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Introduction

Antithrombotic therapy is administered in patients with 
bioprosthetic valves in order to prevent thromboembolic 
events and leaflet degeneration. Several randomized controlled 
trials (RCT) suggest that the optimal antithrombotic therapy 

for transcatheter aortic valve replacement (TAVR) of a 
native aortic valve is single antiplatelet therapy (SAPT) 
(1-3), provided that anticoagulation or dual antiplatelet 
(DAPT) therapy is not required for other reasons. Although 
the American College of Cardiology/American Heart 
Association (ACC/AHA) guidelines recommend the use 
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of aspirin (4), it remains to be clarified whether aspirin or 
P2Y12 inhibitors, namely clopidogrel, are superior in these 
patients. For patients who require oral anticoagulation 
(OAC), a single anticoagulant agent appears to suffice (4,5).

Much less is known however when TAVR is performed 
in the aortic or mitral position in order to treat an existing, 
degenerated bioprosthesis [valve-in-valve-TAVR (ViV-
TAVR) and ViV-transcatheter mitral valve replacement 
(ViV-TMVR) respectively]. The presence of extra 
bioprosthetic material as well as typically the smaller 
bioprosthesis size and higher gradients may predispose 
to higher rates of thromboembolic events and leaflet 
degeneration (6-10). Although the optimal antithrombotic 
strategy has not been adequately studied, these patients may 
benefit from DAPT or OAC. The aim of this review is to 
summarize technical considerations and discuss outcomes 
in relation to antithrombotic therapy after ViV-TAVR and 
ViV-TMVR. 

ViV-TAVR leaflet thrombosis and related 
outcomes

Much of the information regarding outcomes of ViV-TAVR 
comes from retrospective databases (11-15), dedicated 
registries and/or subanalyses of native TAVR RCTs such 

as the Valve-in-Valve International Data (VIVID), the 
Transcatheter Valve Therapy (TVT), and the Placement of 
Aortic Transcatheter Valves (PARTNER) 2 ViV (6-8).

ViV-TAVR has been associated with increased residual 
mean valvular gradients ranging from ~15 to 20 mmHg 
(6-8), and with an increased incidence of hemodynamic 
valvular deterioration (defined as increase in mean valvular 
gradients >10 mmHg) (16,17) (Table 1). In comparison, 
mean valvular gradients following native TAVR range from 
~8 to 12 mmHg depending on TAVR platform and size 
(6,22). It is important to note that patients with small native 
annuli who receive small prosthesis at the time of index 
surgical aortic valve replacement (SAVR) are predisposed 
to prosthesis-patient mismatch (PPM; defined as effective 
orifice area <0.65 cm2/m2 when severe) (23). Therefore, 
upfront surgical root enlargement or redo SAVR could 
avoid worsening hemodynamics associated with ViV-TAVR. 

Leaflet thrombosis has been described as one of the 
major underlying mechanisms of hemodynamic valve 
deterioration (16). Due to the nature of a ViV procedure, 
neo-sinuses between the leaflets of the new transcatheter 
heart valve (THV) and the stent frame of the surgical 
bioprosthesis are formed leading to additional areas of  
stasis (20). The location of the neo-sinuses is shown in 
Figure 1 (20). Clinical valvular thrombosis, shown in Figure 2  

Table 1 Technical/anatomical and clinical risk factors for clinical valvular thrombosis and valve degeneration following aortic valve replacement

Type of risk factors TAVR SAVR ViV-TAVR

Technical/anatomical 
(reference)

THV size ≤23 mm (16,17)a PPM (18)a Porcine tissue valve (9)b

ViV procedure (16,17,19)a,b Porcine tissue valve (18)a Decreased ratio of true ID/BSA (9)b

Severe PPM (17)a Decreased ratio true ID/label size (9)b

Mean AV gradient (17)a Additional areas of stasis  
(neo-sinuses) (20)a,b

Use of balloon-expandable valve (21)b Increased residual valvular gradientsa,b 

Increased amount of excess tissuea,b

Clinical (reference) Increased BMI (16,17,21)a,b HTN (18)a Increased BSA (9)b

Severe COPD (17)a Creatinine >2.1 mg/dL  
at follow-up (18)a

Previous stroke (9)b

No anticoagulation at discharge (16)a

Factor Xa inhibitor only at discharge (17)a

Antiplatelet therapy alone at discharge (21)b

a, valve degeneration; b, clinical valvular thrombosis. TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve 
replacement; ViV, valve-in-valve; THV, transcatheter heart valve; PPM, patient-prosthesis mismatch; ID, inner diameter; BSA, body surface 
area; AV, aortic valve; BMI, body mass index; HTN, hypertension; COPD, chronic obstructive pulmonary disease.
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in a symptomatic patient, is a serious complication after 
ViV-TAVR (9,10,21). It is defined as valve dysfunction 
(residual mean valvular gradient >20 mmHg, aortic valve 
area <1.2 cm2, or new-onset valvular regurgitation more 
than mild) presenting secondary to thrombosis. Thrombosis 
is diagnosed based on imaging including transesophageal 
echocardiography (TEE) and four-dimensional computed 
tomography (4D-CT), often as a mobile mass attached to 
the leaflet characteristic of a thrombus in the absence of 
infection and based on its response to OAC (9). Analysis of 

the VIVID registry showed an incidence of clinical valvular 
thrombosis of 7.6% (9), which is markedly higher compared 
to an incidence of 0.61% in native TAVR (19). Moreover, 
failing surgical stented porcine bioprosthesis showed a 
higher risk of clinical valvular thrombosis compared to 
other valve types which was consistent with previous reports 
(9,21,24). Monitoring of valvular gradients is crucial to 
detect any gradual or sudden increases which could be 
indicative of leaflet thrombosis (9). The frequency of clinical 
valvular thrombosis in ViV-TAVR patients using direct oral 
anticoagulants (DOACs) or vitamin K antagonists (VKAs) 
was ~1% compared to 11% in patients not on an OAC (9).  
Figure 3 shows a representative case of clinical valvular 
thrombosis after ViV-TAVR and its resolution with the use 
of a VKA (9).

In addition to technical/anatomical risk factors, clinical 
characteristics have also been associated with the incidence 
of clinical valvular thrombosis and valve degeneration 
following bioprosthetic aortic valve (BAV) replacement 
(Table 1). An increased body mass index (BMI) has been 
shown to be a risk factor for both (16,17,21). Additionally, 
the presence of severe chronic obstructive pulmonary 
disease (COPD), hypertension, and elevated creatinine at 
follow-up have been associated with an increased rate of 
valvular degeneration (17,18). In a study comparing patients 
who developed clinical valvular thrombosis vs. patients who 
did not after ViV-TAVR, an increased body surface area 
(BSA) and an increased rate of stroke in the past medical 
history was shown in the thrombosis group (9). 

In addition, TAVR has been associated with higher 

Figure 1 A neo-sinus forms between the leaflet of the new 
transcatheter aortic valve and the stent frame of the failing surgical 
valve (red circle) producing additional areas of stasis subsequently 
increasing the risk of valvular thrombosis. Reprinted with 
permission from Hatoum et al. (20).

Neo-sinus

Figure 2 Clinical valvular thrombosis presents as hypoattenuation on multidetector computer tomography imaging (left). In 
correspondence, the thrombosis can be seen on the right leaflet of the explanted transcatheter aortic valve bioprosthesis (right). Reprinted 
with permission from Aktuerk et al. (10). 
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rates of subclinical valvular thrombosis (25-27). This 
is characterized by the occurrence of hypoattenuated 
leaflet thickening (HALT), graded based on the extent 
to which the leaflets are affected (Grade 0: 0%; Grade 1:  
≤25%; Grade 2: 26% to 50%; Grade 3: 51% to 75%; 
Grade 4: >75%) and/or reduced leaflet motion (RLM), 
classified based on the extent of leaflet mobility [Grade 
0: unrestricted; Grade 1: minimally restricted (<30%);  
Grade 2: mildly restricted (30% to 50%); Grade 3: 
moderately restricted (51% to 70%); Grade 4 (>70%)] 
as assessed by 4D cardiac computed tomography (25). 
According to the PARTNER 3 CT substudy, the rate of 
HALT after TAVR (13%) was significantly higher compared 
to SAVR (5%) within 30 days, with no difference at the 
one year follow up (27). Furthermore, the ATLANTIS-
4D-CT substudy reported a numerically increased rate 
of ischemic events, a composite of death, myocardial 
infarction, stroke, and peripheral embolism, in patients 
with (10.7%) compared to patients without (7.1%) grade 3 
or 4 HALT and/or RLM within 90 days (25). Even though 
the consequences of and the necessity to treat subclinical 
valvular thrombosis remain a topic of debate, the use of 
DOACs has been shown to potentially reduce subclinical 
valvular thrombosis compared to antiplatelet therapy alone 
after TAVR (25,26). 

Patients with a clinical valvular thrombosis after ViV-
TAVR have an increased rate of major stroke of 4.8% 

compared to patients without valvular thrombosis with a 
rate of 1.1% within 30 days following the procedure (9). 
Despite the higher risk of valve thrombosis, the overall rates 
of postprocedural stroke after ViV-TAVR do not appear to 
be higher compared to native TAVR. Stroke within 30 days  
and one year after ViV-TAVR ranged from 1.7% to 2.5% 
and 3.2% to 4.5%, respectively (6-8). In comparison, 
the rates of stroke following native TAVR within 30 days 
and one year in patients with similar Society of Thoracic 
Surgeons (STS) risk profiles from the PARTNER 2 trial 
were 5.5% and 8.0%, respectively (22). Figure 4 summarizes 
the rate of stroke within 30 days and one year following 
native TAVR in high- and intermediate-risk patients (28-31). 
In the TVT registry rates of stroke after native TAVR were 
3.0% and 5.0%, compared to 1.7% and 3.2% following 
ViV-TAVR within 30 days and one year, respectively (7). A 
recent update from the PARTNER 2 ViV registry reported 
a five-year follow-up with a stroke rate of 10.5% (6). In 
contrast, the rate of stroke within five years in patients who 
underwent native TAVR was 15.3% (32). 

Overall mortality within 30 days and one year was 2.7% 
and 11.8% in the PARTNER 2 ViV and continued access 
registry (6), 2.9% and 11.7% in the TVT registry (7), and 
7.6% and 16.8% in the VIVID registry (8). In contrast, 
overall mortality within 30 days and one year following 
native TAVR ranged from 3.9% to 4.8% and 12.3% to 
21.2%, respectively (7,32). Figure 4 shows a summary of all-

Figure 3 Multidetector computer tomography imaging showing the presence of clinical valvular thrombosis at the time of diagnosis after 
valve-in-valve transcatheter aortic valve replacement in short-axis (left) and long-axis (middle) view. In the long-axis view, the thrombus 
originating from the neo-sinus between the leaflets of the transcatheter bioprosthesis and the stent frame of the surgical bioprosthesis can be 
seen (arrows). Subsequent OAC treatment with a vitamin K antagonist for a time period of months shows complete resolution of the clinical 
valvular thrombosis (right). Reprinted with permission from Abdel-Wahab et al. (9). CVT, clinical valvular thrombosis; VKA, vitamin K 
antagonist; OAC, oral anticoagulation.

At the time of CVT diagnosis After 1 month of VKA
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cause and cardiovascular mortality within 30 days and one 
year following native TAVR in high- and intermediate-risk 
patients. In the VIVID registry, predictors of early mortality 
(≤30 days) were small surgical BAV (label inner diameter 
≤21 mm), and predictors of late mortality (≤1 year) were 
baseline surgical bioprosthesis stenosis, emergent or salvage 
TAVR, creatinine >2 mg/dL or dialysis, nonfemoral access, 
anemia, and low platelet count (7,8). Studies reporting long-
term outcomes after ViV-TAVR are limited. In the five-
year follow-up from the PARTNER 2 ViV registry overall 
mortality was 50.6% with independent predictors including 
male sex, STS score, and small implanted THV (SAPIEN 
XT size 23 vs. 26 mm) (6). Following native TAVR, overall 
mortality after five years was 46.0% (32). Risk factors 
associated with decreased long-term survival after ViV-
TAVR included smaller surgical BAVs (true inner diameter 
≤20 mm), non-transfemoral access, age, lower baseline left 
ventricular ejection fraction (LVEF), chronic kidney disease 
(CKD), and diabetes mellitus (33). 

Anticoagulation considerations

The higher rates of clinical valvular thrombosis after ViV-
TAVR suggest that a more aggressive antithrombotic 
regimen may be useful in these patients. An analysis of 
the VIVID registry compared patients who developed 
clinical valvular thrombosis vs. those who did not after  
ViV-TAVR (9). The rate of clinical valvular thrombosis 
in ViV-TAVR patients using DOACs or VKAs was ~1% 
compared to 11% in patients not on an OAC (9). In the no 

thrombosis group, OAC was used in 35.2% [VKA in 29.7%; 
non-vitamin K antagonist oral anticoagulant (NOAC) in 
5.5%] and antiplatelet therapy (SAPT or DAPT) was used 
in 63.4% of patients (9). In contrast, only 4.3% (VKA in all) 
of patients received OAC and 95.7% of patients received 
antiplatelet therapy (SAPT or DAPT) in the thrombosis 
group (9). The incidence of postprocedural stroke was 
significantly decreased in the no thrombosis group with 
1.1% compared to the thrombosis group with 4.8% (9). 
Another study comparing ViV-TAVR and native TAVR 
regarding the risk of coronary obstruction, reported the 
use of either antiplatelet therapy or OAC (34). In the ViV-
TAVR group, 76.0% of patients received SAPT (aspirin in 
52.7%; P2Y12 inhibitor in 23.3%) and only 6.2% of patients 
received OAC (34). Similarly, in the native TAVR group, 
SAPT was used in 64.4% (aspirin in 45.0%; P2Y12 inhibitor  
in 19.4%) and OAC was used in 5.4% of patients (34).

However, data remains limited and current clinical 
guidelines only include antithrombotic recommendations 
for native TAVR without a specific protocol for ViV-
TAVR (4,5). Several RCTs have demonstrated that OAC is 
associated with worse clinical outcomes compared to SAPT 
or DAPT in patients undergoing native TAVR without 
other indications for OAC (35-37). When OAC is required, 
DOACs may be superior to VKAs (38,39). Current 
guidelines for native TAVR recommend SAPT and OAC 
therapy for patients without and with other indications 
for OAC, respectively (4,5). Both the ACC/AHA and the 
European Society for Cardiology/European Association 
for Cardiothoracic Surgery (ESC/EACTS) guidelines are 

Figure 4 Rate of major outcomes including all-cause mortality, cardiovascular mortality, and stroke within 30 days (left) and one year (right) 
following native transcatheter aortic valve replacement in high- and intermediate-risk patients (22,28-31).
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shown in detail in Table 2 (4,5). The applicability of these 
guidelines to ViV-TAVR is unclear and there are important 
factors that need to be considered when choosing the 
optimal antithrombotic therapy. So far, this procedure is 
only performed in high-risk patients who are usually at an 
advanced age and often have multiple comorbidities (40). 
Also, the risk of valvular thrombosis and its implications 
on BAV durability and patient survival are critical factors 
impacting the ideal antithrombotic treatment (9). 

ViV-TMVR leaflet thrombosis and related 
outcomes

Similar to ViV-TAVR, most of the current data on ViV-
TMVR is derived from retrospective series and analyses of 
large registries such as VIVID, TVT, and the international 
TMVR (41-46). The ongoing MITRAL trial is the first 

prospective randomized clinical trial investigating the safety 
and feasibility of ViV-TMVR (47).

ViV-TMVR is associated with substantial residual mean 
valvular gradients ranging from 5.6 to 7.3 mmHg (44-46). 
Analysis of the TMVR registry showed an incidence of 
clinical valvular thrombosis of 6.6% vs. 1.6% within one year 
in patients with vs. without OAC therapy, respectively (44).  
Even though the study also included valve-in-ring (ViR)- 
and valve-in-mitral annular calcification (ViMAC)-
TMVR, 90.9% of the thrombosis occurred in ViV-TMVR  
patients (44). Of note, of the patients who suffered from 
clinical valvular thrombosis 90% had a porcine and 10% 
had a pericardial surgical bioprosthetic mitral valve (44). 
An example of clinical valvular thrombosis following ViV-
TMVR is shown in Figure 5 (48).

The rate of postprocedural stroke after ViV-TMVR 
ranged from 1.1% to 2.3% within 30 days which did not 

Figure 5 Detection of clinical valvular thrombosis (arrows) with transesophageal echocardiography in a two-chamber view in systole (A) 
and diastole (B) following valve-in-valve transcatheter mitral valve replacement. Additionally, a three-dimensional view in diastole shows the 
thickened leaflets (C). Reprinted with permission from Quick et al. (48). LA, left atrium.

Table 2 Current American and European guidelines for the antithrombotic therapy following transcatheter aortic valve replacement of the native 
aortic valve

Guidelines & year (reference) Recommendations Class/level of evidence

ACC/AHA 2020 (4) Aspirin 75 to 100 mg daily is reasonable in the absence of other indications for OAC IIa/B

For patients who are at low risk of bleeding, DAPT with aspirin 75 to 100 mg and 
clopidogrel 75 mg may be reasonable for 3 to 6 months

IIb/B

For patients who are at low risk of bleeding, OAC with a VKA to achieve an INR of  
2.5 may be reasonable for at least 3 months

IIb/B

ESC/EACTS 2021 (5) Lifelong SAPT is recommended in patients with no baseline indication for OAC I/A

OAC is recommended lifelong for patients who have other indications for OAC I/B

ACC, American College of Cardiology; AHA, American Heart Association; ESC, European Society for Cardiology; EACTS, European 
Association for Cardiothoracic Surgery; OAC, oral anticoagulation; DAPT, dual antiplatelet therapy; VKA, vitamin K antagonist; INR, 
international normalized ratio; SAPT, single antiplatelet therapy. 

A B C
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markedly increase at one year reaching 3.3% (44-46). In the 
ongoing MITRAL trial, the rates of postprocedural stroke 
within 30 days and one year after ViV-TMVR was 3.3% 
and 6.7%, respectively, with no additional cerebrovascular 
events reported at two years (47). In contrast, 3.3% of 
patients who underwent a redo SMVR suffered a stroke (49).  
Moreover, the rates of postprocedural stroke within 30 days  
and one year after native TAVR were 5.5% and 8.0%, 
respectively, in the PARTNER 2 trial and 3.0% and 5.0%, 
respectively, in the TVT registry (7,22).

Overall mortality at 30 days and one year was 6.2% and 
14% in the TMVR registry (44), 6.5% and 13.8% in the 
VIVID registry (45), and 5.4% and 16.7% in the TVT 
registry (46). In the MITRAL trial overall mortality was 
3.3% within 30 days and one year and 6.7% at two-year 
follow-up (47). In comparison, overall mortality within  
30 days and one year after redo SMVR was 3.4% and 11.9%, 
respectively, and after native TAVR it ranged from 3.9% to 
4.8% and 12.3% to 21.2%, respectively (7,32,49). Functional 
status and quality of life increased substantially and remained 
stable until the end of the follow-up period (47); 85.2% of 
patients were New York Heart Association (NYHA) class I 
or II at two years compared to 80% of patients in NYHA 
class III or IV at baseline (47). Data regarding long-term 
outcomes after ViV-TMVR are still very limited. Currently 
the analysis of the VIVID registry presents the longest 
follow-up with four years (45). Overall mortality was 37.5% 
with independent predictors including age, NYHA class IV, 
baseline pulmonary artery systolic pressure, chronic lung 
disease, and CKD (45). 

Anticoagulation considerations

A low rate of clinical valvular thrombosis at one year (0.5%) 
was reported in a study of the TVT registry where most 
patients (80.8%) were discharged on OAC (46). These 
results suggest the potential value of postprocedural OAC 
also after ViV-TMVR. However, evidence regarding 
antithrombotic therapy after dedicated TMVR is limited 
and clinical trials investigating DOACs in transcatheter 
treatment of structural heart disease are mainly limited to 
TAVR. With a comparable risk of postprocedural stroke 
in ViV-TMVR compared to ViV-TAVR and a seemingly 
increased risk of valvular thrombosis with biological 
prosthesis in mitral vs. aortic position (50,51), results 
from clinical trials regarding TAVR should be considered. 
Moreover, a large proportion of patients undergoing ViV-
TMVR suffer from atrial fibrillation (43,44). Therefore, 

DOACs, especially apixaban, might be useful in patients 
undergoing this procedure. In addition, the recently 
conducted RIVER trial investigated the use of rivaroxaban 
compared to warfarin in patients with a bioprosthetic 
mitral valve and atrial fibrillation (52). The results showed 
non-inferiority of rivaroxaban in respect to the time to 
occurrence of major cardiovascular events, death, and 
major bleeding at twelve months (52). Based on the early 
termination of the GALILEO trial, low-dose rivaroxaban 
together with aspirin is not recommended in patients 
with BAVs (4). However, at the dose of 20 mg used in the 
RIVER trial and in the setting of atrial fibrillation it might 
be useful after mitral valve replacement.

Current guidelines for antithrombotic therapy after 
mitral valve replacement are only based on surgical mitral 
valve replacement without specific protocols for TMVR 
and specific recommendations for ViV-TMVR are lacking 
(4,5). The ACC/AHA guidelines recommend SAPT and 
the ESC/EACTS recommend OAC therapy for patients 
without and both guidelines recommend OAC therapy 
for patients with other indications for OAC treatment 
(4,5). The detailed recommendations of both guidelines 
for surgical mitral valve replacement are shown in Table 3  
(4,5). The extent to which these guidelines can be used in the 
setting of ViV-TMVR and how they need to be potentially 
modified has not been clarified. As for ViV-TAVR,  
the patient population undergoing this procedure consists 
mainly of older patients who suffer from multiple 
comorbidities (53). Additionally, valvular hemodynamics 
and the risk of thrombosis have important implications on 
the ideal antithrombotic treatment strategy (54).

Anticoagulation and bleeding complications

While a more aggressive antithrombotic strategy may 
mitigate the risk of clinical valvular thrombosis and stroke 
following ViV-TAVR and ViV-TMVR, it also increases the 
risk of bleeding. This is well known from the use of OAC 
and additional clopidogrel among patients that undergo 
native TAVR. Among patients that underwent native 
TAVR in the large GALILEO trial, the rate of major, life-
threatening, or disabling bleeding within one year among 
patients with no other indication for OAC was 5.8% with 
OAC (rivaroxaban) vs. 3.9% with SAPT (aspirin). Aspirin or 
clopidogrel was used in each group, respectively, as a second 
agent for the first three months after TAVR (37). In fact, the 
primary outcome of death or a first thromboembolic event 
was higher in the OAC group and the trial was prematurely 
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terminated. Similar results were noted in the second stratum 
of the ATLANTIS trial (35). Together, these results indicate 
that routine OAC should not be administered in all patients 
after native TAVR that have no other indication for OAC. 
Similarly, the addition of clopidogrel among patients who 
receive OAC resulted in more frequent serious bleeding in 
the POPULAR TAVI trial (3). Finally, subanalyses of large 
trials on native TAVR that were not powered for bleeding 
complication indicate similar findings (32).

Among patients who undergo ViV-TAVR, there are no 
dedicated RCTs that were powered to compare bleeding 
rates with additional antithrombotic agents. However, 
the risk of bleeding with additional antithrombotic agents 
can be expected to increase. The key point is whether 
this counteracts the risk of thrombosis and prosthesis 
degeneration. In the analysis of the VIVID registry, patients 
who developed clinical valvular thrombosis had lower rates 
of major bleeding vs. those who did not develop thrombosis 
but were more frequently on OAC (0% vs. 3.3% of patients, 
respectively) (9). Of note, the specific antithrombotic 
medication used in the patients who had a bleeding 
complication was not reported.

It is important to note that an advantage of DOACs 
is that blood level monitoring is not required. However, 
if patients develop thrombosis on DOACs, switching 
to a VKA with international normalized ratio (INR) 
monitoring might be needed. The risk of bleeding may 
not be significantly different when using DOAC vs. VKA, 
according to the ATLANTIS trial (35) but other data 
suggest higher rates of bleeding in non-TAVR settings. 
Finally, the risk of bleeding may not be different when 
DOAC vs. DAPT is used according to the ADAPT-TAVR 
trial (36).

Conclusions

Whereas clinical thrombosis can occur more frequently 
after ViV-TAVR or ViV-TMVR compared to replacement 
of native valves, the optimal antithrombotic treatment 
strategy following these procedures remains an area of 
debate. Retrospective registry analyses suggest that OAC 
can reduce the risk of valvular thrombosis. This benefit 
though has to be balanced with the risk of bleeding. Clinical 
trials including patients undergoing ViV-TAVR and ViV-
TMVR are needed to determine the applicability of these 
results to these procedures. 
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