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Mitral regurgitation is the most prevalent form of moderate or severe valve disease in
developed countries. Surgery represents the standard of care for symptomatic patients
with severe mitral regurgitation, but up to 50% of patients are denied surgery because of
high surgical risk. In this context, different transcatheter options have been developed to
address this unmet need. Transcatheter mitral valve replacement (TMVR) is an emergent
field representing an alternative option in high complex contexts when transcatheter
mitral valve repair is not feasible or suboptimal due to anatomical issues. However,
TMVR is burdened by some device-specific issues (device malposition, migration or
embolization, left ventricular outflow tract obstruction, hemolysis, thrombosis, stroke).
Here we discuss the thrombotic risk of TMVR and current evidence about anticoagulation
therapy after TMVR.

Keywords: transcatheter mitral valve replacement, thrombosis, vitamin K antagonists, non-vitamin K antagonist
oral anticoagulants, mitral valve regurgitation

INTRODUCTION

Mitral regurgitation (MR) is the most prevalent form of moderate or severe valve disease in
developed countries. MR may be either primary (due to valve leaflets or subvalvular apparatus
dysfunction) or secondary to left ventricular remodeling in the context of chronic ischemic heart
disease or primary myocardial disease. The most common causes of primary MR in industrialized
countries are mitral valve prolapse, rheumatic heart disease, and endocarditis (1).

Surgery (either mitral valve repair or mitral valve replacement) represents the standard of care
to treat severe symptomatic MR. However, almost 50% of patients are denied surgery because of
high surgical risk [impaired left ventricular ejection fraction (LVEF), older age, comorbidities] (2).
As a consequence, different transcatheter therapeutic treatments have been developed in the last
years to address this unmet need.

Transcatheter mitral valve replacement (TMVR) is an emerging field representing an alternative
option to treat severe symptomatic MR in high complex contexts when transcatheter mitral valve
repair is not feasible or suboptimal due to anatomical issues.

Few devices are under clinical evaluation (an example in Figures 1, 2), while the majority of
them are still undergoing pre-clinical trials, and few data are available on mid- and long-term
results (3).

However, TMVR is burdened by some device-specific risks, linked with both the complexity of
mitral valve anatomy [device malposition, migration or embolization, left ventricular outflow tract
(LVOT) obstruction] and the design of the devices themselves (hemolysis, thrombosis, stroke) (3).
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Here we discuss the thrombotic risk of TMVR, as compared
to transcatheter aortic valve replacement (TAVR) and surgical
bioprosthesis implantation, and the antithrombotic strategies
after TMVR.

PROSTHETIC VALVE THROMBOSIS

Pathophysiology of Prosthetic Valve

Thrombosis

Prosthetic valve thrombosis (PVT) is defined as thrombus
formation on the exogenous valve structure, associated with valve
dysfunction and, potentially, thromboembolic phenomena (4).

PVT is a multifactorial process involving surface-,
hemodynamic-, and hemostasis-related factors (4). The so-called
Virchow’s triad accurately describes the three main elements that
may lead to endovascular/intracardiac thrombosis (5, 6): blood
flow alterations (stasis, turbulence), hypercoagulability (both
congenital or acquired), and endothelial injury/dysfunction (7).

Following any cardiac device implantation, thrombosis may
occur in two different ways: either by direct activation of
coagulation cascade on the exogenous device surface or,
indirectly, as a result of hemodynamic changes induced by the
device itself (device-related thrombosis) (7).

For example, cases of early left atrial appendage thrombosis
(8) or left ventricular thrombosis (9) are reported after successful
Mitraclip implantation, and these data have been related to
the role Mitraclip-induced altered hemodynamics may have in
increasing thrombogenicity. Obviously, also TMVR devices carry
a similar risk, considering the structural complexity they need to
safely anchor on the saddle-shaped mitral valve annulus.

Thromboembolic risk is further increased by underlying
cardiac pathologies (i.e., heart failure or atrial fibrillation),
leading to disturbances in endothelial function, blood flow, and
blood composition (7).

FIGURE 1 | Transesophageal echocardiography showing Tendyne™ valve
(Abbott) after deployment.

Furthermore, any exogenous device implanted in the mitral
position is affected by higher thrombotic risk if compared with
the aortic position (4), as shown by TAVR devices implanted
in mitral position in the context of surgical mitral valve
repair failure [Valve-in-Ring (ViR)] or surgical bioprosthesis
dysfunction [Valve-in-Valve, (ViV)]. Higher rates of valve
thrombosis have been observed in these situations (up to 15%)
(10, 11), and this phenomenon is probably related to low-flow
conditions existing in the left atrium and the left ventricular
inflow tract if compared to the LVOT and the aorta.

Clinical Presentation of Valve Thrombosis
Patients with valve thrombosis may present with signs or
symptoms of heart failure (progressive dyspnea, ankle swelling)
or peripheral embolization (i.e., stroke, acute limb ischemia,
acute mesenteric ischemia, acute ischemic kidney injury).
Alternatively, thrombosis may be an incidental finding during
follow-up echocardiography in asymptomatic patients (12). In
case of delayed diagnosis, fulminant cardiogenic shock may
occur (13).

Obviously, other causes of valve dysfunction (such as valve
deterioration or endocarditis) and other causes of embolization
(i.e., left atrial thrombus in the context of atrial fibrillation,
endocarditis) should be ruled out when dealing with patients
with new onset heart failure (HF) or peripheral embolization
stigmata (4).

Valve Thrombosis Diagnostic Tools
In a patient with a prosthetic valve presenting with new
onset HF symptoms or thromboembolism of unknown origin,

FIGURE 2 | Fluoroscopy showing Tendyne™ valve (Abbott) after deployment.
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the purpose of cardiovascular imaging is to rule out valve
thrombosis and eventually assess its severity, etiology, and
hemodynamic consequences.

First-line diagnostic test is transthoracic echocardiography,
usually showing increased transvalvular gradients, reduced
leaflet mobility, abnormal intravalvular regurgitation, or images
suggestive for thrombi (high-density lesions, usually located on
the atrial side of the valve, originally appearing on the valve
ring and then moving toward leaflets) (14). Transesophageal
echocardiography should be considered as an adjunctive tool
if transthoracic echocardiography is suboptimal or in any case
of etiological doubt (13) (Figure 3). When echocardiography is
inconclusive, cardiac CT scan may help to better assess prosthetic
valve functioning. It is a useful tool, for example, to analyze
leaflet motion and distinguish valve thrombosis from valve
deterioration (3).

BIOPROSTHESIS AND
THROMBOEMBOLIC RISK

Thrombotic Risk After Surgical Mitral Valve
Replacement

The long-term experience with surgical bioprosthesis has led to
robust data about thromboembolic susceptibility of these devices.
However, the reported rates of thrombosis are highly variable
and surely underestimate the burden of the phenomenon because
valve imaging is not routinely performed during follow-up and
valve thrombosis is sometimes subclinical, with spontaneous
resolution before symptoms appear (4). The annual rate of
surgical bioprosthesis thrombosis, considering devices implanted
both in the aortic and mitral position, ranges between 0.03 and
0.74% (11). The risk of thrombosis is higher in the first 3 months
after surgery (when the neointimal layer is not yet formed on

FIGURE 3 | Transesophageal echocardiography showing Tiara (Neovasc)
anterior leaflet thrombosis.

valve leaflets), and it appears to be influenced also by the type
of the prosthetic valve, being stentless and pericardial valves less
thrombogenic than porcine stented ones (4).

Thrombotic Risk After TAVR

Analysis based on retrospective data estimated an incidence of
valve thrombosis after TAVR of 0.6-2.8% (15, 16). Furthermore,
cardiac CT studies conducted on TAVR patients led to
the identification of the so-called “subclinical thrombosis,”
namely, an incidental radiographic finding of thrombus
stratification on valve leaflets, in the absence of any symptom or
echocardiographic sign of valve dysfunction. It is still an object
of debate if subclinical thrombosis is a precursor of a proper
one, and further studies are necessary to fully understand its
implications on valve durability and risk of thromboembolic
events (17, 18).

The higher incidence of valve thrombosis in TAVR if
compared with surgical aortic valve replacement can be partially
explained considering that, during transcatheter aortic valve
replacement, native aortic valve leaflets remain in place and are
pushed against Valsalva sinuses. Both the endothelial damage to
native leaflets and the turbulent flow in the neo-sinuses have been
proposed as a thrombotic trigger, especially in the first 3 months
after implantation, when endothelialization of the valve is not yet
complete (19).

Thrombotic Risk After TMVR

TMVR is an emerging field, and so few data are available on the
thrombogenicity of transcatheter mitral prosthesis.

New transcatheter mitral devices, specifically designed to
be allocated in the saddle-shaped, dynamic mitral annulus,
are under investigation as an option to treat severe mitral
regurgitation in patients with a native mitral valve but high
surgical risk (3).

Table 1 describes available
these devices.

Interestingly, a higher rate of thrombosis is reported (from 6
to 8%) if compared with surgical mitral bioprosthesis and TAVR
(3, 20).

Some reasons may explain such a finding:

data on thrombotic risk of

- During TMVR, like during TAVR, mitral valve native
tissue is not removed, differently from mitral valve surgical
replacement. The endocardial damage induced by valve
positioning and the degeneration of native valve leaflets may
trigger thrombus formation.

- Transcatheter mitral devices are equipped with bulky
anchoring systems, which may trigger thrombosis, and this is
particularly true in low-flow left ventricular conditions (as in
patients with low LVEF).

- The 3D relationship between the transcatheter valve and the
mitral valve annulus, with some gaps due to the imperfect
sealing, may create prothrombotic flow turbulence.

- The transapical approach, often used to deploy the valve,
modifies ventricular geometry and is thus associated with a
higher risk of thrombosis.
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TABLE 1 | Available data on thrombotic risk of currently developed devices for TMVR in native mitral valve disease (3).

Reported device thrombosis (n, %)

Procedural and 30 days follow-up

Midterm follow-up?

AltaValve (4C medical technologies)
Caisson (LivaNova)

CardiAQ (Edwards lifesciences)
CardioValve (Cardiovalve)

Fortis (Edwards lifesciences)
HighLife (HighLife SAS)

Intrepid (Medtronic)

MValve System (MValve technologies)
Tiara (Neovasc)

Sapien M3 (Edwards lifesciences)
Tendyne (Abbott)

Global Cohort

0/1 (0) NA

NA NA

NA NA

NA NA

1/13 (7.7) NA

1/15 (6.6) NA
0/50 (0) 0/50 (0)

NA NA

NA NA

NA NA
1/100 (1) 6/100 (6)
3/179 (1.7) 6/150 (4)

@Mean follow-up was 10.1 £ 0.3 months, ranging from 3 to 24 months (3).

- A significant proportion of patients enrolled in the feasibility
studies of these devices (from 30 to 60%) (21-23) were
affected by atrial fibrillation, which enhances itself the risk
of thrombi formation, considering the associated left atrial
low-flow status.

Similar considerations are applicable also to TMVR in patients
with failure of surgical annuloplasty (ViR) or degeneration of
surgical bioprosthesis (ViV) who are deemed too high risk to
undergo REDO surgery. In this context, transcatheter devices
originally designed for TAVR have been mainly used.

Different rates of thrombosis are reported, ranging from
1.6 to 7% (24, 25). ViV procedures appeared to be more
thrombogenic than ViR, especially if performed in previously
surgically implanted stented porcine valves. Lower rates of
thrombosis were reported in patients with previously implanted
bovine pericardial valves, in accordance with available data on
surgically implanted bioprosthesis and TAVR ViV (4, 16).

ViR thrombosis may be explained by the low-flow status
existing at the interface between the transcatheter valve, the
surgical ring (in the presence of even trivial perivalvular leaks due
to imperfect valve sealing), and the native mitral valve apparatus.
In ViV thrombosis, on the other hand, degenerated bioprosthesis
calcifications, fibrosis, and tear may play a role in triggering
thrombus formation (26).

TMVR with valves originally designed for TAVR has been
also used to treat MR in patients with severe mitral annulus
calcification (VIMAC). This anatomical finding increases surgical
risk at the time of mitral valve replacement, being annular
decalcification associated with both cardiac rupture at the
atrioventricular junction and circumflex artery injury, while less
aggressive debridement may cause severe periprosthetic mitral
regurgitation (27).

No cases of thrombosis were reported in most of the studies
about VIMAC (24, 26), while Guerrero et al. (28) reported
a thrombosis rate of 1.8% at 1-year follow-up. Interestingly,
a higher rate of thrombosis was found by Urena et al. (25)
in a study conducted on 27 patients (11.1% at 30 days). All

cases were treated by oral vitamin-K antagonist (VKA), with
thrombosis resolution.

To date, no data are available about subclinical thrombosis in
TMVR population.

ANTITHROMBOTIC OPTIONS AFTER
TMVR

The optimal antithrombotic treatment after TMVR remains
controversial, as few data are available on long-term follow-up
of these patients.

Current  guidelines  from the  American  Heart
Association/American College of Cardiology suggest the
use of anticoagulation with VKA to achieve a target INR of 2.5
for at least 3 months and for as long as 6 months after surgical
bioprosthetic MVR in patients at low risk of bleeding and
without other indications for anticoagulation. Anticoagulation is
intended to reduce the risk of thromboembolism before the valve
is fully endothelialized. Lifelong single antiplatelet agent (usually
aspirin) is then suggested after discontinuation of anticoagulant
therapy (29).

Similarly, the European Society of Cardiology/European
Association of Cardiothoracic Surgery recommends oral
anticoagulation with VKA for at least 3 months after surgical
implantation of a mitral valve bioprosthesis (30).

Anticoagulation for a tissue prosthesis is supported by reports
of valve thrombosis in patients undergoing bioprosthetic valve
replacement (24).

Early experience with TMVR suggests a higher risk or
thrombosis if compared with TAVR and surgical mitral valve
replacement and a lower rate of thrombotic events in patients
treated by VKA (20, 24, 31). It is thus reasonable to use some
anticoagulant therapy in these patients.

However, no consensus is available on the duration of
anticoagulation after TMVR. Thrombogenicity of the bulky
transcatheter valves (Figure 4) may suggest prescribing lifelong
anticoagulant therapy. On the other hand, TMVR population is
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FIGURE 4 | 3D transesophageal echocardiography showing the atrial side of
a Tendyne™ valve (Abbott) after deployment. It exhibits the huge artificial
anchoring surface of these devices.

mainly constituted by frail patients (with multiple comorbidities)
at increased risk of bleeding during antithrombotic therapy. The
optimal target INR and the possible association of an antiplatelet
drug should be tailored on the structural characteristics of
the implanted device and patient-specific risk factors [also
considering the high incidence of atrial fibrillation in TMVR
population both at baseline and after valve implantation (20, 21,
31)]. In patients with high bleeding risk (i.e., history of previous
hemorrhage during anticoagulant therapy), the adoption of only
an antiplatelet therapy may be reasonable.

Recently, new data are emerging about the role non-vitamin K
antagonist oral anticoagulants (NOACs) may have in preventing
thrombosis in patients with valvular heart diseases (32). Few
randomized trials (33, 34) and meta-analysis (35) are available
about the use of NOAC in patients with atrial fibrillation and
biological prosthesis, both in the aortic and mitral position. They
show, even after TAVR (35), similar rates of stroke and major
bleeding if compared with VKA. NOAC may thus represent a
promising alternative in TMVR patients.

In any case, a strict echocardiographic follow-up is imperative
to detect early sign of valve dysfunction or thrombosis and to
modify the anticoagulant therapy accordingly.

Further studies are required toward a progressive
standardization of antithrombotic protocols in TMVR patients.

REFERENCES

1. Coffey S, Cairns BJ, Iung B. The modern epidemiology of heart valve disease.
Heart. (2016) 102:75-85. doi: 10.1136/heartjnl-2014-307020

2. Mirabel M, Iung B, Baron G, Messika-Zeitoun D, Détaint D, Vanoverschelde
J-L, et al. What are the characteristics of patients with severe, symptomatic,
mitral regurgitation who are denied surgery? Eur Heart ]. (2007) 28:1358-
65. doi: 10.1093/eurheartj/ehm001

3. Del Val D, Ferreira-Neto AN, Wintzer-Wehekind ], Dagenais F, Paradis
JM, Bernier M, et al. Early experience with transcatheter mitral
valve replacement: a systematic review. ] Am Heart Assoc. (2019)
8:013332. doi: 10.1161/JAHA.119.013332

CURRENT LIMITATIONS AND FUTURE
DIRECTIONS

To date, only few data are available on TMVR outcomes, and
they mainly come from observational studies. Thus, further
prospective analyses are needed to address some unanswered
questions about the thrombotic risk of these devices, the ideal
duration of anticoagulation therapy, and the usefulness of
antiplatelet drug association. There is also an unmet need to
identify predictors of valve thrombosis, eventually outlining the
pathophysiological differences between the thrombotic pathways
of different devices (TMVR in the native mitral valve, ViV,
ViR, VIMAC).

Furthermore, the identification of new materials, with less
significant thrombotic properties, may help to develop valves
associated with a lower rate of thromboembolic events. Some
polymers are under pre-clinical investigation and might be
applicable in the future to both transcatheter and surgical MVR
(36). Finally, the role NOAC may have in TMVR population has
to be fully investigated.

CONCLUSIONS

TMVR is an emerging and promising treatment option for
patients with severe symptomatic MR deemed too high risk to
undergo conventional surgery. The optimal antithrombotic
strategy is still an object of debate, but available data
suggest a relevant risk of early and late thrombosis. Thus,
a patient-tailored anticoagulation treatment is necessary,
weighting accurately thromboembolic and bleeding risk in such
a frail population.

AUTHOR CONTRIBUTIONS

GA: conceptualization, resources, formal analysis, writing—
original draft, and visualization. PD: writing—review and
editing, validation, supervision, and project administration.
Both authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The Alfieri Heart Foundation for supporting data collection and
article writing.

4. Dangas GD, Weitz JI, Giustino
Prosthetic heart valve thrombosis.
68:2670-89. doi: 10.1016/j.jacc.2016.09.958

5. Ding WY, Gupta D, Lip GYH. Atrial fibrillation and the
prothrombotic state: revisiting virchow’s triad in 2020. Heart. (2020)
106:1463-8. doi: 10.1136/heartjnl-2020-316977

6. Massussi M, Scotti A, Lip GYH, Proietti R. Left ventricular thrombosis: new
perspectives on an old problem. Eur Heart ] Cardiovasc Pharmacother. (2021)
7:158-67. doi: 10.1093/ehjcvp/pvaa066

G, Makkar
J Am Coll

R, Mehran R.
Cardiol. (2016)

7. Geisler T, Jorbenadze R, Popov AFE Mueller KL, Rath D,
Droppa M, et al. Thrombogenicity and antithrombotic strategies
in structural heart interventions and nonaortic cardiac device

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 621258


https://doi.org/10.1136/heartjnl-2014-307020
https://doi.org/10.1093/eurheartj/ehm001
https://doi.org/10.1161/JAHA.119.013332
https://doi.org/10.1016/j.jacc.2016.09.958
https://doi.org/10.1136/heartjnl-2020-316977
https://doi.org/10.1093/ehjcvp/pvaa066
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Ascione and Denti

Thrombosis in Transcatheter Mitral Prosthesis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

therapy-Current evidence and practice. Thromb Haemost. (2019)
119:1590-605. doi: 10.1055/s-0039-1694751

. Glatthaar A, Seizer P, Patzelt ], Langer H, Schreieck ], Gawaz M. Formation

of a left atrial thrombus during percutaneous mitral valve edge-to-edge repair
induced by acute reduction of mitral regurgitation. J Cardiol Cases. (2017)
17:33-5. doi: 10.1016/j.jccase.2017.09.001

. Orban M, Braun D, Sonne C, Orban M, Thaler R, Grebmer C, et al. Dangerous

liaison: successful percutaneous edge-to-edge mitral valve repair in patients
with end-stage systolic heart failure can cause left ventricular thrombus
formation. Eurolntervention. (2014) 10:253-9 doi: 10.4244/EIJV1012A41

Eng MH, Greenbaum A, Wang DD, Wyman J, Arjomand H, Yadav
P, et al. Thrombotic valvular dysfunction with transcatheter mitral
interventions for postsurgical failures. Catheter Cardiovasc Interv. (2017)
90:321-8. doi: 10.1002/ccd.26909

Puvimanasinghe JP, Steyerberg EW, Takkenberg JJ, Eijkemans M]J, van
Herwerden LA, Bogers AJ, et al. Prognosis after aortic valve replacement
with a bioprosthesis: predictions based on meta-analysis and microsimulation.
Circulation. (2001) 103:1535-41. doi: 10.1161/01.CIR.103.11.1535

Zoghbi WA, Chambers JB, Dumesnil JG, Foster E, Gottdiener JS, Grayburn
PA, et al. Recommendations for evaluation of prosthetic valves with
echocardiography and doppler ultrasound: a report from the American
society of echocardiography’s guidelines and standards committee and
the task force on prosthetic valves, developed in conjunction with the
American college of cardiology cardiovascular imaging committee, cardiac
imaging committee of the American heart association, the European
association of echocardiography, a registered branch of the European
society of cardiology, the Japanese society of echocardiography and
the Canadian society of echocardiography, endorsed by the American
college of cardiology foundation, American heart association, European
association of echocardiography, a registered branch of the European society
of cardiology, the Japanese society of echocardiography, and Canadian
society of echocardiography. | Am Soc Echocardiogr. (2009) 22:975-
1014. doi: 10.1016/j.ech0.2009.07.013

Lim WY, Lloyd G, Bhattacharyya S. Mechanical and surgical
bioprosthetic valve thrombosis. Heart. (2017) 103:1934-
41. doi: 10.1136/heartjnl-2017-311856

Egbe AC, Pislaru SV, Pellikka PA, Poterucha JT, Schaff HV, Maleszewski
JJ, et al. Bioprosthetic valve thrombosis versus structural failure: clinical
and echocardiographic predictors. ] Am Coll Cardiol. (2015) 66:2285-
94. doi: 10.1016/j.jacc.2015.09.022

Latib A, Naganuma T, Abdel-Wahab M, Danenberg H, Cota
L, Barbanti M, et al. Treatment and clinical outcomes of
transcatheter heart valve thrombosis. Circ Cardiovasc Interv. (2015)
8:¢001779. doi: 10.1161/CIRCINTERVENTIONS.114.001779

Jose J, Sulimov D, El-Mawardy M, Sato T, Allali A, Becker B, et al.
Clinical bioprosthetic heart valve thrombosis after transcatheter aortic valve
replacement. Incidence, characteristics, and treatment outcomes. ] Am Coll
Cardiol Cardiovasc Interv. (2017) 10:686-97. doi: 10.1016/j.jcin.2017.01.045
Vollema EM, Kong WKE, Katsanos S, Kamperidis V, van Rosendael PJ, van der
Kley E et al. Transcatheter aortic valve thrombosis: the relation between hypo-
attenuated leaflet thickening, abnormal valve haemodynamics, and stroke. Eur
HJ. (2017) 38:1207-7. doi: 10.1093/eurheartj/ehx031

Hansson NC, Grove EL, Andersen HR, Leipsic ], Mathiassen ON, Jensen
JM, et al. Transcatheter aortic valve thrombosis. Incidence, predisposing
factors and clinical implications. ] Am Coll Card. (2016) 68:1059-
69. doi: 10.1016/j.jacc.2016.08.010

Rosseel L, De Backer O, Sendergaard L. Clinical valve thrombosis
and subclinical leaflet thrombosis following transcatheter aortic valve
replacement: is there a need for a patient-tailored antithrombotic therapy?
Front Cardiovasc Med. (2019) 6:44. doi: 10.3389/fcvm.2019.00044

Sorajja P, Moat N, Badhwar V, Walters D, Paone G, Bethea B, et al. Initial
feasibility study of a new transcatheter mitral prosthesis: the first 100 patients.
J Am Coll Cardiol. (2019) 73:1250-60. doi: 10.1016/j.jacc.2018.12.066

Bapat V, Rajagopal V, Meduri C, Farivar RS, Walton A, Duffy §J, et al.
Early experience with new transcatheter mitral valve replacement. ] Am Coll
Cardiol. (2018) 71:12-21. doi: 10.1016/j.jacc.2017.10.061

Cheung A. Transapical neovasc: tIARA. In: Paper presented at: PCR London
Valves; September 11, 2018. London (2018).

23. Regueiro A, Ye ], Fam N, Bapat VN, Dagenais F Peterson MD,
et al. 2-year outcomes after transcatheter mitral valve replacement.
JACC  Cardiovasc  Interv. (2017) 10:1671-8. doi:  10.1016/j.jcin.
2017.05.032

24. Yoon SH, Whisenant BK, Bleiziffer S, Delgado V, Dhoble A, Schofer N,
et al. Outcomes of transcatheter mitral valve replacement for degenerated
bioprostheses, failed annuloplasty rings, and mitral annular calcification. Eur
Heart J. (2019) 40:441-51. doi: 10.1093/eurheartj/ehy590

25. Urena M, Brochet E, Lecomte M, Kerneis C, Carrasco JL, Ghodbane W, et
al. Clinical and haemodynamic outcomes of balloon-expandable transcatheter
mitral valve implantation: a 7-year experience. Eur Heart J. (2018) 39:2679-
89. doi: 10.1093/eurheartj/ehy271

26. Pagnesi M, Moroni F, Beneduce A, Giannini F, Colombo A, Weisz
G, et al. Thrombotic risk and antithrombotic strategies after
transcatheter mitral valve replacement. JACC Cardiovasc Interv. (2019)
12:2388-401. doi: 10.1016/j.jcin.2019.07.055

27. Abramowitz Y, Jilathawi H, Chakravarty T, Mack M]J, Makkar
RR. Mitral annulus calcification. J Am Coll Cardiol. (2015)
66:1934-41. doi: 10.1016/j.jacc.2015.08.872

28. Guerrero M, Urena M, Himbert D, Wang DD, Eleid M, Kodali S, et al.
1-year outcomes of transcatheter mitral valve replacement in patients with
severe mitral annular calcification. ] Am Coll Cardiol. (2018) 71:1841-
53. doi: 10.1016/j.jacc.2018.02.054

29. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd,
Fleisher LA, et al. 2017 AHA/ACC focused update of the 2014 AHA/ACC
guideline for the management of patients with valvular heart disease: a
report of the American college of cardiology/American heart association
task force on clinical practice guidelines. Circulation. (2017) 135:e1159-
95. doi: 10.1161/CIR.0000000000000503

30. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017
ESC/EACTS guidelines for the management of valvular heart disease. Eur
Heart J. (2017) 38:2739-91. doi: 10.5603/KP.2018.0013

31. Muller DWM, Farivar RS, Jansz P, Bae R, Walters D, Clarke A, et al.
Transcatheter mitral valve replacement for patients with symptomatic mitral
regurgitation: a Global feasibility trial. ] Am Coll Cardiol. (2017) 69:381-
91. doi: 10.1016/j.jacc.2016.10.068

32. Russo V, Attena E, Mazzone C, Esposito F Parisi V, Bancone C, et al.
Nonvitamin k antagonist oral anticoagulants use in patients with atrial
fibrillation and bioprosthetic heart valves/prior surgical valve repair: a
multicenter clinical practice experience. Semin Thromb Hemost. (2018)
44:364-9. doi: 10.1055/s-0037-1615261

33. De Caterina R, Renda G, Carnicelli AP, Nordio F Trevisan M, Mercuri
ME et al. Valvular heart disease patients on edoxaban or warfarin in
the eNGAGE aF-TIMI 48 trial. ] Am Coll Cardiol. (2017) 69:1372-
82. doi: 10.1016/j.jacc.2016.12.031

34. Guimarées PO, Pokorney SD, Lopes RD, Wojdyla DM, Gersh BJ, Giczewska
A, et al. Efficacy and safety of apixaban vs warfarin in patients with
atrial fibrillation and prior bioprosthetic valve replacement or valve
repair: insights from the ARISTOTLE trial. Clin Cardiol. (2019) 42:568-
71. doi: 10.1002/clc.23178

35. Ueyama H, Kuno T, Ando T, Briasoulis A, Fox ], Hayashida K, et al. Meta-
analysis comparing direct oral anticoagulants versus vitamin k Antagonists
after transcatheter aortic valve implantation. Am J Cardiol. (2020) 125:1102-
7. doi: 10.1016/j.amjcard.2019.12.039

36. Oveissi F, Naficy S, Lee A, Winlaw DS, Dehghani F. Materials and
manufacturing perspectives in engineering heart valves: a review. Mater Today
Bio. (2019) 5:100038. doi: 10.1016/j.mtbio.2019.100038

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ascione and Denti. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 621258


https://doi.org/10.1055/s-0039-1694751
https://doi.org/10.1016/j.jccase.2017.09.001
https://doi.org/10.4244/EIJV10I2A41
https://doi.org/10.1002/ccd.26909
https://doi.org/10.1161/01.CIR.103.11.1535
https://doi.org/10.1016/j.echo.2009.07.013
https://doi.org/10.1136/heartjnl-2017-311856
https://doi.org/10.1016/j.jacc.2015.09.022
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001779
https://doi.org/10.1016/j.jcin.2017.01.045
https://doi.org/10.1093/eurheartj/ehx031
https://doi.org/10.1016/j.jacc.2016.08.010
https://doi.org/10.3389/fcvm.2019.00044
https://doi.org/10.1016/j.jacc.2018.12.066
https://doi.org/10.1016/j.jacc.2017.10.061
https://doi.org/10.1016/j.jcin.2017.05.032
https://doi.org/10.1093/eurheartj/ehy590
https://doi.org/10.1093/eurheartj/ehy271
https://doi.org/10.1016/j.jcin.2019.07.055
https://doi.org/10.1016/j.jacc.2015.08.872
https://doi.org/10.1016/j.jacc.2018.02.054
https://doi.org/10.1161/CIR.0000000000000503
https://doi.org/10.5603/KP.2018.0013
https://doi.org/10.1016/j.jacc.2016.10.068
https://doi.org/10.1055/s-0037-1615261
https://doi.org/10.1016/j.jacc.2016.12.031
https://doi.org/10.1002/clc.23178
https://doi.org/10.1016/j.amjcard.2019.12.039
https://doi.org/10.1016/j.mtbio.2019.100038
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Transcatheter Mitral Valve Replacement and Thrombosis: A Review
	Introduction
	Prosthetic Valve Thrombosis
	Pathophysiology of Prosthetic Valve Thrombosis
	Clinical Presentation of Valve Thrombosis
	Valve Thrombosis Diagnostic Tools

	Bioprosthesis and Thromboembolic Risk
	Thrombotic Risk After Surgical Mitral Valve Replacement
	Thrombotic Risk After TAVR
	Thrombotic Risk After TMVR

	Antithrombotic Options After TMVR
	Current Limitations and Future Directions
	Conclusions
	Author Contributions
	Acknowledgments
	References


