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Prosthetic Heart Valve Thrombosis

George D. Dangas, MD, PHD,a Jeffrey I. Weitz, MD,b Gennaro Giustino, MD,a Raj Makkar, MD,c Roxana Mehran, MDa
ABSTRACT
Although surgery was the mainstay of treatment for valvular heart disease, transcatheter valve therapies have grown

exponentially over the past decade. Two types of artificial heart valve exist: mechanical heart valves (MHV), which are

implanted surgically, and bioprosthetic heart valves (BHV), which can be implanted via a surgical or transcatheter

approach. Whereas long-term anticoagulation is required to prevent thromboembolism after MHV replacement, its value

in patients receiving BHVs is uncertain. Patients undergoing transcatheter BHV replacement are at risk for thrombo-

embolism in the first few months, and recent data suggest that the risk continues thereafter. BHV thrombosis provides a

substrate for subsequent thromboembolism and may identify a reversible cause of prosthesis dysfunction. Hereafter, the

authors: 1) review the data on prosthetic valve thrombosis; 2) discuss the pathophysiological mechanisms that may lead

to valve thrombus formation; and 3) provide perspective on the implications of these findings in the era of transcatheter

valve replacement. (J Am Coll Cardiol 2016;68:2670–89) © 2016 by the American College of Cardiology Foundation.
PROSTHETIC HEART VALVE THROMBOSIS:

BACKGROUND AND DEFINITIONS

Valvular heart disease affects more than 100 million
persons worldwide, and is associated with significant
morbidity and mortality (1). In the last 50 years, the
epidemiology of valvular disorders has drastically
changed, with a marked reduction in the incidence
and prevalence of rheumatic heart disease and a
substantial increase in the prevalence of degenerative
valve diseases. Currently, the overall age-adjusted
prevalence of mitral or aortic valvular heart disease
is estimated to be 2.5% in the general population of
the United States, with a prevalence exceeding 10% in
subjects over 75 years of age (1). Given the aging of
the population worldwide, the prevalence of such
pathologies is expected to rise exponentially (1).

Surgical valve replacement (or repair of mitral
valves) is currently the standard of care for treatment
of valvular heart disease in patients at low and inter-
mediate risk for surgery (2). However, in the last
10 years, a proliferation of transcatheter technologies
now offers alternatives to surgery, especially in
patients at high or prohibitive risk. Transcatheter valve
therapies for aortic stenosis and mitral regurgitation
are currently an established treatment option in pa-
tients not suitable for conventional surgical treatment
(2), or of at least intermediate risk for aortic surgery.

On the basis of the leaflet material, 2 different types
of surgical prosthetic heart valves exist (Figure 1):
mechanical and biological (3). Mechanical heart valves
(MHVs) are more thrombogenic, yet more durable.
These valves have evolved from the early caged ball
and tilting disc design to the contemporary bileaflet
valves mounted on a Teflon- or Dacron-covered
sewing ring (3). Bioprosthetic heart valves (BHVs) are
less thrombogenic than MHV and exhibit more natural
hemodynamic properties, but are less durable (3).
Surgical BHVs are either of porcine origin or are syn-
thesized from a sheet of bovine pericardium that is
mounted on a frame or stent and covered by fabric,
which serves as a sewing ring (3). Stentless BHVs have
also been developed; these provide greater effective
orifice areas and lower transprosthetic gradients than
stented prosthetic valves (PVs) (3). Conversely, all of
the transcatheter aortic and mitral PVs consist of a
porcine or bovine pericardial tissue trileaflet mounted
on a self-expandable or balloon-expandable metallic
frame (4). Initial forms of these valves included
equine tissue leaflets.

All foreign bodies (including PVs) implanted within
the human cardiovascular system are thrombogenic,
potentially implying the need for short- or long-term
anticoagulation to prevent thrombosis, which can
lead to disabling or fatal stroke. PV thrombosis is a
pathological entity characterized by thrombus for-
mation on the prosthetic structures, with subsequent
PV dysfunction with or without thromboembolism
(TE) (5). PV dysfunction is a complication of me-
chanical or biological prostheses, which can cause
reduced leaflet motion or impaired leaflet coaptation,
leaflet thickening, reduced or increased effective
prosthesis orifice area (leading to either stenosis or
insufficiency as the primary valve defect, respec-
tively), increased transvalvular gradient or trans-
valvular regurgitation, with or without development
of valve-related symptoms (6,7). At least 4 main eti-
ologies may account for PV dysfunction: 1) PV
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thrombosis; 2) fibrotic pannus ingrowth; 3)
PV degeneration; and 4) PV endocarditis with
vegetation formation (6,7). These patholog-
ical entities may occur simultaneously, and a
component of thrombus formation is often
observed in concert with fibrotic pannus
ingrowth, PV degeneration, or PV endo-
carditis (8). However, determination of the
main etiology of PV dysfunction is crucial
because the treatment differs for each of
these conditions.

The type of PV, its anatomical location and
patient-specific risks of TE and bleeding risks
influence the specific intensity and duration
of antithrombotic treatment to prevent PV
thrombosis with subsequent PV dysfunction
and/or TE (2). Recent data from computed
tomography imaging studies suggest that
reduced leaflet motion and leaflet thickening after
BHV implantation are relatively common phenomena
that might be associated with an increased risk of
stroke (9). Of note, reduced leaflet motion more
commonly occurs in patients not receiving oral anti-
coagulants, and therapeutic anticoagulation is asso-
ciated with resolution of reduced leaflet motion and
hypoattenuated leaflet thickening, supporting a
thrombotic origin (9,10). Given the exponential rise in
transcatheter valve replacement and repair therapies,
it is important to identify the optimal antithrombotic
therapies/strategies to prevent PV thrombosis.
Therefore, we set out to review the incidence,
mechanisms, and clinical implications of PV throm-
bosis in the surgical era, and to translate this infor-
mation to provide perspective on optimal long-term
antithrombotic management in the era of trans-
catheter valve therapies.

SEARCH STRATEGY

We searched MEDLINE (from inception to April 2016)
for papers using the search terms prosthesis or
valve in combination with the terms thrombosis,
dysfunction, fibrosis, thromboembolism, stroke, or
complications. We mostly selected papers published
between January 1, 2010, and April 2016, but did not
exclude commonly referenced and highly regarded
articles published before 2010. We also searched the
reference lists of articles identified by this search
strategy, and included those judged to be relevant.

PROSTHETIC HEART VALVE THROMBOSIS:

INCIDENCE

SURGICAL PVs. The reported rates of PV thrombosis
are highly variable and most likely underestimate the
true incidence of this phenomenon because valve
imaging is not performed routinely, and even if the
valve is imaged, the technique may be suboptimal. A
distinction should also be made between accumula-
tion of small amounts of mural thrombus on the
leaflets early after in vivo implantation, which may
resolve with ensuing endothelialization, and pro-
gressive thrombosis on the leaflets, which may have
hemodynamic or clinical consequences. Current
American College of Cardiology (ACC)/American
Heart Association (AHA) guidelines assign a Class I
recommendation to transthoracic echocardiography
or transesophageal echocardiography imaging in pa-
tients with PV only in the presence of clinical symp-
toms or signs of valve dysfunction. Conversely, in the
absence of a change in clinical status, annual trans-
thoracic echocardiography or transesophageal echo-
cardiography imaging surveillance is only
recommended starting 10 years after PV implantation
(Class IIa recommendation). However, most PV
thrombosis occurs/commences within months or a
year after the index procedure (3,8,11).

The risk of PV thrombosis and TE events is higher
with MHVs than with BHVs, higher for PVs implanted
in the mitral position versus the aortic position, and
higher for right-sided PVs than left-sided PVs (5). The
annual rate of PV thrombosis with MHVs ranges from
0.1% to 5.7%, with higher rates observed with specific
valve types, in the early perioperative period, with
MHVs implanted in the mitral and tricuspid position,
and in association with subtherapeutic anti-
coagulation (12). When considered in terms of MHV
obstruction, the annual incidence ranges from 0.5%
to 6.0% (12). In patients with MHVs, TE, which may or
may not originate from the prosthesis, has an esti-
mated annual incidence of 2.5% to 3.7% (12). Fibrotic
pannus ingrowth with MHVs, manifesting as PV
dysfunction, occurs with an estimated annual inci-
dence of 0.2% to 4.5% (12). The reported incidence is
influenced by the intensity and timing of serial
imaging follow-up, and it is likely that many cases of
thrombus formation remain undetected. In fact, in a
study that included 680 consecutive patients under-
going mechanical mitral valve replacement, routine
transesophageal echocardiography performed at day 9
identified thrombus in 64 patients (9.4%). Of these
patients, 2 underwent early surgical intervention,
whereas the others were managed with anticoagulant
therapy. Outcomes varied depending on thrombus
size; patients whose thrombus had a maximum size$5
mm had a significantly higher risk of TE, including
stroke, than those with smaller thrombi (13).

In patients with BHVs, a meta-analysis that
included 5,837 patients with a total follow-up of



FIGURE 1 Surgical and Transcatheter Prosthetic Heart Valve Examples
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Evolution of surgical and transcatheter prosthetic heart valves.
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31,874 patient-years reported annual rates of PV
thrombosis and TE of 0.03% and 0.38%, respectively
(2,14). In a recent single-center study that included
397 consecutive explanted BHVs, PV thrombosis was
identified in 46 valves (11.6%). Of these, 29 were
aortic (10.9%), 9 were mitral (12.7%), 7 were tricuspid
(12.1%), and 1 was pulmonic. On the basis of the total
number of valves implanted during the study inter-
val, the estimated annual incidence of PV thrombosis
was 0.74%, with the highest annual incidence
observed with BHVs implanted in the tricuspid posi-
tion (1.00%) (2). The type of surgical BHV also appears
to influence the risk of PV thrombosis; thus, the risk of
thrombosis is higher with stented porcine BHVs than
with stentless BHVs (15). The risk of PV thrombosis in
these patients is highest in the first 3 months after
implantation, and absence of therapeutic anti-
coagulation is reported to be an independent predictor
of TE with both surgically implanted MHVs and BHVs
(16,17). However, there is evidence that the risk of BHV
thrombosis may persist beyond 1 year after valve im-
plantation, which underscores the importance of serial
imaging follow-up, and a careful evaluation of the
risks and benefits of long-term anticoagulation (18).

TRANSCATHETER PVs. The incidence of overt PV
thrombosis and TE after transcatheter aortic valve
replacement (TAVR) is uncertain. There were no cases
of PV thrombosis in the PARTNER (Placement of
Aortic Transcatheter Valves) and CoreValve trials
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(19–21), and only a single case of PV thrombosis was
reported in the 130 TAVR patients enrolled in the
PARTNER EU registry. In 4,266 patients undergoing
TAVR in 12 centers between January 2008 and
September 2013, Latib et al. (22) reported 26 cases of
PV thrombosis (0.61%) within a median of 181 days
(interquartile range: 45 to 313 days) of implantation.
The risk of TE and PV thrombosis after TAVR is
highest in the first 3 months after valve replacement;
the risk thereafter appears to decrease to match that
in the general population (23). This early timeframe
largely coincides with that observed with surgical
BHVs, and currently, an initial 3- to 6-month course of
oral anticoagulation therapy is generally recom-
mended for patients with surgically implanted BHVs
(2,24,25). In fact, histopathological studies with the
CoreValve system suggest that physiological neo-
intimal tissue proliferation and device endotheliali-
zation are completed approximately 3 months after
the index procedure (26–30). With surgical MHVs or
BHVs and with transcatheter BHVs, the incidence of
thrombus formation with or without PV dysfunction
is likely influenced by the intensity and timing of
screening. Analysis of computed tomography imaging
data, obtained at a median of 32 days after valve
replacement in 55 patients enrolled in the PORTICO
IDE trial (Portico Re-sheathable Transcatheter Aortic
Valve System US IDE Trial), identified reduced leaflet
motion in 40%. In 132 patients undergoing trans-
catheter or surgical BHV implantation enrolled in the
SAVORY (Subclinical Aortic Valve Bioprosthesis
Thrombosis Assessed With 4D CT) or RESOLVE
(Assessment of Transcatheter and Surgical Aortic
Bioprosthetic Valve Thrombosis and Its Treatment
with Anticoagulation) registries (9), computed to-
mography imaging performed within 3 months iden-
tified reduced leaflet motion in 13% of patients,
including 14% with transcatheter BHVs and 7% with
surgical BHVs (9). In both patient populations, the
prevalence of reduced leaflet motion was lower in
patients already on anticoagulants, and initiation of
therapeutic anticoagulation was associated with res-
olution of reduced leaflet motion at follow-up, sup-
porting the concept that reduced leaflet motion
reflects thrombosis (9). Of concern, in the pooled
registries, the risk of stroke or transient ischemic
attack was higher in those with reduced leaflet mo-
tion than in those without (9). The study of Pache
et al. (10) supports this concept; these investigators
followed 156 consecutive patients who underwent
TAVR with the SAPIEN 3 (Edwards Lifesciences,
Irvine, California). Multidetector computed tomog-
raphy scanning performed at a median of 5 days after
the procedure revealed leaflet thickening with
hypoattenuation in 16 patients (10.3%). Although
these patients were asymptomatic, they had higher
mean transvalvular gradients, and therapeutic anti-
coagulation resulted in complete resolution of the
leaflet thickening. Patients with leaflet thickening
were less frequently taking dual antiplatelet therapy
(DAPT) than those without this finding (37.5% and
50%, respectively), but this difference did not reach
statistical significance (10). Leetmaa et al. (26) re-
ported similar findings. Recently, Hansson et al. (27)
investigated the incidence and predictors of PV
thrombosis in patients undergoing TAVR with
balloon-expandable valves (the Edwards Sapien XT or
Sapien 3 valves). Patients received transthoracic or
transesophageal echocardiography and multidetector
computed tomography to screen for PV thrombosis at
1 to 3 months. PV thrombosis verified with multi-
detector computed tomography was present in 7% of
patients. Of these, 18% had clinically overt PV
thrombosis, and the remainder had subclinical PV
thrombosis. By multivariable analysis, the 2 inde-
pendent predictors of PV thrombosis were lack of
post-TAVR warfarin treatment and larger PV size (27).

PROSTHETIC HEART VALVE THROMBOSIS:

MECHANISMS

PV thrombosis with or without PV dysfunction is a
complex multifactorial phenomenon. According to
the principles of Virchow’s triad (28), the 3 main
mechanisms of endovascular thrombus formation
involve surface-, hemodynamic-, and hemostasis-
related factors (Figure 2).

SURFACE FACTORS. In contrast to the healthy
endothelium, which actively resists thrombosis, arti-
ficial surfaces promote clotting through a complex
series of interconnected processes that include pro-
tein adsorption; adhesion of platelets, leukocytes,
and red blood cells; thrombin generation; and com-
plement activation. Rapid surface adsorption of
plasma proteins is thought to be the initiating event
in thrombus formation because the protein layer
modulates subsequent reactions. Fibrinogen is one of
the first plasma proteins to deposit on artificial sur-
faces. Other adhesive proteins, including fibronectin
and von Willebrand factor, also adsorb to the surface
and, together with fibrinogen, mediate platelet
adhesion. The adherent platelets become activated
and release adenosine diphosphate, thromboxane A2,
and other agonists, which recruit additional platelets
to the surface. Adsorbed fibrinogen is soon replaced
with components of the contact system, including
factor (f) XII, high-molecular-weight kininogen, pre-
kallikrein, and fXI (29). Activation of bound fXII not



FIGURE 2 Mechanisms of Prosthetic Valve Thrombosis

Surface Factors

Hemostatic Factors

Hyper-coagulable
state*
Significant tissue injury
Heparin-induced
thrombocytopenia
Suboptimal anticoagulation†
Platelet reactivity

Low cardiac output
Prosthesis malpositioning
Anatomical prosthesis
position
Prosthetic hemodynamic
profile
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Relative
Contribution to
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endothelialization
Leaflet damage
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Stent fracture
Prosthesis malpositioning
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*Primary hypercoagulable states include factor V Leiden, prothrombin gene mutation, and deficiency of antithrombin, protein C, or protein S.

Secondary hypercoagulable states include atrial fibrillation, malignancy, disseminated intravascular coagulation, antiphospholipid syndrome,

cardiomyopathy, nephrotic syndrome, high estrogen hormonal states, sickle cell anemia, and smoking (among others). †Suboptimal

anticoagulation in patients with mechanical prosthesis or surgical bioprosthesis in the early period (<3 months).
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only triggers thrombin generation via the intrinsic
pathway of coagulation, but also induces complement
activation. With crosstalk between the complement
and coagulation pathways, complement activation
amplifies thrombin generation, resulting in the for-
mation of a platelet–fibrin network on the prosthetic
surface. After approximately 3 months, the fibrin coat
is replaced by a neointima composed of smooth
muscle cells, elastic extracellular matrix, and endo-
thelial cells (30). Over time, the neointimal layer
matures and becomes more fibrotic. Whereas the
sewing ring of a surgical BHV limits neointimal in-
vasion of the leaflets, the leaflets of transcatheter
heart valves may be more prone to neointimal
coverage and/or pannus formation because these
valves lack a sewing ring. Enhanced endothelization
and pannus formation may reduce leaflet motion (30).
With transcatheter valves, the native valve leaflets,
which are displaced outwards by the stent platform of
the new valve, may also trigger thrombosis because
stenotic native aortic valve leaflets are rich in tissue
factor (31).

HEMODYNAMIC FACTORS. Hemodynamic factors
include the host cardiocirculatory hemodynamic sta-
tus and the intrinsic hemodynamic characteristics of
the prosthesis. Turbulence contributes to neointimal
injury or dysfunction, and produces low shear stress
conditions, whereas stasis increases blood coagula-
bility (28). Low cardiac output is a predictor of PV
thrombosis and reduced leaflet motion with
thrombus formation (9,32). Low output states pro-
mote hypercoagulability by reducing the washout and
dilution of activated clotting factors, and limiting the
inflow of inhibitors in the vicinity of the valve (33).
Conversely, regional turbulence disrupts laminar flow
and promotes platelet adhesion to the valve surface.
Turbulence may also delay endothelialization and
induce a prothrombotic phenotype, a mechanism that
appears to be more important for MPVs and that may
particularly affect malpositioned surgical or trans-
catheter BPVs (5). In particular, incompletely apposed
transcatheter heart valves may create areas of stasis
between the metallic frame and host tissues that may
promote local thrombus formation (34) and delay
endothelialization (34). The importance of hemody-
namic factors in the pathogenesis of PV thrombosis is
evident from the difference in the risk of thrombosis
depending on the anatomic position of the prosthesis
(Figure 3). Thus, PV thrombosis has been reported
nearly 20 times more frequently with the tricuspid
valve than with the mitral valve, reflecting the slower



FIGURE 3 Pathophysiological Factors Involved in Prosthetic Valve Thrombosis by Anatomic Location

Potential mechanism of prosthetic valve thrombus by anatomical location

Right-sided heart valves
Clotting pathway > platelet pathway

Left-sided heart valves
platelet pathway > clotting pathway

TRICUSPID VALVE
1. Hemodynamic factors
•     Slow venous blood flow
      (especially if concomitant
      pulmonary hypertension
      with low RV output).

2. Hemostatic factors
•     Hypercoagulability
•     Tissue injury

3. Surface factors
•     Incomplete prosthesis
      endothelialization.
•     Prosthesis malpositioning

PULMONIC VALVE
1. Hemodynamic factors
•     Slow venous blood flow
      (especially if concomitant
      pulmonary hypertension
      with low RV output).

2. Hemostatic factors
•     Hypercoagulability

3. Surface factors
•     Valve frame fracture

AORTIC VALVE
1. Surface factors
•     Incomplete prosthesis
       endothelialization.
•     Prosthesis malpositioning

2. Hemostatic factors
•     Tissue injury
•     Prosthesis malpositioning

3. Hemodynamic factors
•     Local blood flow turbulences
•     Incomplete apposition

MITRAL VALVE
1. Hemodynamic factors
•    Relatively slow blood flow
      in case of AF, atrial dilation
      or low LV output.
•    Local blood flow turbulences
•    Incomplete apposition

2. Hemostatic factors
•    Tissue injury

3. Surface factors
•     Incomplete prosthesis
      endothelialization.
•     Prosthesis malpositioning
•     Leaflet injury

Numbered bullet points underscore each mechanism by anatomic location. AF ¼ atrial fibrillation; LV ¼ left ventricular; RV ¼ right ventricular.
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flow in the right-sided cardiac chambers (5). Likewise,
mitral PV thrombosis is 2 to 3 times more frequent
than aortic PV thrombosis (5).
HEMOSTATIC FACTORS. Primary or secondary hy-
percoagulability is a less frequent mechanism in PV
thrombosis, but may be an important contributor in
high-risk patients, such as those undergoing trans-
catheter therapies. Acquired causes of hypercoagu-
lability include comorbidities such as chronic kidney
disease, anemia, smoking, and obesity. In addition,
local tissue injury during surgical (excessive tissue
manipulation) or transcatheter (aggressive pre- or
post-dilation, excessive catheter manipulation) valve
replacement may expose tissue factor to the blood,
thereby inducing local activation of the extrinsic
coagulation pathway (31,35). This mechanism may be
particularly relevant with severely degenerated
native valves (both aortic and mitral), which demon-
strate increased tissue factor expression on the
endothelial surface (31,35). Because the native
diseased valve is not removed, this tissue factor may
be responsible for short- to mid-term local thrombo-
genicity, even after a successful procedure (31,35).
PV thrombosis is usually a subacute or chronic
process, rather than an acute phenomenon. Patho-
logical studies suggest that fresh thrombi are less
common, and that the main pathological entity is
characterized by organized thrombus with multiple
clot layers (34,36). Moreover, several studies suggest
that thrombosis occurs in conjunction with other
mechanisms of PV dysfunction, such as fibrotic pan-
nus ingrowth, structural degeneration, and vegeta-
tion in the context of prosthetic valve endocarditis
(3,5,8,9). Pannus ingrowth represents a distinct
mechanism of PV dysfunction, but can occur in
conjunction with thrombus formation (6). Fibrotic
pannus ingrowth can be defined as an exaggerated
biological reaction to the implanted foreign body,
characterized by fibroblast proliferation and extra-
cellular matrix deposition over the prosthetic leaflets,
which leads to reduced leaflet motion and manifests
clinically with PV dysfunction (6,7). As it is fibrotic in
nature, pannus is generally unaffected by routine
anticoagulation (6,7). However, a thrombus layer can
form either as a consequence of the pannus or in
conjunction with it (6,7). Bioprosthetic degeneration,



FIGURE 4 Clinical Course of Prosthetic Valve Obstruction Due to Thrombosis, Pannus

Formation, Degeneration, or Endocarditis

Potential pathophysiological pathways of prosthetic valve dysfunction
leading to thromboembolic events

Prosthetic
Valve

Dysfunction

Prosthetic Valve
Pannus Formation

Prosthetic Valve
Deterioration*

Prosthetic Valve
Thrombosis

Prosthetic Valve
Endocarditis

Subclinical valve dysfunction
• No clinical symptoms
• Increase in echo gradients
• Valve insufficiency

Clinically overt valve dysfunction
• New-onset heart failure symptoms
• Severe increase in echo gradients
• Severe valve insufficiency

Cerebrovascular or
systemic embolism

*Septic shock for prosthetic valve endocarditis or cardiogenic shock for other type of

prosthetic valve obstruction. †Defined as an increase in mean gradient or reduction in

effective orifice area compared with reference values, if valve type and size are known

(see text for further assessment of PV obstruction).
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another mechanism of PV failure, is influenced by
host-related factors (younger age, ejection fraction,
hypertension, chronic kidney disease, smoking, dia-
betes, hypercholesterolemia, among others) and
valve-related factors (type of valve, correct implan-
tation), and is characterized by structural degenera-
tion with calcium crystal formation, immunological
reaction, and in-leaflet atherosclerosis with infiltra-
tion of oxidized low-density lipoproteins and foam
cell formation (37). The exact mechanisms, timing,
and the degree of overlap among these mechanisms
of PV dysfunction are currently unclear, and PV
thrombosis, fibrotic pannus ingrowth and prosthesis
degeneration may, in fact, reflect a continuum of the
same pathological process, with subclinical thrombus
deposition occurring earlier and fibrotic organization
occurring later in time (38).

PROSTHETIC HEART VALVE THROMBOSIS:

CLINICAL PRESENTATION AND IMAGING

Certain degrees of thrombosis are commonly
observed in patients with fibrotic pannus ingrowth,
prosthesis degeneration, or prosthesis endocarditis
(6). Patients with PV dysfunction with or without
thrombosis may present with progressive dyspnea
and signs of heart failure or systemic embolization.
Alternatively, PV thrombosis may be an incidental
finding at the time of echocardiographic follow-up
(Figure 4) (3,5,6,30). PV dysfunction should be sus-
pected in patients with symptoms of acute or sub-
acute onset associated with an increase in
transprosthetic gradient compared with the last
echocardiographic follow-up (3,5,6,30). PV throm-
bosis may or may not be associated with subsequent
TE. Although arterial TE after surgical or trans-
catheter heart valve replacement should be consid-
ered prosthesis-related until proven otherwise, it
may also arise from left-sided aortic or mitral valve
thrombus, bacterial leaflet vegetation, or from left
atrial thrombus, particularly in patients with atrial
fibrillation (AF) (6,31,39). Arterial TE manifests with
signs and symptoms related to the arterial territory
occluded by the embolism, including stroke or tran-
sient ischemic attack, acute peripheral ischemia,
acute mesenteric ischemia, or acute ischemic kidney
injury (11). Right-sided TE may arise from pulmonary
or tricuspid valve thrombus or vegetation, and can
cause pulmonary embolism or paradoxical systemic
embolism in patients with septal defects, patent fo-
ramen ovale, or other right-to-left shunts. Similar
clinical and imaging features characterize PV
thrombosis after TAVR. In the report from Latib et al.
(22), PV thrombosis post-TAVR most commonly pre-
sented as progressive dyspnea with elevated trans-
valvular gradient and thickened leaflets or
thrombotic apposition on the leaflets.

Regardless of the anatomic location of the pros-
thesis, the first-line imaging test for PV dysfunction is
transthoracic echocardiography (6,11). Although
transthoracic echocardiography is helpful for evalu-
ating prosthetic valve hemodynamics and valve
motion, the test is limited for morphological charac-
terization of the etiology of PV dysfunction. Acoustic
shadowing caused by the prosthesis may limit visual-
ization of thrombus, vegetations, and pannus (6,11).
Moreover, the diagnostic accuracy of transthoracic
echocardiography is influenced by other factors, such
as the presence of pericardial effusion, emphysema,
obesity, or prior sternotomy (11). Therefore, after
initial screening with transthoracic echocardio-
graphy, transesophageal echocardiography should be
considered to better evaluate the pathological sub-
strate of PV dysfunction. In particular, trans-
esophageal echocardiography should always be
performed if the transthoracic echocardiography is
technically suboptimal, if the findings are not defini-
tive, or if there is strong clinical suspicion of PV
dysfunction. Transesophageal echocardiography is
superior to transthoracic echocardiography for evalu-
ating PV dysfunction, regardless of the valve type



TABLE 1 Pathological, Clinical, and Imaging Characteristics of Prosthetic Valve

Thrombosis Versus Fibrotic Pannus Ingrowth

PV Thrombosis Fibrotic Pannus Ingrowth

Pathogenesis Platelet aggregation and deposi-
tion, thrombin generation
and clot formation

Thrombin generation and fibrin
deposition

Fibroblast proliferation,
collagen deposition, and
neoangiogenesis

Clinical
features

Shorter time from valve replace-
ment to valve dysfunction
(weeks to months)

Sudden onset of symptoms or
subclinical

More commonly associated with
suboptimal anticoagulation

Longer time from valve
replacement to valve
dysfunction (months to years)

Progressive onset of symptoms or
subclinical

Less commonly associated with
suboptimal anticoagulation

Imaging Higher total mass volume and
area

Higher lesion density
More commonly located on the

atrial side for mitral pros-
theses and on the aortic side
for aortic prostheses

Greater leaflet motion restriction

Lower total mass volume and
area

Lower lesion density
More commonly located on the

ventricular side for both mitral
and aortic prostheses

Less leaflet motion restriction
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(MHV or BHV), but the diagnostic accuracy of trans-
esophageal echocardiography over transthoracic
echocardiography is greater with MHVs than with
BHVs (11). Moreover, 3-dimensional transesophageal
echocardiography can identify valve pannus over-
growth or vegetations (6,11). Vegetations due to PV
endocarditis present as irregularly shaped mobile
masses with low echogenicity. Like thrombi, vegeta-
tions tend to start in the valve ring area and then
spread to the leaflets, leading to valve coaptation de-
fects. It may be difficult to differentiate between
vegetations and thrombosis on imaging, so both
should be considered in the clinical context (such as
the Duke clinical criteria for endocarditis, which are
the diagnostic criteria of choice) (40).

Although transesophageal echocardiography is
superior to transthoracic echocardiography for iden-
tifying the mechanism of PV degeneration, even
transesophageal echocardiography cannot reliably
discriminate between PV thrombosis and fibrotic
pannus ingrowth (11). Instead, a combination of
clinical and imaging criteria can be used to distin-
guish between these entities (Table 1); such distinc-
tion is important because their treatments differ. Lin
et al. described 4 independent predictors of MHV
thrombosis: increased transvalvular gradient (aortic
Pmax $50 mm Hg, mitral Pmean $10 mm Hg); presence
of an occlusive mobile mass on the prosthetic valve;
and an international normalized ratio (INR) #2.5 (12).
Recently, Egbe et al. (8) compared the clinical and
echocardiographic predictors of BHV thrombosis and
BHV degeneration in 397 consecutive explanted
bioprostheses. Five factors were independently
associated with BHV thrombosis: 1) >50% increase in
mean echo-Doppler gradient from baseline within 5
years; 2) paroxysmal AF; 3) subtherapeutic INR; 4)
increased valve cusp thickness; and 5) abnormal cusp
mobility (8). The presence of all 5 risk factors was
associated with a specificity of 93%, a positive pre-
dictive value of 85%, and a negative predictive
value of 89%. This study underscores the importance
of early post-operative echocardiography as a base-
line for subsequent imaging and hemodynamic
follow-up.

Although BHV thrombosis generally presents with
PV degeneration, PV thrombosis may also be associ-
ated with new-onset regurgitation or mixed stenosis
and regurgitation (11). In fact, in the report of Egbe
et al. (8), 25 of 46 cases of BHV thrombosis (54%)
presented with isolated stenosis, 5 (11%) with isolated
regurgitation, and 15 cases (33%) presented with ste-
nosis and regurgitation. However, prosthesis degen-
eration more commonly presents with significant
regurgitation, together with reduced leaflet motion
and leaflet calcification, generally without an increase
in valve thickness.

With MHVs, valve mobility can also be assessed
using fluoroscopy, which permits accurate assess-
ment of the prosthesis opening angles. However,
fluoroscopy is not applicable to BHVs, as these are
radiolucent (11).

In patients with inconclusive transthoracic and
transesophageal echocardiography findings (which
may be rather frequent), multidetector computed
tomography could provide an accurate evaluation
of the prosthetic valve structure and functional sta-
tus (9,41). Electrocardiogram-gated multidetector
computed tomography scanning enables dynamic
leaflet evaluation, and anatomic assessment of the
PV in systole and diastole (10,36). Multidetector
computed tomography scanning can differentiate
between PV thrombosis and fibrotic pannus ingrowth
on the basis of Hounsfield units, with PV thrombosis
having lower attenuation than fibrotic pannus
ingrowth, and the latter having similar attenuation
as the ventricular septum (10,36). Therefore, multi-
detector computed tomography scanning could be
used to characterize the etiology of PV thrombosis,
especially with BHVs, and to guide subsequent
treatment. In several centers, multidetector
computed tomography is the test of choice after the
initial transthoracic echocardiography.

PV dysfunction should also be considered in the
differential diagnosis of patient-prosthesis mismatch
(11). Patient–prosthesis mismatch can be defined as a
PV too small for the patient’s body surface area.
Although both PV dysfunction and patient–prosthesis
mismatch may produce similar increases in



CENTRAL ILLUSTRATION Bioprosthetic Valve Thrombosis: Proposed Classification

Early

Temporal Classification

Diagnostic Certainty Classification

ACUTE
0 to 3 days
after TAVR

High diagnostic likelihood Intermediate diagnostic likelihood Low diagnostic likelihood

SUBACUTE
3 days to 3 months

after TAVR

LATE
3 months to 1 year

after TAVR

VERY LATE
>1 year

after TAVR

Definite valve thrombosis

Clinical criteria
• Regression of new-onset heart failure 
symptoms after initiation of 
anticoagulation therapy

CTA criteria
• Presence of reduced leaflet motion
• Presence of hypoattenuated leaflet 
thickening

Echocardiographic criteria
• Direct visualization of valve thrombosis
• Regression of elevated mean gradient
(<10 mm Hg) after oral anticoagulation 
therapy

Pathological criteria
• Evidence of device thrombosis at autopsy
or via examination of tissue retrieved
during cardiac surgery

Possible valve thrombosis

Clinical criteria
• Unexplained arterial 
thromboembolic event at any 
time after TAVR in patients 
without prior documented 
cardioembolic source without 
culprit epiaortic or carotid
atherosclerosis

Probable valve thrombosis

Clinical criteria
• Acute- or subacute-onset 
heart failure symptoms
(i.e., progressive dyspnea, 
peripheral edema, pulmonary 
rales, jugular turgor)

CTA criteria
• Reduced leaflet motion
• No hypoattenuated leaflet 
thickening visible

Echocardiographic criteria
• Increase in mean gradient 
>10 mm Hg

• No thrombus visible

Dangas, G.D. et al. J Am Coll Cardiol. 2016;68(24):2670–89.

Valve thrombosis is a multifactorial phenomenon determined by the interplay of clinical, anatomic, procedural, and pharmacological factors. Valve thrombosis can be

classified according to its timing as early (<3 months), late (3 months to 1 year), or very late (beyond 1 year). Definitive diagnosis of prosthesis thrombosis can be

established with clinical, imaging (computed tomography or echocardiography), or pathological criteria. Pathological studies and observational registries suggest that

the risk of prosthesis thrombosis and thromboembolism is highest in the first 3 months after implantation. Extension of anticoagulation therapy beyond 3 months

requires balancing the risk of bleeding with the risk of thromboembolism. Longitudinal imaging follow-up may be beneficial in high-risk patients for valve

dysfunction/thrombosis. CTA ¼ computed tomography angiography; TAVR ¼ transcatheter aortic valve replacement.
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transvalvular gradients, evaluation of the effective
orifice area is critical for characterization of patient–
prosthesis mismatch. The combination of high
transvalvular gradient, normal opening angles, and
absence of masses on echocardiography supports the
diagnosis of patient–prosthesis mismatch (9). Multi-
detector computed tomography scanning may also
help to differentiate between PV dysfunction and
patient–prosthesis mismatch for 2 main reasons: 1) it
will detect thrombus, vegetations, or other masses;
and 2) it provides a more accurate assessment of the
geometry of the left ventricular outflow tract and
the effective orifice area for prostheses implanted in
the aortic position.

Finally, incorporating all of the available evidence,
as described in the preceding text, we have attempted
to introduce a clinical classification for bioprosthetic
valve thrombosis (Central Illustration). First, a tem-
poral classification should be applied, differentiating
the timing of PV thrombosis into acute, subacute,



FIGURE 5 Algorithm for Serial Imaging Follow-Up After Prosthetic Valve Replacement

TTE baseline prior to hospital discharge after
bioprosthetic valve implantation

High risk for bioprosthesis complications?

TTE at 1 monthTTE at 1 month

TTE at 3/6 month

Gradient up >50%,
thickened cusps, and/or
restricted cusp mobility?

Evidence of
thrombosis

No evidence
of thrombosis

TEE or CT scan

Treat
(see Algorithm Figure 7)

Watchful waiting:
TTE at 1 month

Continue
yearly TTE

Yearly TTE

Yearly TTE

-

-

+

+

Adapted with permission from Pislaru et al. (18) and Stewart (38). CT ¼ computed to-

mography; TTE ¼ transthoracic echocardiography.
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late, or very late. Then, depending on the degree of
diagnostic certainty, PV thrombosis can be classified
as definite (on the basis of clinical, imaging, and
pathological or clinical response to initiation of anti-
coagulation therapy), probable (on the basis of clin-
ical and imaging criteria), or possible (based only on
uncertain clinical criteria).

ROUTINE IMAGING SURVEILLANCE. Because PV
thrombosis with or without valve dysfunction is a
potentially life-threatening complication, serial
imaging surveillance is likely to be warranted.
Transthoracic echocardiography should be the test of
choice for routine screening. Current ACC/AHA
guidelines endorse the use of echocardiographic im-
aging only in the presence of potential valve-related
symptoms or annually, starting 10 years after valve
implantation. We believe that such management may
miss a significant proportion of early PV thrombosis
or dysfunction, which mostly occurs in the first 2
years after valve implantation. Consequently, we
suggest that baseline transthoracic or trans-
esophageal echocardiograms should be done after
valve implantation and before hospital discharge, and
1 to 3 months later (8,38). Annual follow-up is indi-
cated thereafter, although patients at high risk for
valve-related complications (such as those requiring a
second valve implantation during TAVR or those with
highly calcified or degenerated native valves) may
benefit from more frequent evaluation (Figure 5).
More frequent imaging may result in earlier detection
of valve deterioration, with subsequent application of
appropriate treatment (such as a trial of anti-
coagulation if thrombosis is suspected, or percuta-
neous intervention in the case of deterioration or
other mechanical complications). In addition, the
work of Egbe et al. (8) suggests that in certain cases,
bioprosthetic valve thrombosis may represent an
early stage of subclinical valve degeneration that is
potentially treatable with a course of therapeutic
anticoagulation. However, our suggestions in the
preceding text are not currently supported by guide-
line recommendations, but on our current view of the
pathophysiology of true disease; further studies may
inform future practice guidelines on this subject.

PREVENTION AND TREATMENT OF PV

THROMBOSIS AND THROMBOEMBOLIC EVENTS

GENERAL APPROACH. Three factors influence the
intensity and duration of antithrombotic treatment
after surgical or transcatheter valve interventions
(2,24,25): 1) type of prosthesis; 2) thromboembolic
risk; and 3) hemorrhage risk (42,43). The CHA2DS2-
VASc (Table 2) scoring system may be helpful for
evaluation of the risk of stroke. Although it was
developed to predict TE events in patients with AF,
the score has been validated in other clinical settings,
including TAVR (44–46). Several scores have been
developed to predict bleeding risk, including
HAS-BLED, ATRIA, and HEMORR2HAGES (Table 2)
(47–49). Although these bleeding risk scores were
developed in patients with AF on chronic oral anti-
coagulation with vitamin K antagonists (VKAs), due
to the inclusion of common and well-known risk
factors for bleeding, they might also be applicable to
patients with valvular heart disease (with or without
AF) (50); however, this hypothesis requires prospec-
tive confirmation.

For clarity, the antithrombotic treatments for
prosthetic valve thrombosis and TE events after
prosthetic heart valve replacement can be broadly
categorized according to their mechanisms of action
as antiplatelet-based strategies (aspirin and/or a
P2Y12 receptor inhibitor) and anticoagulant-based
strategies (using VKAs or direct oral anticoagulants).
Due to greater familiarity across all specialties
involved and bleeding risk concerns in this



TABLE 2 Risk Scores for Thromboembolic and Bleeding Risk

Stratification

Thromboembolic Risk Score

CHA2DS2-VASc

Congestive heart failure 1

Hypertension 1

Age $75 yrs 2

Diabetes mellitus 1

Previous cerebrovascular embolization* 2

Vascular disease† 1

Aged 65 to 74 yrs 1

Female sex 1

Total 9

Bleeding Risk

HAS-BLED

Hypertension 1

Abnormal renal and liver function (1 point each) 1 or 2

Previous cerebrovascular embolization 1

Bleeding diathesis 1

Labile INR values (on warfarin) 1

Age >65 yrs 1

Drugs or alcohol abuse (1 point each) 1 or 2

Total 9

ATRIA

Anemia 3

Severe renal disease (eGFR <45 ml/min) 3

Age $75 yrs 2

Prior bleeding 1

Hypertension 1

Total 10

HEMORR2HAGES

Hepatic or renal disease 1

Ethanol abuse 1

Malignancy 1

Older age 1

Reduced platelet count or function 1

Prior hemorrhage 2

Hypertension 1

Anemia 1

Genetic factors (CYP 2C9 single-nucleotide polymorphisms) 1

Excessive fall risk 1

Stroke 1

Total 12

*Including stroke or transient ischemic attack. †Including prior myocardial infarc-
tion, peripheral artery disease, or aortic plaque.

CYP ¼ cytochrome P450; eGFR ¼ estimated glomerular filtration rate;
INR ¼ international normalized ratio.
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population, clopidogrel has been the most utilized
P2Y12 inhibitor in trials, registries, and clinical prac-
tice thus far. Current guidelines for antithrombotic
therapy after surgical or transcatheter valve replace-
ment are outlined in Table 3. Antithrombotic strate-
gies according the type of heart valve prosthesis and
intervention type are discussed in the following
sections.
SURGICAL PROSTHESIS. With MHVs, VKAs are the
mainstay for prevention of PV thrombosis. VKAs are
dose-adjusted to maintain INRs of 2 to 3 and 2.5 to 3.5
for MHVs implanted in the aortic and mitral positions,
respectively (2,24,25). With BHVs, anticoagulation
with VKAs is generally recommended for the first 3
months after the procedure, with INRs between 2.0
and 3.0, irrespective of the prosthesis position (aortic,
mitral, or right-sided) (2,24,25). After bioprosthetic
valve replacement, use of anticoagulation is predi-
cated on the need to reduce the risk of thromboem-
bolic complications while the prosthesis undergoes
endothelialization. In a large study from the Society
of Thoracic Surgeons (STS) Adult Cardiac Surgery
Database, Brennan et al. (51) demonstrated reduced
adjusted risk of death (relative risk [RR]: 0.80; 95%
confidence interval [CI]: 0.66 to 0.96) and thrombo-
embolic events (RR: 0.52; 95% CI: 0.35 to 0.76) with
the use of warfarin plus aspirin compared with
aspirin alone in 25,656 patients $65 years of age
undergoing surgical aortic valve replacement with a
bioprosthesis. However, the risk of bleeding was
increased with the combination of aspirin plus
warfarin compared with aspirin alone (RR: 2.80; 95%
CI: 2.18 to 3.60). Of note, there were no differences in
the rates of mortality, thromboembolic complica-
tions, or bleeding between patients on aspirin alone
versus warfarin alone, suggesting that combined
attenuation of platelets and coagulation is more
effective. Mérie et al. (52) reported similar findings in
aortic BHV replacement; compared with aspirin,
warfarin was associated with a significantly lower risk
of TE, stroke, and cardiovascular death in the first
3 months. Moreover, discontinuation of warfarin
between 3 and 6 months was associated with an
increase in thromboembolic complications. However,
the optimal duration and intensity of VKA therapy
after surgical BHV replacement have never been
evaluated in prospective, randomized controlled
trials, and most of the available evidence stems
from large registry studies, with their inherent
limitations. On the basis of current evidence,
extending anticoagulation beyond 3 months after
BHV replacement may be appropriate in patients
deemed at high risk for TE (i.e., concomitant AF,
history of thromboembolic disease, hypercoagula-
bility, or severe left ventricular dysfunction) and at
moderate to low risk for bleeding. In this setting,
periodic imaging follow-up can help identify pa-
tients with early signs of BHV deterioration who may
benefit from more intensified short- or long-term
antithrombotic regimens.

The type of BHV may potentially influence the
choice of antithrombotic regimen. In a meta-analysis



TABLE 3 ACC/AHA, ACCP, and ESC Recommendations for Antithrombotic Therapy After Valve Replacement

ACC/AHA ACCP ESC

Surgical MHV replacement Anticoagulation with VKA (INR of 2.5 for
AVR and no risk factors for TE; INR of
3.0 for AVR with risk factors for TE or
MVR) plus aspirin 75–100 mg daily
(Class I)

VKA (INR of 2.5 for AVR and 3.0 for MVR)
indicated over no VKA for long-term
management (Grade 1B)

Aspirin 50–100 mg indicated in patients at
low risk of bleeding (Grade 1B)

Anticoagulation with VKA (target INR according
to prosthesis thrombogenicity and patient-
related risk factors [Table 1]; Class I)

Aspirin #100 mg daily if concomitant
atherosclerotic disease and/or TE despite
adequate INR (Class IIa)

Surgical BHV replacement Anticoagulation with VKA (INR of 2.5) plus
aspirin 75–100 mg for the first 3 months
followed by aspirin 75–100 mg daily
alone (Class IIa/IIb)

Aspirin 50–100 mg indicated in the first
3 months (Grade 2C)

Aspirin 50–100 mg is indicated over VKA and
over no APT for the first 3 months after AVR
in patients in sinus rhythm (Grade 2C)

VKA (INR: 2.5) indicated over no VKA for the
first 3 months after MVR (Grade 2C)

Anticoagulation with VKA for the first 3 months
after MVR, MVRep, or TVR (Class IIa)

Anticoagulation with VKA for the first 3 months
after AVR (Class IIb)

Aspirin #100 mg daily for the first 3 months
after AVR (Class IIa)

TAVR Clopidogrel 75 mg plus aspirin 75–100 mg
for 6 months followed by aspirin
75–100 mg daily alone (Class IIb)

Aspirin 50–100 mg plus clopidogrel 75 mg/dl is
indicated over VKA and over no APT for the
first 3 months (Grade 2C)

No specific recommendations

ACC ¼ American College of Cardiology; ACCP ¼ American College of Chest Physicians; AHA ¼ American Heart Association; APT ¼ antiplatelet therapy; AVR ¼ aortic valve replacement; BHV ¼ bioprosthetic
heart valve; ESC ¼ European Society of Cardiology; INR ¼ international normalized ratio; MHV ¼mechanical heart valve; MVR ¼mitral valve replacement; MVRep ¼mitral valve repair; TAVR ¼ transcatheter
aortic valve replacement; TE ¼ thromboembolism; TVR ¼ target vessel revascularization; VKA ¼ vitamin K antagonist.
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of randomized and nonrandomized studies, stentless
BHVs were associated with a lower risk of prosthesis–
patient mismatch, greater effective orifice areas, and
lower transvalvular gradients at follow-up compared
with stented BHVs (53). Although the improved he-
modynamic characteristics of stentless valves may
imply a reduced risk of thrombosis, and therefore,
avoidance of more intensive antithrombotic regi-
mens, adequately powered randomized trials testing
these concepts have yet to be performed.
Use of non-v i tamin K ora l ant i coagulants in
surg ica l prosthes is . The efficacy and safety of
dabigatran for stroke prevention in AF prompted its
comparison with warfarin in patients with MHVs in
the RE-ALIGN (Randomized, Phase II Study to Eval-
uate the Safety and Pharmacokinetics of Oral Dabi-
gatran Etexilate in Patients after Heart Valve
Replacement) study. The study was stopped early
because of a trend for more ischemic strokes in pa-
tients randomized to dabigatran (54). The negative
results of this study prompted black-box warnings
against the use of dabigatran and other direct oral
anticoagulants in patients with MHVs. Consequently,
despite their limitations, VKAs remain the sole option
for anticoagulation in patients with MHVs.

Several mechanistic observations help to ratio-
nalize the findings of the RE-ALIGN trial. First, what
triggers thrombosis on MHVs and why did dabigatran
fail for this indication? Blood-contacting medical de-
vices, such as MHVs and catheters, activate the con-
tact system and trigger clotting via the intrinsic
pathway: a pathway initiated by contact activation of
fXII, propagated by fXIIa-mediated activation of fXI,
and culminating in thrombin generation (55). Cathe-
ters promote clotting via the intrinsic pathway
because: 1) they bind and activate fXII, and induce fXI
activation; 2) corn trypsin inhibitor, a potent inhibitor
of fXIIa, blocks catheter-induced clotting; 3) catheter-
induced clotting is attenuated in fXII- or fXI-deficient
plasma, key components of the intrinsic pathway, but
not in plasma deficient in fVII, which is essential for
the extrinsic pathway; and 4) knockdown of fXII or
fXI with antisense oligonucleotides prolongs the time
to catheter thrombosis in rabbits, whereas fVII
knockdown has no effect (56–58). Like the findings
with catheters, valve leaflets and sewing ring seg-
ments from MHVs promote clotting via the intrinsic
pathway because thrombin generation is: 1) attenu-
ated with corn trypsin inhibitor; and 2) reduced in
fXII-deficient plasma, eliminated in fXI-deficient
plasma, and unchanged in fVII-deficient plasma
(59). Therefore, like catheters, MHVs trigger clotting
via the intrinsic pathway.

Dacron and Teflon sewing ring segments are more
thrombogenic than valve leaflets (60). This finding
explains why valve thrombosis starts on the sewing
ring in pigs with implanted MHV. It could also explain
the apparent benefit of short-term anticoagulation in
patients with newly implanted PVs. Thus, a 3- to
6-month course of warfarin anticoagulation in such
patients may prevent thrombus formation on the
sewing ring while endothelialization occurs.

Why was dabigatran less effective than warfarin at
blocking clotting on MHVs? By triggering the intrinsic
pathway, MHVs induce the local generation of
thrombin in concentrations that exceed those of
dabigatran, which inhibits thrombin in a 1:1 manner.
By contrast, minimal thrombin is generated in the
presence of warfarin because, by reducing the func-
tional levels of fIX, fX, and fII, warfarin attenuates



FIGURE 6 Why Did Dabigatran Not Work in MHVs?
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fXa and thrombin generation via the intrinsic and
common pathways, respectively (Figure 6). Support-
ing the limited capacity of dabigatran to block medi-
cal device–induced clotting, dabigatran prevented
catheter thrombosis in rabbits at concentrations
similar to those found at peak in patients given 150
mg twice daily, but not at trough concentrations (61)
The same appears to be true for MHVs because dabi-
gatran had minimal effects on thrombin generation
induced by MHVs at concentrations below 200 ng/ml
(59). By contrast, thrombin generation was attenu-
ated in plasma from warfarin-treated patients with an
INR over 1.5. These findings provide a rational
explanation for the trend for more strokes with
dabigatran than with warfarin in patients with MHVs
in the RE-ALIGN trial (54). Dose-equivalency plots
constructed by comparing the effects of varying doses
of dabigatran and warfarin on thrombin generation
induced by MHVs revealed that dabigatran concen-
trations of 254 and 488 ng/ml are required to sup-
press endogenous thrombin potential, a global
measure of thrombin generation, to the same extent
as warfarin at INR values of 2 and 3.5, respectively
(59). Using this information, pharmacokinetic
modeling suggests that twice-daily dabigatran doses
of 620 mg would be required to maintain the trough
concentration at or above 250 ng/ml. This is more
than double the twice-daily 300-mg maximum dabi-
gatran dose used in the RE-ALIGN trial, a dose that
already produced more bleeding than warfarin.
Therefore, it is unlikely that clotting on MHVs can
be suppressed with clinically relevant dabigatran
doses (54). Oral inhibitors of fXa may be better than
dabigatran for preventing thrombosis on MHVs and
PVs because they attenuate thrombin generation.
Such upstream inhibition at the level of fXa is bene-
ficial because each molecule of fXa generates 1,000
molecules of thrombin. Although rivaroxaban, apix-
aban, and edoxaban have yet to be evaluated in pa-
tients with MHVs, rivaroxaban was more effective
than enoxaparin at preventing MHV thrombosis in a
pig model (62). Therefore, future studies should
evaluate the efficacy of the oral fXa inhibitors for
prevention of clotting on MHVs.
TRANSCATHETER PROSTHESIS. In agreement with
findings with surgically implanted BHVs, the risk for
thromboembolic complications after TAVR is highest
in the first 3 months after valve implantation (23). This
period coincides with the time required for neointimal
coverage of the frame and leaflets. Currently, DAPT
with aspirin (80 mg to 325 mg daily) and clopidogrel
(75 mg daily) is the most commonly used antith-
rombotic regimen, and treatment is given for 1 to 6
months (2). The selection of this regimen is on the
basis of expert consensus; there are no relevant ran-
domized controlled trials. In the PARTNER trial, life-
long aspirin (75 mg to 100 mg per day) and clopidogrel
(75 mg per day) for 6 months were recommended. The
ACC/American Association for Thoracic Surgery/Soci-
ety for Cardiac Angiography and Interventions/STS
panel recommends DAPT with aspirin and clopidogrel
to reduce the risk of thromboembolic events after
TAVR, but the optimal duration of such treatment is
not specified (2). Similarly, guidelines from the Euro-
pean Society of Cardiology recommend DAPT with
low-dose aspirin and a thienopyridine, but do not
specify the duration. Conversely, the Canadian Car-
diovascular Society statement on transcatheter aortic
valve implantation recommends the use of aspirin
indefinitely and clopidogrel for 1 to 3 months (25,63).
Because it is unclear whether thrombi formed during
and after TAVR are predominantly composed of
platelets and fibrin, an antiplatelet-based strategy
alone may not provide optimal prevention in this
subset of patients. Van Mieghem et al. (64) reported
that more than one-half of the cerebral emboli that
occur during TAVR are platelet-fibrin thrombi, with
the remainder reflecting calcified debris. The recent
observations that subclinical leaflet thrombosis can
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occur soon after TAVR, and is less common in patients
receiving oral anticoagulants than in those given
DAPT, suggest that antiplatelet therapy alone may be
insufficient to prevent TE complications in all pa-
tients. In a collaborative, patient-level pooled analysis
of all available studies (both randomized and non-
randomized) comparing aspirin with DAPT, Hassell
et al. (65) found no differences in all-cause mortality,
stroke, and net adverse clinical events at 30 days.
However, this study has several limitations, including
the relatively low statistical power, the inclusion of
randomized and nonrandomized studies, and the
short duration of follow-up. Although more potent
adenosine diphosphate receptor antagonists, such as
ticagrelor or prasugrel, may be superior to clopidogrel,
they have yet to be evaluated for this indication, and
their safety profile is unknown in the often-frail
TAVR population. Additionally, long-term oral anti-
coagulation may be associated with an unfavorable
risk/benefit ratio in the frail TAVR population
compared with an antiplatelet-based strategy with
DAPT or single-antiplatelet therapy with aspirin, pra-
sugrel, or ticagrelor.

First, without a sewing ring and much less me-
chanical prosthetic surface, TAVR devices are less
thrombogenic than MHVs. The absence of a sewing
ring is an advantage over surgically implanted BHVs,
although the latter do not have the exposed metallic
stent-based support structure of the TAVR devices.
The sewing ring also limits the actual orifice area of
the prosthesis, and its absence may further explain
the lower risk of patient–prosthesis mismatch and the
better hemodynamic performance of transcatheter
bioprosthetic valves compared with stentless or
stented surgical bioprostheses (66). These differences
may translate to a lower need for intensified antith-
rombotic regimens to prevent valve-related throm-
boembolic complications.

The intraprocedural safety and efficacy of heparin
versus bivalirudin, a parenteral direct thrombin in-
hibitor, were compared in the BRAVO 2/3 (Effect of
Bivalirudin on Aortic Valve Intervention Outcomes
2/3) trial. There were no differences in ischemic and
bleeding events at 48 h and 30 days in patients un-
dergoing TAVR (67), including in rates of cerebral
embolization assessed with magnetic resonance im-
aging (68). However, the safety and efficacy of
anticoagulant-based strategies in preventing TE
complications mid- to long-term after TAVR have yet
to be evaluated. To address this, the GALILEO (Global
Study Comparing a rivAroxaban-based Antith-
rombotic Strategy to an antipLatelet-based Strategy
After Transcatheter aortIc vaLve rEplacement to
Optimize Clinical Outcomes) trial (NCT02556203) will
compare low-dose rivaroxaban with antiplatelet
therapy in patients without an established indication
for long term oral anticoagulation (69), whereas the
ATLANTIS (Anti-Thrombotic Strategy After Trans-
Aortic Valve Implantation for Aortic Stenosis) trial
(NCT02664649) will compare apixaban with
standard-of-care antithrombotic therapy in 1,509 pa-
tients undergoing successful TAVR with or without
indications for long-term anticoagulation (70).
Another clinical trial, the ENVISAGE-TAVI AF
(EdoxabaN Versus standard of care and theIr effectS
on clinical outcomes in pAtients havinG undergonE
Transcatheter Aortic Valve Implantation [TAVI] —

Atrial Fibrillation) underway will compare edoxaban
to warfarin in patients with oral anticoagulation
indication after TAVR [NCT02943785]. Finally, the
value (benefit-risk ratio) of adding clopidogrel to
aspirin or to an anticoagulant has not been tested in
any way yet and is not part of any of these 3 trials.

The rapid onset of action of the novel oral antico-
agulants and their reduced bleeding risk compared
with VKAs render them attractive options. Although
dabigatran was less effective than warfarin in
reducing the risk of thromboembolic events in pa-
tients with MHVs in the RE-ALIGN trial, these findings
may not apply to the transcatheter BHV population
(54). First, without a sewing ring, TAVR devices are
less thrombogenic than MHVs and surgically implan-
ted BHVs. Secondly, the RE-ALIGN trial enrolled pa-
tients who underwent surgical valve replacement,
which is associated with a greater inflammatory
response, and possibly enhanced platelet activation
and thrombogenicity compared with TAVR. None-
theless, microthrombi can form on the valve leaflets
and may compromise valve function. Oral fXa in-
hibitors may be superior to VKAs for preventing this
problem because they produce a more rapid and pre-
dictable anticoagulant response, and because the oral
fXa inhibitors can be given in prophylactic or treat-
ment doses. By contrast, to be effective, warfarin must
be dose-adjusted to an INR of 2 or higher, which in-
creases the risk of bleeding. Additionally, the imple-
mentation of short- (z3 months) or evenmid-term (>3
months) anticoagulation after TAVR should not only
prevent leaflet thrombosis, but would attenuate
thrombotic complications secondary to AF. This is
important, considering the high prevalence of base-
line AF (25% to 30%), new onset permanent AF (15% to
20%), and paroxysmal AF. The range of potential
antithrombotic therapies for PVT and TE prevention is
listed in Table 4.

Transcatheter mitral valve replacement is
emerging as a new therapeutic modality for the
treatment of severe mitral valve regurgitation. In late

https://clinicaltrials.gov/ct2/show/NCT02556203
https://clinicaltrials.gov/ct2/show/NCT02664649
https://clinicaltrials.gov/ct2/show/NCT02943785


TABLE 4 Potentially Useful Antithrombotic Agents After Transcatheter Valve Replacement

Pharmacokinetics Pharmacodynamics Clinical Indication Potential Advantages Potential Disadvantages

Antiplatelet agents

Aspirin Direct-acting
Action onset z1-3 h
Action offset z7–10 days

Irreversible COX-1
inhibitor

Indicated for primary and
secondary prevention of
atherothrombotic disease
(stroke, stable CAD, post-
ACS, peripheral vascular
disease)

Inexpensive, effective, and
well-tolerated

GI bleeding risk

Clopidogrel Prodrug (CYP-450 metabolism)
Action onset z2–8 h
Action offset z7–10 days

Irreversible P2Y12-
inhibitor

Indicated for primary and
secondary prevention of
atherothrombotic disease
(stroke, stable CAD, post-
ACS, peripheral artery
disease)

Inexpensive, extensive clinical
data evaluating safety and
efficacy

Inconsistent platelet
inhibition

Bleeding risk

Ticagrelor Direct-acting
Action onset z0.5–2 h
Action offset z3–5 days

Reversible P2Y12-
inhibitor

Indicated for secondary
prevention after ACS, and
secondary prevention in
patients with history of MI

More consistent and potent
platelet inhibition

Currently only available as
brand

Higher bleeding risk
May cause dyspnea

Prasugrel Prodrug (CYP-450 metabolism)
Action onset z0.5–4 h
Action offset z7–10 days

Irreversible P2Y12-
inhibitor

Indicated for secondary
prevention after ACS

More consistent and potent
platelet inhibition

Currently only available as
brand

Higher bleeding risk
Contraindicated if age

>75 yrs, weight <60 kg,
or history of stroke

Anticoagulant agents

Warfarin Action onset z3–4 days Vitamin K antagonist Reduction of risk of stroke and
systemic embolism in
surgical

Reduction of risk of stroke and
systemic embolism in AF

Prophylaxis of DVT after hip
or knee surgery

Treatment and prophylaxis of
DVT and PE

Reversal agents available High interindividual
variability

Higher bleeding risk
Dietary restrictions
INR monitoring
Many drug interactions

Apixaban Rapid action onset Factor Xa inhibitor Reduction of risk of stroke and
systemic embolism in AF

Thromboprophylaxis after hip
or knee arthroplasty

Treatment of DVT and PE

Lower bleeding risk and
higher antithrombotic
efficacy

Monitoring not required

No reversal agents available

Rivaroxaban Rapid action onset Factor Xa inhibitor Reduction of risk of stroke and
systemic embolism in AF

Thromboprophylaxis after hip
or knee arthroplasty

Treatment of DVT and PE

Lower bleeding risk
Monitoring not required

No reversal agents available

Edoxaban Rapid action onset Factor Xa inhibitor Reduction of risk of stroke and
systemic embolism in AF

Treatment of DVT and PE

Lower bleeding risk
Monitoring not required

No reversal agents available

Dabigatran Prodrug
Rapid action onset

Thrombin inhibitor Reduction of risk of stroke and
systemic embolism in AF

Treatment and prophylaxis of
DVT and PE

Lower bleeding risk
Monitoring not required
Reversal agent available

Results from the RE-ALIGN
trial

ACS ¼ acute coronary syndrome; AF ¼ atrial fibrillation; CAD ¼ coronary artery disease; DVT ¼ deep vein thrombosis; GI ¼ gastrointestinal; INR ¼ international normalized ratio; MI ¼ myocardial infarction;
PE ¼ pulmonary embolism; RE-ALIGN ¼ Randomized, Phase II Study to Evaluate the Safety and Pharmacokinetics of Oral Dabigatran Etexilate in Patients after Heart Valve Replacement.
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2014, Cheung et al. (71) reported the first cases of
human implantation of the TIARA device (Neovasc,
Richmond, British Columbia, Canada) via a trans-
apical approach in 2 patients deemed at extreme risk
for surgery (72). Treatment of mitral valve diseases
involves different challenges, including highly
heterogeneous pathological substrate, reduced left
ventricular function, concomitant AF, technical
feasibility interaction with surrounding structures,
more severe course of paravalvular leak, and higher
thromboembolic risk (71,72). Surgical studies suggest
that mitral valve replacement is associated with a
higher risk of thromboembolic complications than
aortic valve replacement with both mechanical valves
and bioprostheses, despite adequate levels of anti-
coagulation (53). Moreover, BPVs implanted in the
mitral position are prone to earlier structural deteri-
oration than BPVs in the aortic position (53). There-
fore, adequate thromboprophylaxis is of particular
importance in patients with mitral valves (target INR
3.5 on warfarin). The relative efficacy and safety of
transcatheter MVR versus surgical MVR, surgical or



FIGURE 7 Management of Transcatheter Bioprosthetic Valve Thrombosis
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Transthoracic or transesophageal echocardiography (TEE) should be the first-line imaging tool in patients with suspected PV thrombosis. If echocardiography is

negative, cardiac CT to assess leaflet anatomy and motility should be considered. The severity of clinical presentation may guide treatment options. In patients in

whom conservative measures (i.e., instauration of therapeutic anticoagulation [AC] or fibrinolysis in patients already on therapeutic AC) fail, repeat valve replacement

should be considered. Following PV thrombosis resolution, patients should be discharged on a regimen of AC. IV ¼ intravenous; NYHA ¼ New York Heart Association

functional class; other abbreviations as in Figure 5.
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percutaneous MV repair, and optimal medical therapy
are unknown, but future studies should take into
account the higher risk of TE of BPVs in the mitral
position and the potential need for intensified com-
bination antithrombotic regimens in certain patients.

MANAGEMENT OF PV OBSTRUCTION

WITH OR WITHOUT THROMBOSIS:

AN INTEGRATED APPROACH

PV dysfunction is a life-threatening condition and
prompt treatment is mandatory. Determination of the
etiology of the PV dysfunction is the first step in
defining subsequent treatment. Treatment options
for PV thrombosis include surgery, thrombolytic
therapy, and anticoagulation. The 2014 ACC/AHA
guidelines recommend thrombolytic therapy for
right-sided PV thrombosis if clots persist despite
intravenous heparin (2). The approach to left-sided
PV thrombosis treatment involves clinical and imag-
ing evaluation of the thrombus burden. In patients
presenting with hemodynamic instability, a regimen
of intravenous heparin should be started as soon as
possible, followed by either thrombolysis (if prohibi-
tive surgical risk) or surgery (if acceptable surgical
risk). Emergency surgery is recommended for patients
with New York Heart Association (NYHA) functional
class III to IV status and/or a large thrombus
(thrombus area $0.8 cm2). Heparin is recommended
as the initial approach for patients with NYHA func-
tional class I to II status and/or a small thrombus (<0.8
cm2); thrombolytic therapy is recommended if the
valve thrombosis persists. Following thrombus reso-
lution and restoration of normal hemodynamics, a
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regimen of long-term oral anticoagulation could be
started to prevent recurrent valve thrombosis. Current
guidelines can be adapted to obstructive transcatheter
BHV thrombosis, as illustrated in Figure 7. PV throm-
bosis and fibrotic pannus ingrowth may be both pre-
sent. Therefore, once there is improvement in the
valve hemodynamics and/or valve motion, serial
follow-up is important because residual thrombus
may promote recurrent thrombosis. Early detection
and treatment of thrombus formation on BHVs may
lead to a short-term reduction in the risk of TE events
and long-term prevention of PV degeneration; how-
ever, this hypothesis requires testing in prospective,
randomized studies.

CONCLUSIONS

Although there is a body of evidence supporting the
use of VKAs for thromboprophylaxis in patients with
MHVs, the optimal antithrombotic regimen for PVs is
uncertain. Pathological studies and observational
registries indicate that the risk of valve thrombosis
and TE events is highest in the first 3 months after
surgical implantation of PVs, suggesting that antico-
agulant thromboprophylaxis in this time frame may
be beneficial. Extension of anticoagulation therapy
beyond 3 months requires balancing the risk of
bleeding with the risk TE (43). The risk of TE is
influenced by the CHA2DS2-VASc score, the position
of the valve, and other risk factors, such as subclinical
valve thrombosis, new-onset of paroxysmal or
persistent AF, and device-related factors that may
influence long-term thrombogenicity (valve posi-
tioning, traumatic leaflet post-dilation, or incomplete
metallic strut apposition). Although several ongoing
randomized controlled trials are evaluating various
antithrombotic strategies, until these data are avail-
able, the choice of the appropriate antithrombotic
regimen, outside of MVR, should be dynamic and on
the basis of a careful evaluation of the ongoing indi-
vidual thromboembolic and hemorrhagic risk. With
the increasing use of transcatheter valvular therapies,
defining the optimal antithrombotic regimen is of
paramount importance.
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