.g-e_ 18y L weight 50 - 100
| | |
Discharge Day +30 Day +90

Figure 1. PROTHROMCOVID trial design.

Inclusion Criteria:

1.  Patients admitted for COVID-19 pneumonia;
2. Patients with at least one of the following risk criteria for disease progression:

- Sat02 <9%4%

-  DD>1000 pg/L
- CRP>150mg/L
- IL6>40 pg/mL;

3. Age>18years;

Weight between 50 and 100 kg;

5. After receiving verbal and written information about the study, the patient must
submit the signed and dated Informed Consent before carrying out any activity
related to the study.

b

Exclusion Criteria:

1. Patients who require mechanical ventilation or ICU admission at the time of random-
ization;
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2. Current diagnosis of acute bronchial asthma attack;

3. History or clinical suspicion of pulmonary fibrosis;

4. Current diagnosis of suspected pulmonary thromboembolism;

5. Patients who require anticoagulant or antiplatelet therapy for a previous venous or
arterial thrombotic disease;

6.  Patients with pneumonectomy or lobectomy;

7. Kidney failure with GFR <30 mL/min;

8.  Patients with contraindication to anticoagulation;

9.  Congenital bleeding disorders;

10. Hypersensitivity to tinzaparin or HNF or to any of its excipients;

11. History of heparin-induced thrombocytopenia;

12.  Active bleeding or situations that predispose to bleeding;

13.  Moderate or severe anemia (Hb < 10 g/dL);

14. Platelet count < 80,000/ uL;

15. Patients with a life expectancy of less than 3 months due to the primary disease
evaluated by the physician.

2.3. Randomization

Patients were screened on admission and randomized at a ratio of 1:1:1 by means of
a central, electronic, automated system with permuted blocks of 6. Neither participants,
nor investigators were blinded as to group assignment. Subjects were stratified by age,
sex, and presence of high blood pressure. Those who were assigned to the control group
received standard prophylaxis with subcutaneous (sc) tinzaparin 4500 IU once daily. The
experimental group received tinzaparin 100 IU/kg once daily (intermediate dose group)
or 175 IU/kg once daily (therapeutic dose group) (Figure 1). The first dose of tinzaparin
was administered within the first 24 h after randomization. Prior to randomization, pa-
tients could receive prophylactic or higher dose LWMH as local protocol of each center.
Recommendations from the Spanish Society of Thrombosis and Hemostasis were followed
by most centers and a dose-escalating protocol was implemented depending on risk and
clinical severity /prognostic factors. The assigned treatments remained the same through-
out hospitalization. Therapeutic-dose anticoagulation treatment was applied if patients
developed a thromboembolic event, atrial fibrillation, or any clinical condition requiring
anticoagulation according to clinical guidelines. After discharge, all patients received
tinzaparin 4500 IU/day subcutaneously for seven days, after which thromboprophylaxis
was maintained at the discretion of the attending physician. If intensive care unit (ICU)
admission was required, the patients could remain with the study drug or not, according
to local practices. Except for the assigned anticoagulation therapy, all other clinical care
was provided as per local protocols.

2.4. Outcomes

Demographic characteristics, comorbidities, medications, and laboratory evaluations
were recorded at randomization. The primary efficacy outcome was a composite endpoint
of death, need for invasive mechanical ventilation (IMV), non-invasive ventilation (NIV),
including high flow oxygen with nasal cannula (HFNC), and venous or arterial thrombosis
within 30 days after randomization. Safety outcomes were major bleeding and clinically
relevant non-major bleeding, as defined by the International Society on Thrombosis and
Hemostasis (ISTH) [12]. Secondary outcomes of the trial were:

1. Reduction of suspected systemic thrombotic events (myocardial infarction, ischemic
stroke, deep vein thrombosis, pulmonary thromboembolism confirmed with
imaging tests);

2. Progression on the WHO progression scale (worst situation during admission and at
discharge);

3. Progression to Acute Respiratory Distress Syndrome by PaO,/FiO, or SpO,/FiO,
criteria;
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4 Overall survival day 14, 30, and 90;

5. Length of hospital stay;

6.  Orotracheal intubation;

7. Length of ICU stay;

8.  Incidence of major bleeding;

9.  Incidence of clinically relevant non-major bleeding;

10. Incidence of clinically relevant bleeding;

11. Incidence of adverse reactions;

12.  Changes in biochemical and hematological values from Day 1 to Day 14 between
groups.

Outcomes were adjudicated locally by one investigator based on objectively con-
firmed diagnostic tests, laboratory results, and other objective data from the clinical record.
The diagnosis of thrombosis was based on clinical suspicion. DVT was defined as a
non-compressible venous segment on ultrasonography and a PE was diagnosticated as
intraluminal filling defect in the spiral CT or in the pulmonary angiography or signs
suggestive of PE in the echocardiography.

2.5. Statistical Analysis

Considering the main objective, the incidence in the prophylactic group was expected
to be 24% and 12% in intermediate group and therapeutic group-based internal hospital
data from 1-12 April 2020.

The sample size was calculated from a proportion of a 13% reduction in thrombosis in
the prophylactic group. It was assumed that with therapeutic doses we would be able to
reduce the risk of thrombosis by 8% (from 13 to 5%). The remaining 4% reduction (from
11% to 7%) would be obtained from the reduction in the other component variables of the
main variable (death, need for invasive mechanical ventilation or high-flow ventilation).

Accepting an alpha risk of 0.025 and a beta risk of <0.2 in a bilateral contrast, statis-
tically significant differences could be detected with 200 patients per group. The study
protocol included an interim analysis when 50% of the target population had been included.
An interim analysis was scheduled to be performed after 300 patients were included. The
trial could be stopped for: (1) superiority; (2) futility with regard to the primary endpoint;
or (3) safety reasons. Following the results of this interim analysis presented in this article,
the Scientific Committee decided to prematurely halt the clinical trial, based on the futility
analysis and the drop in recruitment at the end of fifth wave.

Categorical variables were expressed as frequencies and percentages, and quantitative
variables as mean =+ standard deviation (SD) or median and interquartile range (IQR),
relative to distribution. The Shapiro-Wilk test was used to examine the normality of the
distributions of samples of <30 and the Kolmogorov-Smirnoff test was applied in the other
cases. For intergroup statistical analysis, chi-square or Fisher’s exact test were used for
categorical variables and unpaired Student’s t-test or Mann-Whitney test for continuous
variables. Survival analysis was performed using Kaplan-Meier curves. Efficacy and safety
were assessed in the modified intention-to-treat population, including all randomized
patients who received at least one dose of the assigned treatment. Statistical analyses were
performed using the statistical package SAS, 9.4 (Copyright © 2016 by SAS Institute Inc.,
Cary, NC, USA).

3. Results

From 1 February 2021 to 30 September 2021, 311 patients were enrolled, coinciding with
the third to the fifth pandemic wave in Spain, 11 subjects were excluded from the analysis
due to withdrawal of consent or screening failure, while all other patients did receive at
least one dose and were all included in the analysis. Among these patients, the intention-
to-treat, per-protocol, and safety populations were equally constituted, with no major
protocol deviations detected and all treatment doses received. The study protocol included



J. Clin. Med. 2022, 11, 5632

6 of 18

an interim analysis with 50% of the estimated sample size, at which point the Scientific
Committee decided to discontinue the study in light of the results presented below.

Of the 300 patients, 106 (35.3%) were assigned to the prophylaxis group; 91 patients
(30.3%) were allocated to the intermediate dose group; and 103 patients (34.3%) were
randomized to the therapeutic dose group (flow chart in Figure 2).

N= 311 were randomized

Allocated to Standard
prophylaxis
Tinzaparin 4500 IU
(n=110)

Received allocated
intervention (n= 106)

Did not receive allocated
intervention (give reasons)
(n=4)

Reasons: 4 retired written
consent.

Allocated to Intermediate dose
Tinzaparin
100 IU/kg/day
(n=96)

Received allocated intervention (n=
91)

Did not receive allocated
intervention (give reasons) (n=5)
Reasons: 4 retired written consent,
1 screening failure.

Allocated to Therapeutic
dose
Tinzaparin 175Ul/kg
(n=105)

Received allocated intervention
(n=103)

Did not receive allocated
intervention (give reasons)
(n=2)

Reasons: 1 screening failure, 1
retired written consent.

A 4

A 4

Lost to follow-up (give
reasons) (n=0)

Discontinued intervention
(give reasons) (n=8)

Reasons: 5 events, 2
exclusion criteria during
study, 1 medical decision.

Lost to follow-up (give reasons)
(n=1)

Discontinued intervention (give
reasons) (n=9)

Reasons: 5 events, 1 exclusion
criteria during the study, 1

(treatment retired by mistake).

A 4

medical decision, 2 other reasons

Lost to follow-up (give
reasons) (n=3)

Discontinued intervention
(give reasons) (n=6)

Reasons: 5 events, 1
medical decision.

A 4

v

A 4

Analysed (n=106)
+ Excluded from analysis
(give reasons) (n=0)

Analysed (n=91)
+ Excluded from analysis
(give reasons) (n=0)

Analysed (n=103)
+ Excluded from analysis
(give reasons) (n=0)

Figure 2. Flow chart for the PROTHROMCOVID trial.

Baseline characteristics were similar in the three groups, including D-dimer, IL6, CRP,
and ferritin values (Table 1). IL6, CRP, and ferritin are presented as values upon hospital
admission. The distribution of individuals with D-dimer <1000 pg/L was as follows: 83%
in the prophylaxis group, 72% in the intermediate dose group, and 79% in the therapeutic
dose group. Treatment for COVID-19 with corticosteroids (89.3%), remdesivir (18.0%),
or tocilizumab (14.3%) was comparable in all three groups. The percentage of COVID-
19-vaccinated subjects was 16%, 29%, and 26% in the prophylaxis, intermediate, and
therapeutic dose groups of tinzaparin, respectively (p = 0.06). There was one oncological
patient in each group and no patients had hematological diseases.

Primary endpoint: The composite endpoint, which ensued in 58 participants (19.3%)
of the total study population: 19 patients (17.9%) in the prophylactic dose group, 20 (22.0%)
in the intermediate dose group, and 19 (18.4%) in the therapeutic dose group (p = 0.72).
(Table 2).
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Table 1. Baseline characteristics of patients included in PROTHROMCOVID trial.

Prophylaxis Intermediate Therapeutic
N =300 (4500 UI Tinzaparin) (100 Ul/kg Tinzaparin) (175 Ul/kg Tinzaparin)
Group A (N =106) Group B (N =91) Group C (N =103)
Age, Mean (SD) (years) 54.1 (15.0) 56.5 (14.1) 58.5 (14.4)

Weight, Median (Q1-Q3) (Kg)
BMI Median (Q1-Q3)

79.6 (73.0-87.0)
28.5 (25.6-31.1)

78.5 (70.0-88.0)
28.6 (25.8-31.2)

78.9 (70.0-88.0)
28.7 (25.1-31.9)

Men, N (%) 63 (59.4%) 57 (62.6%) 62 (60.2%)
Women, N (%) 43 (40.5%) 34 (37.3%) 41 (39.8%)
Comorbidities
Hypertension, N (%) 29(27.4%) 34(37.4%) 36(34.9%)
Diabetes mellitus, N (%) 13 (12.3%) 17 (18.7%) 20 (19.4%)
Dyslipidemia, N (%) 26 (24.5%) 30 (33.0%) 36 (34.9%)
Smoking, N (%) 5 (4.7%) 6 (6.6%) 5 (4.8%)
Coronary heart disease, N (%) 4 (3.8%) 3(3.3%) 3(2.9%)
Chronic obstructive o o o
pulmonary disease, N (%) 3(2.8%) 4 (4.4%) 5 (4.8%)
Chronic renai(;ig/sfunctlon, N 1(0.9%) 2 (2.2%) 3 (2.9%)
Prior stroke, N (%) 3(2.8%) 1(1.1%) —%
Prior thromboeombohc events, 1(0.9%) 1(1.1%) 2 (1.9%)
N (%)
Respiratory severity
Sat0,/ Fi0,, Median (Q1-Q3) 353 (217-452) 346 (199-450) 342 (215-477)
Laboratory test

Peak D-dimer, Median
(Q1-Q3) (ng/dL)

618 (375-1100)

686 (404-1340)

620 (363-1200)

Platelets, Median (Q1-Q3)

(x10%) 344 (269-436) 369 (299-439) 320 (246-401)
IL6 (Q1-Q3), Median (Q1-Q3)
23.8 (7.8-50.1 29.4 (5.7-63. 21.43 (7.4-43.
(mg/dL) 3.8 (7.8-50.1) 9.4 (5.7-63.8) 3 ( 3.9)
Creatinine, Median (Q1-Q3)
0.76 (0.6-0.9 0.73 (0.6-0.8 0.71 (0.6-0.9
g/ dL) (0.6-0.9) (0.6-08) (0.6-09)
Ferritin, Median (Q1-Q3)
619 (274-1275 775 (386-1347 554 (271-1177
g/l ( ) ( ) ( )
CRP, Median (Q1-Q3)
7.6 (25-107 9 (14-142 7.1 (27-131
(mg/dL) 57.6 (25-107) 60.9 ( ) 57.1( 31)
LDH, Median (Q1-Q3)
2544 25047 1 (243-
(ng/dL) 336 (254-439) 333 (250-478) 301 (243-383)
ISTH-DIC score, Mean (SD) 2.42 (0.9) 2.56 (0.91) 2.33 (0.76)
COVID-19 Treatment
Steroids, N (%) 94 (88.6%) 83 (91.2%) 91 (88.3%)
Remdesivir, N (%) 20 (18.8%) 16 (17.5%) 18 (17.4%)
Tocilizumab, N (%) 16 (15.1%) 18 (17.4%) 11 (10.6%)
Vaccination Status
1 dose 8 (7.5%) 12 (13.1%) 12 (11.6%)
2 doses 12 (11.3%) 18 (19.7%) 16 (15.5%)

IL6 = Interleukin 6; CRP = C-reactive protein; ISTH-DIC score = International Society of Thrombosis and
Haemostasis overt disseminated intravascular coagulation score.
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Table 2. The primary endpoint was the composite outcome of death, need for mechanical ventilation
(invasive or noninvasive or high-flow therapy via nasal cannula), and venous or arterial thrombosis
within 30 days after randomization.

Absolute

Difference Risk Reduction
(* Intermediate (* Intermediate
. Intermediate Therapeutic Dose vs.
Prophylaxis Dose vs. .
. . Dose Dose . Prophylactic
Pri Dose Tinzaparin . . . . Prophylactic
rimary Outcome Tinzaparin Tinzaparin 175 Dose; p-Value
4500 IU/day Dose; s .
(N = 106) 100 IU/kg/day Ul/kg ** Therapeutic Therapeutic
(N=91) (N =103) Dose vs Dose vs.
Prophylac;ic Prophylactic
Dose) Dose)
Primary endpoint (day *1 _f. (1)5( 5‘;)2 K
+30). 19 (17.9) 20 (22.0) 19 (18.4) () 05 ) 9090/ 0.769 1
N (o/n) . (_ +7 70,
10.9%)
Secondary outcomes
*1.4% (—3.1%,
Death from any cause *1 5.9%) >
N (%) 2(1.9) 3(3.3) 2(1.9) () #0.05% (—3.7%, 0.79
3.8%)
*1.6% (—=3.1%,
Thrombotic event *2 6.3%) 2
N (%) 4(3.8) 2(22) 2(1.9) —_— #1.9% (—2.5%, 0.74
6.3%)
*0.01% (—6.9%,
ICU admission *1 6.9%) 1
N (%) 7 (6.6) 6 (6.6) 10 (9.7) 3 319 (—4.3%, 0.63
10.5%)
*—3.1% (—6.6%,
High flow nasal cannula *1 12.8%) 1
N (%) 13 (12.3) 14 (15.4) 13 (12.6) () *0.4% (—8.6%, 0.78
9.3%)
Non invasive %0 _0'66/02(5/_)4'9 Yo,
mechanical ventilation 4(3.8) 4(44) 2(1.9) o w1 Q0) A 0.67 2
N (%) 2 1.8% (—=2.7%,
6.3%)
*—1.2% (—=2.3%,
Invasive ventilation *1 4.8%) 5
N (%) 1(0.9) 2(2.2) 3(29) - * _1.9% (—1.8%, 0.60
5.7%)
Progression WHO * B . e . ) ) 3
scale, Median (Q1; Q3) 043 (—1;0) 0.13(-0.5;1) 0.06 (0; 1) 0.69

Progression to adult
respiratory distress
syndrome by 4 (3.8) 2(2.2) 1(1.0) - - 0.40 2
PaO, /FiO; or
SpO, /FiO,. N (%)

Length of hospital stay, . . . ) ) 4

Median (Q1; Q3) 10.0 (6.0; 17.0) 9.5 (6.0; 24.0) 11.0 (6.0; 14.0) 0.96

Major bleeding ) B } ) B )
N (%)
*0.5% (—4.7%,
Clinically relevant non *1 5.6%) 2
major bleeding, N (%) 468 363 3(29) w1 £ 0.9% (—4.0%, 1.00
5.7%)

* Primary endpoint was composite outcome of death, intensive care unit admission, need for mechanical ventilation
(invasive or noninvasive or high-flow therapy via nasal cannula), and venous or arterial thrombosis within 30 days
after randomization. Secondary outcomes were measured at 90 days after randomization. ! Chi-square test
p-value. 2 Fisher’s exact test p-value. 3 Wilcoxon’s test p-value. 4 Kruskal-Wallis’ test p-value. ** Therapeutic Dose
vs. Prophylactic.
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The survival analysis revealed no statistically significant intergroup differences at
30 days. Prophylactic dose group, 0.82 CI: 95% (0.73-0.88); intermediate dose group, 0.78
CI: 95% (0.68-0.85); therapeutic dose group: 0.81 CI: 95% (0.73-0.88); Log-rank test p-value
= 0.75) (Figure 3).

Product-Limit Survival Estimates
With Number of Subjects at Risk

it

!

0.8
0.6
0.4
0.2
PROPHYLAXIS DOSE GROUP
INTERMEDIATE DOSE GROUP
0.0 THERAPEUTIC DOSE GROUP
0 6 12 18 24 30
I i TREATMENT
Patients at Risk
1086 88 87 87 87 87
91 72 71 74 71 71
103 85 B84 84 84 84

Figure 3. Overall survival of patient series, as per low molecular weight heparin group assignment at
30 days follow-up. Prophylactic dose group (tinzaparin 4500 IU/daily) Prob (95% CI): 0.82 (0.73, 0.88).
Intermediate dose group (tinzaparin 100 IU/kg/day) Prob (95% CI): 0.78 (0.68, 0.85). Therapeutic
dose group (tinzaparin 175 IU/kg/day) Prob (95% CI): 0.81 (0.73, 0.88). Log-rank test p-value = 0.75.

No differences were observed in survival when the groups were stratified according to
D-dimer values (p = 0.40) (Appendix B, Figure A3) or between vaccinated or non-vaccinated
patients: 29.31% vs. 25.52% (p = 0.55).

In terms of safety, the rate of bleeding was very low in all three groups. No major
bleeding was reported and seven patients (6.6%) in the prophylactic dose group, three
participants (3.2%) in the intermediate group, and three patients (2.9%) in the therapeutic
dose group suffered non-major bleeding, with no significant differences across groups
(p=0.38).

A thrombotic event occurred in four patients in the prophylaxis group (3.8%); in two
patients (2.2%) in the intermediate dose group, and in two subjects (1.9%) in the therapeutic
dose group. NIV was provided for 10.5% of the prophylactic dose group, 11.8% in the
intermediate group, and 4.9% in the therapeutic group. Seven (2.3%) of the included
participants died during the first 30 days; two in the prophylactic dose group, three in the
intermediate dose group, and two in the therapeutic dose group (p = 0.48).

The World Health Organization (WHO) progression scale indicated no intergroup
differences in progression between the date of admission and day 4, day 7, and at discharge.
As for respiratory interventions, at day 4, 10% of the patients did not require oxygen
therapy; 87% required oxygen therapy with nasal goggles or non-rebreather facemask;
0.74% required HENC or NIV; 0.4% needed NIV, and 0.4% required IMV. The Wilcoxon
paired signs test showed no differences in progression between groups.

The results of a per-protocol analysis were similar to the intention-to-treat analysis.
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Futility analysis showed that there was no evidence of significant differences between
the prophylactic dose group and the therapeutic dose group (Z = —0.09, p = 0.92); comparing
prophylactic dose group and intermediate dose group, the results obtained were very close
to entering the zone of non-rejection of the null hypothesis, (Z = —0.71, p = 0.48) and
boundary values: o = —2.72; = —0.70 (Supplementary File, Appendix A).

4. Discussion

The results of the PROTHROMCOVID trial did not show differences during treatment
with tinzaparin in relation to prophylactic, intermediate, or therapeutic doses in relation
to the probability of death, thrombotic event, or non-invasive ventilation or invasive
mechanical ventilation in patients with COVID-19 pneumonia. In this regard, the results
of our trial provide evidence on the use of LMWH], indicating that there seems to be no
advantage of a higher dose although the risk of major bleeding appears to be low regardless
of dose in hospitalized and non-critical patients with pneumonia due to COVID-19. This
study tested these three strategies of different LMWH doses that coexisted de facto in
different hospitals in the absence of solid evidence of the most suitable dose and faced with
the high rate the high rate of thrombosis and respiratory failure recorded in the first wave
of the pandemic.

The results of the PROTHROMCOVID trial are in line with a previous study published
by Lépes et al. The ACTION trial, conducted at the end of first and second waves of
the pandemic, included 615 patients and used a hierarchical statistical analysis structure
based on time to death, and it detected no survival benefit or in duration of hospitalization
in individuals treated with full-dose enoxaparin or rivaroxaban compared to those who
received standard prophylactic LMWH doses [11].

Similarly to our results, the RAPID trial determined that there was no significant
difference between therapeutic or prophylactic strategies in non-critically ill patients ad-
mitted for COVID-19 in the combined endpoint of death, mechanical ventilation, or ICU
admission [13]. Moreover, the BEMICOP clinical trial, a small study conducted with be-
miparin, did not find any differences in the primary endpoint between cases randomized
to therapeutic doses in comparison with prophylactic doses [14]. In contrast, the results
of REMAP-CAP, ACTIV-4a, and ATTAC multiplatform collaborative trials support an
early strategy of full-dose anticoagulant doses of heparin in non-critically ill subjects by
demonstrating an increased in organ-free support days evaluated on an ordinal scale that
combined in-hospital death and the number of days free of cardiovascular or respiratory
organ support up to day 21 among patients who survived to hospital discharge (98.6% vs.
95.0%, respectively) in comparison to standard doses of LMWH thromboprophylaxis [10].
Despite being the clinical trial that has included the largest number of patients, statistical
significance was barely reached and there were no statistical differences in other outcomes
among groups, including thrombosis, survival to hospital discharge, and bleeding. More-
over, the percentage of patients who received intermediate doses in the prophylaxis group
was high (26%), which may have biased the results [15]. The HEPCOVID trial, with a
dose design similar to PROTHROMCOVID trial, showed a decrease in events, throm-
boembolism, and death in the therapeutic-dose LMWH in hospitalized, but not in ICU
patients, with no differences at the intermediate-dose level [16]. It should be noted that
the HEPCOVID trial was conducted in May 2020, during the first wave, with a higher
percentage of events than those observed in our trial and in those conducted in later stages
of the pandemic. It is worth mentioning that PROTHROMCOVID recruitment began in
February 2021, in the middle of the third wave of the pandemic in Spain and up to and
including the fifth wave. Consequently, patients were at lower risk of mortality, given
the widespread use of corticosteroids and the beginning of vaccination against COVID-19
(unlike other studies), with the first dose of tinzaparin administered within the first 24 h
after randomization and with concomitant treatment, mainly corticosteroids, most of which
were homogeneous across the patients included. This profile is more similar to current
clinical presentations than those of the first wave of the pandemic.
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In line with our results, two clinical trials have analyzed standard prophylactic versus
intermediate-dose LMWH. The INSPIRATION trial [17] tested the effect of intermediate
versus standard dose prophylactic anticoagulation on thrombotic events, extracorporeal
membrane oxygenation treatment, or mortality among patients with COVID-19 admitted to
ICU. Likewise, Perepu et al. [18] published the results of their trial that examined standard
prophylactic versus intermediate-dose enoxaparin in adults with severe COVID-19; both
trials did not find significant intergroup differences. The lack of efficacy of the intermediate
or full doses compared to standard doses could be due to differences in the clinical situation
of the subjects included after the first wave, in which patients displayed more inflammation
and received fewer doses of corticosteroids, monoclonal antibodies, immunomodulators,
and antivirals that have demonstrated benefit in the evolution of the disease. In addition,
the severity of symptoms in individuals affected by COVID-19 variants with lower mortality
rates in the last months of recruitment may account for these data. Similarly, the incidence
of thrombosis recorded during the first wave [19] in our own setting was higher than data
collected during the second wave.

A meta-analysis including 49 studies concluded that prophylactic anticoagulation
was recommended rather than intermediate to therapeutic anticoagulation, considering
insignificant survival benefits but higher risk of bleeding when higher doses were used [20].
The PROTHROMCOVID study confirms the non-superiority of intermediate doses and
therapeutic doses with respect to standard prophylactic LMWH doses; consequently, the ac-
cumulated evidence suggests that this strategy should be abandoned in this patient group.

However, the recommendations of the different guidelines have not been unanimous
either. The American Society of Hematology favored a prophylactic dose over intermediate
or therapeutic dose for patients with critical illness related to COVID-19 or acute illness
without confirmed or suspected thromboembolic disease [21], while the National Institute
for Health and Care Excellence (NICE) guidelines put forth the conditional recommendation
to consider a therapeutic dose of LMWH for young people and adults with COVID-19 who
need low-flow oxygen and who do not have an increased bleeding risk [22].

In terms of safety, the risk of bleeding tends to be higher in most of the studies in
which the anticoagulation strategy is more intense [23]. In multiplatform trials, the risk of
major bleeding was 1.8% in controls receiving standard prophylaxis versus 3.7% in those
receiving therapeutic doses [10]. The PROTHROMCOVID study participants had no major
bleeding events, perhaps because of the smaller sample size than in the collaborative trials,
the characteristics of the included population, or the type of heparin used [6].

We believe our safety data to be of the utmost importance because it does not appear
from our results that the option of therapeutic anticoagulation or intermediate doses
generates an increased risk of major bleeding in a subset of non-critically ill patients where
upcoming ASH or ISTH guidelines may suggest full-dose LMWH as NICE guidelines does.

Our study has certain limitations. For instance, neither investigators, nor patients
were blinded. The main weakness of our results, however, is not having reached the
estimated sample size, given that the researchers chose to interrupt the study on September
2021 due to both the slow recruitment rate and the results of the interim analysis. After
the first 300 patients, we conducted the planned interim analysis. At this point, there
were 19 combined outcome events in the 103 patients who received standard prophylaxis
tinzaparin 4500 IU/kg, 20 combined events in patients who received intermediate-dose
tinzaparin 100 IU/kg/day, and 19 combined events in patients who received therapeutic-
dose tinzaparin 175 IU/kg/day. It revealed a lower absolute number of events than
expected, as well as a smaller relative difference between intermediate and therapeutic
versus standard prophylaxis, so it was unlikely that significant differences could have been
reached with the complete sample originally planned. We determined that we would need
at least 2592 patients per group to achieve a statistically significant difference.

These results should not be extrapolated to other more severe hospitalized patients
with COVID-19.
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The strengths of our study include the low number of withdrawals of informed consent
by patients, the very early use of tinzaparin in all three arms of the study, which may have
influenced in the safety outcomes, and the fact that the three strategies of anticoagulation
were with the same LMWH. In Spain, LMWH such as tinzaparin, enoxaparin, or bemiparin,
among others, are approved for the prophylaxis and treatment of venous thromboembolic
disease. We consider that very few results had been reported on the use of tinzaparin in the
prophylaxis of thromboembolism associated with COVID-19. Therefore, we consider that
this fact could provide more evidence in this field.

Similarly, this was a multicenter study conducted in academic and general care centers.
Furthermore, the study was conducted during a phase of the pandemic in which the
incidence of thrombosis and mortality were lower than before; thus, the findings of our
study might be more applicable to future waves of the pandemic, which are expected to
be milder due to generalized immunization, fewer pathogenic variants of COVID-19, and
better treatment options [24].

5. Conclusions

In conclusion, in non-critically ill COVID-19 pneumonia patients, intermediate, or
full-dose tinzaparin does not appear to offer any benefit over standard, prophylactic doses,
on the risk of thrombotic events, use of invasive or non-invasive ventilation, high-flow
oxygen with nasal cannula, or death. However, the risk of bleeding related to intermediate
or full heparin doses appears to be low in these patients.

PROTHROMCOVID trial (NCT04730856).
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Appendix A
Futility Analysis PROTHROMCOVID Trial Report

To evaluate the possibility of continuing with the study, the following futility analysis
was proposed, considering the hypotheses:

HO. There are no statistically significant differences between treatments.
H1. There are statistically significant differences between the treatments.

In case of rejecting the null hypothesis, it is concluded that the treatments behave
significantly differently, and differences could be reached if the study continues.

If the null hypothesis is not rejected, it is concluded that the treatments behave in a
similar way, so it would be futile to continue with it.

Table A1. The POWER Procedure.

Pearson Chi-Square Test for Proportion Difference

Fixed Scenario Elements

Distribution Asymptotic normal
Method Normal approximation
Number of Sides L
Alpha 0.025
Group 1 Proportion 0.13
Group 2 Proportion 0.05
Nominal Power 0.8
Null Proportion Difference 0
Computed N per Group
Actual Power N per Group

0.801 200
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Pearson Chi-square Test for Proportion Difference

205.0

202.5

200.0

Sample Size per Group

197.5 4

195.0 4

192.5 4

190.0 -

0.78 0.79 0.80 0.81

Power

0.82 0.83

Figure A1. Power procedure of the futility analysis.

Table A2. The SEQDESIGN Procedure.

Design: One-Sided O’Brien—Fleming

Design Information

Statistic Distribution Normal
Boundary Scale Standardized Z
Alternative Hypothesis Lower
Early Stop Accept/Reject Null
Method O’Brien-Fleming
Boundary Key Both
Alternative Reference —0.08
Number of Stages 2
Alpha 0.025
Beta 0.2
Power 0.8

Max Information (Percent of Fixed Sample) 105.8601
Max Information 1298.255
Null Ref ASN (Percent of Fixed Sample) 65.61561
Alt Ref ASN (Percent of Fixed Sample) 88.24682

Adj Design Alpha 0.025
Adj Design Beta 0.19907
Adj Design Power 0.80093
Adj Design M.ax Information (Percent of 105.8615

Fixed Sample)
Adj Design Max Information 1301.37
Adj Design Null Ref ASN (Percent of Fixed 65.70521
Sample)

Adj Design Alt Ref ASN (Percent of Fixed 88.12149

Sample)
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Table A3. Method Information of the SEQDESIGN Procedure.
Method Information
Unified Family Alternative
B d Alph. i
oundary Method pha Beta Rho Tau C Reference Drift
LowerBeta O brien- 0.20000 0.5 0 0.94812 —0.08 —2.8825
Fleming
Lower ©O'Brien- 0.02500 . 0.5 0 1.93438 ~0.08 —2.8825
Alpha Fleming
Boundary Information (Standardized Z Scale)
Null Reference =0
Alternative Boundary Values
_Stage_ Information Level Reference Lower
Proportion Actual N Lower Alpha Beta
1 0.5000 649.1273 208.4997 —2.03824 —2.73563 —0.69739
2 1.0000 1298.255 416.9994 —2.88250 —1.93438 —1.93438
Boundary Plot
OneSidedOBrienFleming (a0 =0.025 =0.2)
14
N
=l
%
3
5 2
5]
37 Stage 1 2
T T T T T T
0 250 500 750 1000 1250
Information
] Rejection Region O Acceptance Region Rejection Boundary
Acceptance Boundary O Fixed-Sample Critical Value
Figure A2. Boundary plot.
Table A4. Ceiling-Adjusted Design Boundary Information.
Ceiling-Adjusted Design Boundary Information (Standardized Z Scale)
Null Reference =0
Alternative Boundary Values
_Stage_ Information Level Reference Lower
Proportion  Actual N Lower Alpha Beta
1 0.5024 653.7983 210 —2.04556 —2.72960 —0.70352
2 1.0000 1301.37 418 —2.88596 —1.93473 —1.93473

According to these results, Z test values below —2.72960 result in a rejection of the
null hypothesis, while Z values above —0.70352 accept the null hypothesis.
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Group Prophylactic Dose vs. Group Intermediate Dose

The statistic Z = —0.7118 falls within the interval (—0.70352, —2.72960), that is, in a
zone of indeterminacy, which, although the results obtained indicate that it is very close to
entering the zone of non-rejection of the null hypothesis, that is to say that it is about to
enter the zone of deciding to stop the study.

Group Prophylactic Dose vs. Group Therapeutic Dose

The statistic Z = —0.0978 > —0.70352, that is, in the zone of acceptance of the null
hypothesis, which implies stopping the study.

Appendix B

Product-Limit Survival Estimates
With Number of Subjects at Risk

PROPHYLAXIS DOSE GROUP
INTERMEDIATE DOSE GROUP
THERAPEUTIC DOSE GROUP

6 12 18 24 30

Patients at Risk

16
24

17

TREATMENT
12 11 11 11 1
18 17 17 17 17
16 15 15 15 15

Figure A3. Survival analysis stratified by D Dimer > 1000.

A subanalysis was performed evaluating only those patients with a D-dimer value
>1000. The combined event of presenting Thrombotic Event and/or NIMV and/or death
from any cause and/or High Flow and/or ICU before 30 days from randomization was
considered; those patients who did not present an event were censored at 31 days. No
statistically significant differences in survival were detected between the three treatment
groups. The p-value associated with the Wald statistic (1.8037) is 0.4058 > 0.05.

Appendix B.1. Members of the PROTHROMCOVID Trial

Ahmad Sanchez, N., Aibar Gallizo, J., Alonso Carrillo, J., Anchorena Diaz, C.O.,
Aratjo Ameijeiras, A., Ausin Garcia, C., Aznar Ruiz de Alegria, M.L., Bara Ledesma, N.,
Barbagelata Lopez, C., Béjar Béjar, M.J., Boan Pérez, ]., Bosch Nicolau, P., Bou, M., Casillas
Ramos, N., Castro Guardiola, A., Cerezo Benichou, E., Cervilla Munoz, E., Chouza Pifieiro,
A., Coloma, E., Daponte Angueira, S., De Carranza Lépez, M., De Moya Romero, J.R,,
Del Toro Cervera, ]., Demelo-Rodriguez, P., Encabo Gonzalez, M.V., Escribano Stable, ].C.,
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Espadas, N., Espinosa Pereiro, J., Fabregate Fuente, M., Fajardo Megias, A., Fernandez
Gomez, B., Fernandez Poncela, E., Fernandez Soler, C., Francisco Albesa, I., Franco Moreno,
AL, Gabara Xanco, C., Galeano-Valle, F., Garcia Delicado, E., Gomez del Olmo, V., Gomez
Guerra, R., Hernandez Rivas, J.A., Hurtado Ganoza, A., Iranzo Alcolea, M.P,, Jiménez Este-
ban, J., Lalueza Blanco, A., Lima Rodriguez, O., Lépez Cisneros, O.A., Lopez Dominguez,
AM.,, Lopez Lallave, S., Madridano Cobo, O., Maestre Peir6, A., Manzano Varela, S., Marin
Gonzalez, M., Marti Saez, E., Martin, M., Martin Hurtado, M.]., Martinez Merchan, C.,
Méndez-Bailon, M., Mestre Gomez, B., Moisés, J., Molina Mejias, P., Molina Ruano, A.,
Morello Gonzalez, D., Moreno Martinez, M.E., Moya Mateo, E., Mufioz-Rivas, N., Nieto
Rodriguez, ].A., Pérez-Pinar, M., Oblitas, C.M., Ordieres Ortega, L., Pefia Rodriguez, M.,
Pérez Gonzalez, A., Pérez Pinar, M., Pousada Fernandez, G., Pueyo, C., Quezada Reynoso,
A., Ramos Alonso, L., Ramos de Ascanio, V., Rexach Fumanya, M., Rey Garcia, ]., Rios
Prego, M., Rivera Gallego, A., Rodriguez-Calderita Facundi, M.A., Rodriguez-Nufiez, O.,
Salvador Vélez, F., Sanchez Diaz, C., Sanchez Montalva, A., Sanchez Serrano, 1., Sanchiz
Cruz, M., Segado Soriano, A., Suarez Carantofia, C., Such Diaz, A., Torres Macho, J., Torrijos
Sen, R., Trueba Vicente, A., Urbelz Pérez, A., Varona Torralvo, N., Zamora, C.

Appendix B.2. Participant Centers

Hospital Universitario Infanta Leonor. Madrid. Spain.

Hospital Clinic. Barcelona. Spain.

Hospital de Emergencias Enfermera Isabel Zendal. Madrid. Spain.
Hospital Universitario Ramoén y Cajal. Madrid. Spain.

Hospital General Universitario Gregorio Maranon. Madrid. Spain.
Hospital Alvaro Cunqueiro. Vigo, Pontevedra. Spain

Hospital Universitario Vall d"Hebron. Barcelona. Spain.

Hospital Virgen de la Luz. Cuenca. Spain.

Complexo Hospitalario Universitario de Pontevedra. Pontevedra. Spain.
Hospital Universitario Infanta Sofia. San Sebastian de los Reyes, Madrid. Spain.
Hospital Universitario A Corufia. A Corufia. Spain.

Hospital Universitario 12 de Octubre. Madrid. Spain.

Hospital Universitari de Girona Dr. Josep Trueta. Girona. Spain.
Hospital Clinico Universitario de Valencia. Valencia. Spain.

Hospital Universitario de Vinalopd. Elche, Alicante. Spain.
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La presente tesis doctoral, compuesta por 4 articulos originales y 1 carta al editor, trata
de valorar e identificar factores de riesgo asociados tanto al riesgo de recurrencia
trombdtica como al riesgo de sangrado en pacientes con enfermedad tromboembdlica

venosa.

Tal y como hemos visto en la introduccién, actualmente, dada la ausencia de evidencia
robusta referente a los factores de riesgo de recurrencia y de sangrado, la decisidon de
mantener o suspender el tratamiento anticoagulante tras un primer evento de ETV,
sobre todo si es no provocado, es un reto en la practica clinica habitual. Para la toma
de esta decisidn, las guias de practica clinica recomiendan tener en cuenta tres pilares
fundamentales: el riesgo de recurrencia, el riesgo de sangrado y las preferencias del
paciente; pero la correcta categorizacion de estos riesgos es uno de los principales
temas de debate e investigacion actual en el ambito de la ETV. Como punto de partida,
en nuestro articulo publicado a partir de los datos del Registro Informatizado de
Pacientes con Enfermedad TromboEmbdlica (RIETE), evaluamos las tasas de
recurrencia y de sangrado mayor, al suspender el tratamiento anticoagulante, en 8.261
pacientes tras un primer episodio de ETV no provocada. Tras una media de
seguimiento de casi 1 afio tras la suspensién del tratamiento anticoagulante, las tasas
de recurrencia (9,8 eventos/pacientes/afio) fueron mucho mayores que las tasas de
sangrado mayor (0,6 eventos/pacientes/afio), pero la tasa de mortalidad a los 10 dias
de estos eventos, fue mucho mas elevada en los pacientes con un sangrado mayor
(24%) que en los pacientes con recurrencias en forma de TEP (4,6%) y TVP (0,4%).
Nuestras tasas de recurrencia son similares a las descritas previamente (42), sin
embargo, nuestro estudio reporta una mortalidad casi insignificante asociada con la
recurrencia en forma de TVP y una mortalidad mas baja que las descritas previamente
tras una recurrencia en forma de TEP. Estos hallazgos tienen implicaciones
importantes, ya que la mayoria de los estudios en Ila literatura se concentran en la
incidencia de recurrencias de ETV sin considerar debidamente la mortalidad asociada a
estas recurrencias. En cuanto a los sangrados mayores, nuestro estudio también
resalta que la incidencia de sangrado mayor tras suspender la anticoagulacién en
pacientes no seleccionados con ETV no provocada no es insignificante. De hecho,

nuestra tasa de sangrado mayor es ligeramente mas alta que la tasa de 0,35 (IC 95%,
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0,20-0,54) de sangrados mayores observada en un metaanalisis reciente de ensayos
aleatorizados y estudios de cohorte (56), aunque esta diferencia no es significativa.
Este riesgo, aunque a veces se pasa por alto, esta lejos de ser inconsecuente y, mas, si
tenemos en cuenta que los pacientes con un sangrado mayor presentan una tasa de
letalidad notablemente mas alta que aquellos con recurrencias cuando se manifiesta.
Por tanto, estos datos, obtenidos a partir de una larga cohorte de pacientes de vida
real, ponen de manifiesto la necesidad de categorizar de forma correcta a estos

pacientes.

Con esta premisa, nuestro siguiente objetivo fue intentar identificar los factores de
riesgo asociados a recurrencias en forma de TEP y TVP de forma independiente (dada
la diferente implicacidon prondstica de estos eventos), y observamos que estos factores
difieren. En primer lugar, este estudio corrobora que la presentacidn inicial de la ETV,
en pacientes con ETV no provocada, influye de forma significativa en la forma de
recurrencia: los pacientes con TEP inicial son mds propensos a recurrir en forma de TEP
y aquellos con TVP inicial son mas propensos a recurrir en forma de TVP. Ademas,
encontramos que los pacientes con demencia tenian un mayor riesgo de sufrir
recurrencias en forma de TEP, mientras que aquellos con depresién y uso
concomitante de corticoesteroides tuvieron un mayor riesgo de recurrencia en forma
de TVP. Aunque la relacion entre demencia y un mayor riesgo de recurrencia parece
tener sentido clinico (por la inmovilizacion y mayor deshidratacidn en estos pacientes),
hasta la fecha aun no se ha establecido esta asociacidon de forma clara en la literatura.
Por otro lado, la depresién y el uso concomitante de glucocorticoides si que se han
asociado previamente con un mayor riesgo de recurrencia de ETV, pero no
particularmente con un mayor riesgo de TVP (94,95). En cuanto a los factores de riesgo
asociados a sangrado mayor, encontramos que la edad avanzada, la enfermedad
inflamatoria intestinal y la anemia se asociaban a un mayor riesgo de estos eventos, tal

y como sugiere la literatura publicada hasta la fecha (51,96).

Con estos factores prondsticos obtenidos, desarrollamos un score clinico de riesgo de
recurrencias en forma de TEP y otro para la prediccién de sangrado mayor y
estratificamos a los pacientes en alto o bajo riesgo de cada uno de estos eventos.

Aungue el c-estadistico obtenido de estos scores (entre 0,6 y 0,7) muestra que hay aun
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margen de mejora, en los pacientes clasificados como de alto riesgo de recurrencia en
forma de TEP y bajo riesgo de sangrado, la tasa de recurrencia fue 25 veces mayor que
la de sangrado, mientras que en los pacientes clasificados como bajo riesgo de
recurrencia y alto riesgo de sangrado, la tasa de recurrencia fue Unicamente dos veces
mayor. Con esto, nuestros resultados no sirven simplemente como herramientas
académicas sino como instrumentos practicos para guiar en el proceso de toma de
decisiones en estos pacientes, siendo Utiles para estimar si los beneficios de la
prevencion extendida de la recurrencia de ETV superan los riesgos derivados de un
sagrado mayor (teniendo en cuenta la alta mortalidad asociada a este evento). Desde
nuestro punto de vista, esta consideracidn es especialmente pertinente para pacientes
con alto riesgo de sangrado mayor, pero al mismo tiempo bajo riesgo de recurrencia,
en los que, suspender la anticoagulacién, podria ser una medida critica de intervencién
que podria disminuir la mortalidad. En este sentido, la validacién externa de nuestros
scores, proporcionada por el registro Contemporary management and outcomes in
patients with venous thromboembolism (COMMAND-VTE), fortalece nuestras
conclusiones y las extrapola a una poblacidn geografica y demografica diferente.

Pese a sus fortalezas, nuestro estudio también tiene algunas limitaciones que vale la
pena mencionar. En primer lugar, dado que el registro RIETE es de naturaleza
observacional, no podemos excluir la influencia potencial de variables no controladas
en los resultados. En segundo lugar, la decision de suspender o mantener Ia
anticoagulacion tras 3-6 meses de tratamiento en los pacientes fue tomada por cada
médico tratante, lo que podria haber llevado a una subestimacion de la asociacion
entre las recurrencias de ETV y la interrupcién del tratamiento si los pacientes
percibidos como de mayor riesgo tenian mas probabilidades de continuar con
anticoagulacidn. Por el contrario, la incidencia de sangrado después de la interrupcién
puede haberse sobreestimado si aquellos que se consideran con mayor riesgo tenian
menos probabilidades de continuar con el tratamiento anticoagulante. Sin embargo,
hay que destacar que no hubo grandes diferencias entre la poblacidn de pacientes
incluidos versus los excluidos del estudio. Por ultimo, mencionar que las variables
demencia y enfermedad inflamatoria intestinal, que en conjunto representan un tercio
de los items de las puntuaciones de los scores, no estaban disponibles en el registro

COMMAND-VTE, lo que supone una limitacién. Sin embargo, dada su baja prevalencia
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en nuestra poblacion (4% y 0,8% respectivamente), es poco probable que haya
afectado sustancialmente la precisiéon prondstica para la gran mayoria de los

pacientes.

En resumen, este primer estudio destaca que, aunque el sangrado mayor es menos
frecuente que la recurrencia de ETV después de interrumpir la anticoagulacién en
pacientes con ETV no provocada, estd asociado con una tasa de mortalidad
sustancialmente alta. Por tanto, estos resultados enfatizan la necesidad de considerar
no solo la frecuencia, sino también la gravedad de los eventos, a la hora de decidir
continuar o interrumpir la anticoagulacion en estos pacientes. En este sentido, la
investigacion futura deberia centrarse en perfeccionar las herramientas de
estratificacién de riesgos y explorar los beneficios de las duraciones de tratamiento

personalizadas para optimizar el cuidado de los pacientes.

Una subpoblacién que merece una mencién especial en cuanto al riesgo de recurrencia
y sangrado son los pacientes de edad avanzada. Estd descrito que la edad avanzada
aumenta el riesgo de sangrado (y sangrado mayor) (56) con pacientes con ETV, por lo
que, en general, se desaconseja la prolongacién de la anticoagulacién mas alla de los 3-
6 meses en pacientes mayores de 75 afios (51). Sin embargo, esta recomendacién sélo
puede justificarse si el riesgo de recurrencia en estos pacientes no excede el riesgo
esperado en individuos mas jovenes y, hasta la fecha, no se han publicado estudios
concluyentes al respecto. Para intentar dar respuesta a esta cuestién, y como
complemento a los datos publicados en el primer articulo, quisimos valorar de forma
concreta el papel de la edad avanzada en cuanto al riesgo de recurrencia y de sangrado
mayor en pacientes mayores de 75 afios con un primer episodio de ETV (tanto
provocada como no provocada), que hubieran suspendido el tratamiento
anticoagulante tras completar al menos 3-6 meses, del registro RIETE. Tras aplicar los
criterios de exclusidn, se incluyeron en el analisis un total de 23.218 pacientes, de los
cuales, 7.208 (31%), eran mayores de 75 afios. Al hacer la comparacion entre grupos,
las recurrencias fueron ligeramente mas frecuentes en los pacientes mayores que en
los jévenes (12% vs 10% respectivamente), pero al realizar el andlisis tras ajustar por
otros factores clinicos (caracteristicas basales, factores de riesgo de trombosis,

extensién y localizacidn de la ETV, comorbilidades...); y teniendo en cuenta el riesgo de
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sangrado y mortalidad, estas diferencias desaparecian. Estos datos son congruentes
con los publicados por Lauber et al (97), donde la incidencia acumulada de recurrencia
a los 3 afios en una cohorte prospectiva de 991 pacientes mayores de 65 anos fue del
15%. A su vez, también en linea con los datos publicados del primer articulo y con la
literatura hasta el momento, las tasas de sangrado mayor y mortalidad fueron mas
elevadas en los pacientes mayores de 75 anos que en los mas jévenes. Por tanto, pese
a que la edad avanzada si que parece un factor de riesgo claro para un primer episodio
de ETV (98), no parece jugar un papel en el riesgo de recurrencia con respecto a los
pacientes mas jovenes, pero si en el riesgo de sangrado mayor, incluso tras la
suspension del tratamiento anticoagulante. Con todo, aunque nuestros datos se han
obtenido de una cohorte observacional, con las limitaciones que ello conlleva, son
datos derivados de una gran cohorte con un tiempo largo de seguimiento, que apoyan
el hecho de que, parece justificado, en este subgrupo de pacientes, el no mantener el

tratamiento anticoagulante de forma indefinida.

Siguiendo en la misma linea de investigacién, ademas de los factores epidemioldgicos,
las comorbilidades y las caracteristicas del evento inicial, se sabe que hay factores
relacionados con el tratamiento de la ETV que se han relacionado con un aumento de
la recurrencia trombdtica: el no realizar un tratamiento anticoagulante inicial y a largo
plazo correctos y la colocacion de un FVC (99,100). Como consecuencia, otro de los
objetivos de la presente tesis doctoral se centraba por un lado en caracterizar los
motivos de colocacién de los FVC (valorando la adherencia de la indicacién a las
principales guias de practica clinica) y, por otro, en valorar las complicaciones
derivadas de la no retirada de los mismos e identificar a los pacientes con mas riesgo
de presentarlas. Para ello, se llevd a cabo un estudio observacional retrospectivo
donde se incluyeron un total de 185 pacientes en los que se habia colocado un FVC en
un hospital terciario en el periodo comprendido entre 2015 y 2020. En nuestro
estudio, casi la mitad de los FVC (47%) se habia colocado con una indicacién clara
acorde con todas las guias de practica clinica evaluadas, lo que es similar a los
resultados obtenidos en trabajos previos publicados (95,96). Sin embargo,
encontramos una alta tasa de colocacién de FVC sin indicacion clara en ninguna guia

(38%), siendo la razén principal la colocacion de un FVC mas de 90 dias después de un
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TEP o TVP con contraindicacién para la anticoagulacion. Nuestra tasa de retirada de
los FVC fue del 59% (pudiéndose retirar en el primer intento en la practica totalidad de
los pacientes), lo que supone una mejoria con respecto a las tasas descritas en
estudios previos, que varian entre el 20 y el 30% (66,69,101,102). El tiempo medio
entre la colocacién y la retirada fue de 53 dias, lo que sigue las recomendaciones
actuales de retirada dentro de los 29 a 54 dias posteriores a la colocacién. Adn y asi, un
dato preocupante de nuestro estudio es que al 41% de los pacientes no se les retird el
filtro, probablemente porque casi la mitad de los pacientes de la cohorte tenian un
cancer activo o un alto indice de comorbilidad de Charlson. Este hecho advierte de la
necesidad de revisar cuidadosamente las indicaciones de colocacién de FVC en este
subgrupo de pacientes, considerando el beneficio real de esta colocacion, ya que estos
pacientes a menudo tienen un mal prondstico a corto plazo. De hecho, cuando
exploramos las variables clinicas asociadas con la no retirada del FVC, un sangrado
mayor previo a la colocacion del FVC, las complicaciones del FVC y la muerte de los
pacientes se asociaron con un mayor riesgo de no retirada, mientras que la
reintroduccién de la anticoagulacion se asocié con un menor riesgo. Dentro de las
complicaciones asociadas con el FVC, nuestras tasas de trombosis del FVC fueron mas
bajas que las descritas en revisiones previas recientes, lo que puede explicarse en
parte por la alta tasa de reintroduccién de anticoagulacion después de la colocacion
del FVC (84%) y por el tiempo medio relativamente corto de retirada (66,103). En
cuanto a las recurrencias, tal y como se ha mencionado previamente, el mayor riesgo
de recurrencia en forma de TVP tras la colocacion de un FVC se ha descrito
previamente y varia entre el 6 y 35% segun los trabajos publicados (58,60,68,69,104).
En nuestro trabajo encontramos una tasa de recurrencia del 18% (6% en forma de TEP,
10% en forma de TVP y 2% como TEP + TVP), ocurriendo casi la mitad de estos eventos
(48,5%) mientras el FVC estaba aun colocado. Al realizar la comparacién entre grupos,
los pacientes con trombosis de vena cava o vena iliaca en contexto del FVC y aquellos
con mas complicaciones previas relacionadas con el filtro (sobre todo la trombosis del
filtro) tuvieron unas tasas de recurrencia mas elevadas. Finalmente, encontramos una
tasa de mortalidad elevada (40%), siendo los pacientes que murieron de mayor edad y
con mas comorbilidad asociada, poniendo en especial relevancia a aquellos con cancer.

Con todo, las conclusiones de nuestro estudio son que a pesar de que obtuvimos una

130



tasa de retirada superior a las descritas en trabajos anteriores, el cumplimiento de las
directrices actuales en materia de la indicacién de colocacién de los FVC es aun baja,
mientras que las complicaciones derivadas de esta colocaciéon no son despreciables.
Este hecho es de especial preocupacion en los pacientes ancianos, comérbidos y con

cancer, que parecen tener tasas mas bajas de retirada de FVC y una mayor mortalidad.

Dados los hallazgos en este primer estudio, y la escasa informacién publicada hasta la
fecha en referencia a la colocacién de FVC en pacientes con cancer, decidimos realizar
un segundo estudio con nuestra cohorte de 185 pacientes y comparar la adherencia a
las guias de practica clinica, las tasas de retirada y las complicaciones entre los
pacientes con y sin cancer. Del total de pacientes, 89 (48%) tenian cancer. En cuanto a
las caracteristicas basales de los pacientes, tal y como era esperable, vimos que los
pacientes con cancer eran mas mayores, tenian un indice de Charlson mayor (en
contexto de la alta puntuacién en este indice de la presencia de tumores, en especial si
son metastasicos) y tenian un mayor riesgo de sangrado medido por la escala de la
ACCP de 2016 (51). En relacion con las indicaciones de colocacion de los FVC, en los
pacientes con cdncer se colocaron mds FVC con indicacion relativa (sobre todo a
expensas de las recurrencias de ETV pese a una anticoagulacidon correcta) y sin
indicacion (sobre todo en el contexto de colocacién de FVC tras el primer mes del
evento trombdtico) segun las guias revisadas. Este hecho puede deberse a varios
factores. En primer lugar, los pacientes con cancer tienen un estado de
hipercoagulabilidad mayor (debido tanto al propio tumor como a algunos tratamientos
recibidos) que los pacientes sin cancer, por lo que no es de extraiar que en ellos las
recurrencias, incluso con una anticoagulaciéon correcta, sean mayores. Ademads, son
pacientes que no sdlo tienen un riesgo de recurrencia o progresion del trombo mayor,
sino que también tienen un riesgo aumentado de sangrado (por la localizacién del
tumor, las citopenias derivadas de la quimioterapia o las cirugias) que impide, en
muchos casos, el reinicio de la anticoagulacién de forma precoz, haciéndolos mas
susceptibles a intentar buscar tratamientos alternativos. No hubo diferencias entre
grupos en cuanto a las complicaciones derivadas del filtro, pero la tasa de reinicio de la
anticoagulacién fue menor (75% vs 93%) en el grupo de pacientes con cancer mientras

que la tasa de no retirada del FVC fue mayor (67% vs 51%); siendo los principales
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motivos de no retirada la baja expectativa de vida y la mortalidad temprana tras la
colocacién del dispositivo. Nuestros resultados estan en linea con los publicados por
Abtahian et al (105), quienes describieron tasas similares de complicaciones derivadas
del FVC entre pacientes con y sin cdncer, pero con tasas menores de retirada en los
pacientes oncolégicos. Como conclusion, parece que en pacientes con cancer la
insercion de un FVC sin una indicacién clara segln las directrices actuales es mas
frecuente que en los pacientes no oncoldgicos, hecho relevante teniendo en cuenta
gue en estos pacientes las tasas de no retirada y, por consiguiente, el riesgo de
complicaciones, son mas elevadas. En este sentido, un enfoque multidisciplinar y
centrado en cada paciente parece necesario para intentar mejorar la atencién, manejo

y seguimiento de estos pacientes.

Cabe destacar, que estos dos estudios tienen algunas limitaciones y los resultados
deben interpretarse con cautela. En primer lugar, se trata de estudios retrospectivos,
por lo que carecen del rigor de un estudio prospectivo aleatorizado. En segundo lugar,
al tratarse de estudios no intervencionistas, las estrategias de tratamiento y el manejo
de los pacientes estuvieron condicionados por la practica clinica. Por ultimo, se trata
de estudios unicéntricos, por lo que la extrapolacidon de los datos se encuentra mas

limitada.

Para finalizar, el ultimo objetivo de la presente tesis doctoral estaba centrado en
evaluar las tasas de eficacia y seguridad de diferentes dosis de tromboprofilaxis
farmacoldgica (estandar, intermedia y dosis plenas de anticoagulacidn) en pacientes
hospitalizados (no criticos) con SARS-CoV-2, dada la alta prevalencia de eventos
trombéticos y complicaciones, en términos de requerimientos de ingreso en UCI y
muerte, descrita previamente en estudios observaciones retrospectivos. Los resultados
obtenidos de nuestro ensayo clinico multicéntrico PROTHROMCOVID ponen de
manifiesto que no hay diferencias en términos de eficacia ni seguridad entre las
diferentes dosis de tratamiento anticoagulante, concluyendo que dosis mas altas de
tromboprofilaxis que las estandar, a pesar de no conllevar un aumento significativo en
el nimero de sangrados, no estdn asociadas con un descenso del riesgo de eventos
trombaticos, necesidad de ventilacidn mecanica no invasiva ni muerte en estos

pacientes. Estos resultados estan en linea con los publicados en otros ensayos clinicos:
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el ensayo ACTION (106), realizado al final de la primera y segunda ola de la pandemia,
incluyd a 614 pacientes y no detectd ningln beneficio en términos de eficacia (medida
como un aumento de la supervivencia o menor tiempo de hospitalizacién) entre
individuos tratados con dosis plenas de Enoxaparina o Rivaroxaban en comparacion
con aquellos que recibieron dosis profilacticas estandar de HBPM; aunque si que
objetivd un aumento en el nimero de sangrados en los pacientes con dosis plenas. De
igual forma, el ensayo RAPID (107), que incluyd 465 pacientes, no encontrd diferencias
significativas en términos de eficacia (medida con el criterio combinado de muerte,
requerimientos de ventilacion mecdanica o ingreso en UCI) ni seguridad entre
estrategias terapéuticas o profilacticas en pacientes no criticos ingresados. Por ultimo,
el ensayo COVID-19 y dosis de anticoagulaciéon (COVI-DOSE) aleatorizé a 1005
pacientes hospitalizados con SARS-CoV-2 (80,1% enfermos no criticos y 19,9%
enfermos criticos) a una dosis intermedia de HBPM ajustada por peso o a una dosis fija
de tromboprofilaxis. Pese a que la tasa de ETV sintomatica fue menor de lo esperado
(1,2% en el grupo de dosis intermedia frente al 2,1% en el grupo de dosis profilacticas),
no hubo diferencias estadisticamente significativas entre grupos en cuanto a los
eventos trombéticos, pero si que hubo un aumento significativo en el sangrado mayor

en el grupo de dosis intermedia de HBPM (108).

Por el contrario, los resultados de los ensayos colaborativos multiplataforma REMAP-
CAP, ACTIV-4a y ATTAC respaldan una estrategia temprana de dosis completas de
anticoagulacion versus dosis estandar de tromboprofilaxis en pacientes ingresados no
criticos, al encontrar en los pacientes tratados con dosis plenas un aumento en los dias
sin necesidad de soporte de érganos y un aumento de supervivencia sin necesidad de
soporte de drganos a los 28 dias. Sin embargo, a pesar de ser el ensayo clinico que ha
incluido un mayor numero de pacientes (2.219 pacientes incluidos), apenas se alcanzé
la significacidon estadistica y no hubo diferencias en otras comparaciones de grupo,
incluida la trombosis, la supervivencia hasta el alta hospitalaria y el sangrado. Ademas,
el porcentaje de pacientes que recibieron dosis intermedias en el grupo catalogado
como dosis profilacticas fue alto (26%), lo que puede haber sesgado los resultados
(109). En el ensayo clinico HEP-COVID (110), donde se comparaban pacientes con dosis

plenas versus profildcticas o intermedias se objetivd en descenso en el objetivo
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primario del estudio (que incluia eventos trombdticos y muerte) en los pacientes
ingresados no criticos con dosis plenas de anticoagulacidon. En este sentido, cabe
destacar que este ensayo clinico se realizd6 en mayo de 2020, durante la primera ola,
donde habia un mayor porcentaje de eventos (trombosis y mortalidad), dada la mayor
gravedad de los pacientes ante la ausencia de vacunacidn y opciones terapéuticas. De
hecho, el reclutamiento de PROTHROMCOVID se inicié en febrero de 2021, en plena
tercera ola de la pandemia en Espaiia, y finalizd en la quinta ola, momento en que ya
se habia iniciado la vacunacién. Por tanto, el perfil de pacientes incluidos en nuestro
estudio es mas parecido al tipo de pacientes actuales que a los pacientes incluidos en
los ensayos realizados mas al inicio de la pandemia. El ensayo FREEDOM (111)
aleatorizé a 3.398 pacientes no criticos hospitalizados con COVID-19 entre 2020 y
2022, a Enoxaparina en dosis profilactica (40 mg una vez al dia), Enoxaparina en dosis
terapéutica (1 mg/kg dos veces al dia), o Apixaban en dosis terapéuticas (5 mg dos
veces al dia). El objetivo primario fue un compuesto de mortalidad por todas las
causas, requerimiento de ingreso en UCI, tromboembolismo o accidente
cerebrovascular isquémico a los 30 dias de ingreso. No hubo diferencias significativas
en el objetivo primario entre los grupos de tratamiento, pero en los pacientes tratados
con dosis plenas versus dosis profilacticas la tasa de mortalidad y de requerimientos de
ventilacion mecdnica invasiva fueron menores. Los sangrados mayores fueron
infrecuentes en los 3 grupos. Por ultimo, un metaanalisis reciente, publicado en 2023,
donde se incluyeron 6 ensayos clinicos de calidad, con un total de 3.397 pacientes
hospitalizados no criticos con SARS-CoV-2 encontrd que la anticoagulacién en dosis
terapéuticas con HNF o HBPM, en comparacion con dosis profilacticas o intermedias,
redujo la mortalidad por todas las causas y el tromboembolismo, sin un impacto

significativo en los sangrados mayores (112).

Con la evidencia generada hasta la fecha, actualmente las Guias de la ISTH
(International Society of Thrombosis and Haemostasis) de 2023 y las del National
Institutes of Health (NIH) recomiendan el uso de HBPM a dosis profilacticas en los
pacientes hospitalizados con SARS-CoV-2 no grave, pudiéndose beneficiar de dosis
plenas pacientes con requerimientos de oxigeno, niveles elevados de dimero-D y bajo

riesgo de sangrado (113,114).
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A modo de corolario de esta Tesis Doctoral, debemos destacar que la ETV es una
patologia compleja y multifactorial, en la que se debe intentar valorar de la forma mas
objetiva posible el riesgo de recurrencia y de sangrado de cada paciente, asi como la
gravedad de estos eventos, con el fin de intentar optimizar la duracién del tratamiento
anticoagulante. Entre los factores de riesgo de recurrencia implicados, la forma clinica
de presentacidn inicial de la ETV juega un papel importante, ya que esta implicada en
el prondstico: los pacientes que recurren en forma de TEP tienen una mortalidad a
corto plazo mayor que los pacientes que recurren como TVP. Este hecho pone en
relevancia la necesidad de identificar, por separado, los factores de riesgo asociados a
las recurrencias en forma de TEP y TVP que, tal y como hemos descrito en la presente
Tesis Doctoral, difieren. En esta linea, hemos descrito que la edad avanzada, que se ha
asociado frecuentemente con un aumento del riesgo de ETV y de sangrado, no parece
aumentar el riesgo de recurrencia por si misma, por lo que suspender la
anticoagulacion tras 3-6 meses de tratamiento en estos pacientes parece una actitud
segura. En cuanto a los factores de riesgo de recurrencia derivados del tratamiento de
la ETV, hemos descrito que, los FVC (especialmente si no se retiran de forma precoz),
estan asociados con un mayor riesgo de complicaciones (entre las que se encuentran
las trombosis del filtro y las recurrencias), sobre todo en personas de edad avanzada,
comorbidas y con cancer. Para finalizar, nuestro ultimo trabajo pone de manifiesto que
el uso de dosis de tromboprofilaxis mds altas de las habituales, en pacientes
ingresados no graves con infeccion por SARS-CoV-2, a pesar de no aumentar el riesgo
de sangrado, no representa ningun beneficio en términos de eficacia en estos

pacientes.
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6. CONCLUSIONES
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Tras la suspension del tratamiento anticoagulante en pacientes con un primer
episodio de trombosis no provocada, las recurrencias son mas frecuentes que los
sangrados mayores, pero la tasa de letalidad a los 10 dias de estos eventos es
mucho mds elevada en los pacientes con un sangrado mayor que en los pacientes
con recurrencias.

Los factores predictores de recurrencia de tromboembolismo pulmonar vy
trombosis venosa profunda en pacientes con trombosis no provocadas son
diferentes: la presentacion inicial como tromboembolismo pulmonar y la demencia
aumentan el riesgo de recurrencia en forma de tromboembolismo pulmonar;
mientras que la presentacion inicial como trombosis venosa profunda, la depresién
y el uso concomitante de corticoesteroides aumentan el riesgo de recurrencia en
forma de trombosis venosa profunda.

La edad avanzada, la enfermedad inflamatoria intestinal y la anemia se asocian con
un mayor riesgo de sangrado mayor tras la suspension del tratamiento
anticoagulante en pacientes con trombosis no provocada.

Al suspender el tratamiento anticoagulante tras un primer episodio de trombosis,
los pacientes de edad avanzada no presentan un riesgo aumentado de recurrencia,
pero si de sangrado mayor, en comparacion con los pacientes mas jévenes.

El cumplimiento de las directrices actuales en relaciéon con la indicacién de
colocacién de los filtros de vena cava, y la tasa de retirada de los mismos, es aln
baja, mientras que las complicaciones no son despreciables. Este hecho es de
especial importancia en los pacientes ancianos, con comorbilidad y en los
pacientes oncolégicos, que tienen tasas mas bajas de retirada y una mayor
mortalidad.

En pacientes hospitalizados con infeccién moderada por SARS-CoV-2, dosis mas
altas de tromboprofilaxis que las estandar, no incrementan significativamente el
riesgo de sangrado, pero tampoco estan asociadas con un descenso del riesgo de

eventos trombaticos, necesidad de ventilacion mecanica no invasiva ni muerte.
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