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Interventions for valvular and structural heart diseases 
are rapidly expanding. Currently percutaneous approach 
represents the standard of care in specific subsets of patients 
as those with high operative risk for traditional open 
surgery (1). However, these procedures are burdened by 
a significant risk of embolic complications, such as stroke 
and myocardial infarction. Thus, antithrombotic therapy 
represents the cornerstone of adjunctive pharmacologic 
therapy although type and doses of antiplatelet agents 
remain mostly empiric for these indications. Of course, 
there is also a downside. Patients with structural heart 
diseases undergoing percutaneous procedures are 
predisposed to a high bleeding risk, because of specific 
procedural questions, such as vascular access from larger 
devices, but also of their co-morbidities and frailty. Thus, 
in this setting, the delicate balance between thrombotic and 
bleeding risk is crucial. 

Transcatheter aortic valve implantation (TAVI)

Thromboembolic risk 

TAVI represents the standard of care in elderly patients with 
high operative risk and an alternative to surgery in those 
with severe aortic stenosis at intermediate-to-high risk (1-4).  
Although this relative new therapeutic strategy has been 
associated with high procedural success, the occurrence of 
embolic complications, and in particular cerebrovascular 
events (CVEs), has emerged as an important concern. In 
the Placement of Aortic Transcatheter Valves (PARTNER) 
Trial, the incidence of stroke was higher in the TAVI 
group compared with patients receiving surgery at 1 
year follow-up (5.1% vs. 2.4%, P=0.07) (5). Moreover, 
several magnetic resonance imaging studies have shown 
a significant incidence of new, clinically silent, cerebral 
ischemic lesions after TAVI, ranging from 68% to 86% 
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(6-8). Fortunately, the risk of CVEs has declined over the 
years with increased operator experience and advancements 
in valve technology. In a recent report from the Society 
of Thoracic Surgeons/American College of Cardiology 
Transcatheter Valve Therapies Registry, the rate of stroke 
was 2.5% at 30 days and 4.1% at 1 year (9). Therefore, 
the all-comers German Aortic Valve Registry reported an 
incidence of stroke of 1.5% in a cohort of 15,964 patients 
receiving TAVI from 2011 to 2013 (10). Importantly, CVEs 
greatly worsen prognosis of patients undergoing TAVI. 
Major stroke has been demonstrated to be an independent 
predictor of mortality at 30 days (OR 7.43; 95% CI, 2.45–
22.53; P=0.001) and on long-term follow-up (HR 1.75; 
95% CI, 1.01–3.04; P=0.043) (11). A meta-analysis of 53 
studies confirmed a significantly higher 30-day mortality 
in patients with post-procedural stroke (25.5%) compared 
with those without this complication (6.9%) (P=0.001) (12). 
Considering the relevant adverse clinical impact of CVEs 
in this setting, it is obvious that their prevention is even 
more important in younger patients with low-intermediate 
operative risk that could potentially represent the next 
beneficiaries of the TAVI strategy. 

Thromboembolic complications may occur during or 
after TAVI, either in the first 48 h or during long-term 
follow-up, with about 90% within 2 months after valve 
implantation (13). Different mechanisms are responsible 
for this temporal pattern. Early events are mainly related to 
embolization from particulate matter during larger caliber 
catheters and devices manipulation across the calcified 
valve leaflets, balloon pre and post-dilation, valve device 
dislodgement/embolization, and air embolism. All these 
phenomena may be exacerbated by hemodynamic instability 
during TAVI procedures that increases hypotension and 
cerebral hypo-perfusion. This is confirmed by transcranial 
doppler studies showing that cerebral emboli can occur 
more frequently during valve prosthesis positioning and 
implantation (7) and by the evidence of heterogeneous 
materials captured by embolic protection devices during 
TAVI (thrombus, fibrin, calcified material, tissue fragments 
from aortic wall and leaflets) (14). Late CVEs may be 
associated with the thrombogenicity of implanted valve 
prosthesis. An anatomopathological study demonstrated 
that f ibrin deposition and inflammatory response 
developed early after Medtronic CoreValve™ implantation, 
followed by neointimal coverage and complete device 
endothelialization at about 3 months (15). Also the damaged 
native valve leaflets, crimped by the new implanted valve, 
and the consequent altered rheology in the paravalvular 

space, may predispose to thrombus formation. Finally, the 
occurrence of new-onset atrial fibrillation (NOAF) was 
associated with a higher rate of stroke/ischemic cerebral 
complications after TAVI (16,17). Nombela-Franco et al.  
evaluated the predictors of acute (<24 h), subacute (>24 h  
and <30 days) and late (>30 days) CVEs in 1,061 patients 
who underwent TAVI (11). According to this analysis, 
mechanical factors such as post-dilation and valve 
dislodgement have been demonstrated as predictors of 
acute events, whereas, NOAF determined mainly the 
events occurring in the subacute phase. Finally, late events 
were associated with a history of chronic atrial fibrillation 
(AF), peripheral vascular disease and prior cerebrovascular  
disease (11). Recently, a systematic review reported that also 
female sex, chronic kidney disease and centre experience 
may predict the occurrence of CVEs at 30-day follow-up 
after TAVI (18).

Bleeding risk 

Bleeding risk remained another important matter to be 
considered in “frail and vulnerable” patients as those with 
severe aortic stenosis and high operative risk requiring 
percutaneous strategy. Généreux et al. reported an incidence 
of life-threatening and major bleeding after TAVI of 15.6% 
and 22.3%, respectively, in a weighted meta-analysis of 16 
studies using Valve Academic Research Consortium (VARC) 
definitions (19). Early bleeding complications are frequently 
related to procedural and technical factors. Major bleedings 
in patients with transfemoral approach were associated with 
increased rate of vascular complications and serious adverse 
events, such as migration or embolization of the prosthesis, 
requiring hemodynamic support (20,21). Also diabetes 
mellitus and renal impairment (glomerular filtration rate 
<30 mL/min) have been demonstrated to be independent 
clinical predictors of bleeding in this population (22,23). 
Importantly, in the PARTNER trial major bleedings within 
30 days were strongly and independently associated with 
1-year mortality in the overall population, both in patients 
undergoing TAVI than those surgically treated (HR 2.49; 
95% CI, 1.85–3.37, P<0.001) (20) and their impact on long 
term outcome was also confirmed in other TAVI series (21).  
However, the earliest experience of percutaneous aortic 
valve replacement was burdened by the use of large 
first-generation delivery systems (22 or 24 French for 
transfemoral approach). The negative impact of these 
large-bore catheters during percutaneous interventions 
has been confirmed in a retrospective analysis from one of 
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the larger insurance US database (24). According to this 
analysis, bleeding complications (defined as any transfusion, 
any hemorrhage or hematoma, or the need for surgical or 
percutaneous intervention to control the bleeding event) 
were associated with a higher adjusted risk of in-hospital 
mortality, longer hospitalization and higher health care 
costs in patients undergoing TAVI or other procedures 
requiring their use (24). Recently, considering the ongoing 
evolution toward lower-profile TAVI devices, the rate of 
bleeding complications has been reduced. The SOURCE 
XT Registry reported an incidence of life-threatening and 
major bleedings of 3.8% and 7.7%, respectively, using the 
balloon expandable Edwards Sapien XTTM with 18 or 19 
French sheaths, confirming the optimal safety profile of 
new generation TAVI devices (25). 

Patients undergoing TAVI have been demonstrated to 
show also late (>30 days) bleeding events; in this setting, 
the specific mechanisms are not clear, probably related to 
the multiple comorbidities and frailty of these patients. 
An analysis from both cohort A and B of the PARTNER 
trial demonstrated that major late bleeding complications 
(between 30 days and 1 year) occurred in about 6% of TAVI 
patients, with gastrointestinal bleeding as the most frequent 
type of bleeding on long-term follow-up (26). Indeed, the 
Heyde’s syndrome is frequently observed in patients with 
severe aortic valve stenosis, characterized by the presence 
of bleeding from gastrointestinal angiodysplasia and an 
acquired von Willebrand factor deficiency (27). Recently, 
the Bern TAVI Registry confirmed that gastrointestinal 
disorders accounted for 9.7% of non-cardiovascular 
hospital readmissions in patients undergoing TAVI (28). 
In this setting, data regarding proton pump inhibitors 
(PPI) use and their benefit in reducing gastrointestinal 
complications in patients on DAPT are limited; however, 
in a recent randomized trial, all patients undergoing TAVI 
and suffering gastrointestinal bleedings were receiving a 
PPI prior to the haemorrhagic event (29). Importantly the 
occurrence of late bleedings was associated with a more 

than 3-fold higher risk of mortality (HR 3.83; 95% CI, 
2.62–5.61, P<0.001) (26); according to the same PARTNER 
analysis, moderate or severe aortic paravalvular leaks at 30 
days, AF or atrial flutter at baselines or 30 days, greater 
left ventricular mass and low baseline hemoglobin were 
identified as independent predictor of major late bleedings 
after TAVI (26). 

Current antithrombotic strategy in patients receiving 
TAVI

The antithrombotic strategy during and after TAVI was 
not clearly established in most of the largest randomized 
trials. In the PARTNER trial, dual antiplatelet therapy 
(DAPT) was suggested for 6 months after the procedure 
and a loading dose of clopidogrel was administered in 
patients not already taking this antiplatelet agent (3). 
In the Medtronic CoreValve US Pivotal Trial, aspirin  
(81–325 mg) indefinitely plus clopidogrel (75 mg) for 
3 months was administered after TAVI (30). A similar 
antiplatelet protocol was proposed in the Comparison of 
Transcatheter Heart Valves in High Risk Patients With 
Severe Aortic Stenosis: Medtronic CoreValve vs. Edwards 
SAPIEN XT (CHOICE) trial (31). Finally, several 
registries about TAVI showed a wide variance in antiplatelet 
strategy. A loading dose of clopidogrel, 300 or 600 mg, was 
not always administered and the duration of DAPT was  
1–6 months also according patients’ bleeding risk (32). 

Current European Society of Cardiology (ESC) 
recommend the use of DAPT with aspirin and clopidogrel 
for 3–6 months, followed by single antiplatelet therapy with 
aspirin alone in patients with no other indication for oral 
anticoagulant therapy (OAC) (Class IIa, C) (Table 1) (1). 
Moreover, ESC guidelines stated that, single antiplatelet 
therapy may be considered after TAVI in the case of high 
bleeding risk (Class IIb, C) (1). Also in a recent focused 
update of the AHA/ACC guidelines, clopidogrel 75 mg 
has been considered reasonable for the first 6 months after 

Table 1 Guidelines recommendations on anti-thrombotic strategy during and after TAVI

TAVI American College of Cardiology (ACC)/American Heart 
Association (AHA)/Society of Thoracic Surgeons (STS)

European Society of Cardiology (ESC)

Procedural Unfractionated heparin (ACT >300 s)

Postprocedural Aspirin 75–100 mg/day indefinitely; Clopidogrel 75 mg/
day for 6 months; if VKA indicated, no clopidogrel

Aspirin or clopidogrel indefinitely; Aspirin and clopidogrel 
early after TAVI; if VKA indicated, no antiplatelet therapy 

ACT, activated clotting time; VKA, vitamin K antagonist; TAVI, transcatheter aortic valve implantation.
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TAVI in addition to lifelong aspirin (75–100 mg) (Class 
IIb, C) (Table 1) (2). Interestingly, this document reported 
that anticoagulation with a vitamin K antagonist (VKA) 
to achieve an INR of 2.5 might be considered for at least 
3 months after TAVI in patients at low risk of bleeding, 
according to recent observational studies investigating the 
role of anticoagulation in the occurrence of prosthesis valve 
thrombosis.

The use of DAPT after TAVI is empirically based 
on prior experience of ischemic complications after 
percutaneous coronary interventions; however, it has not 
been established if thromboembolic complications following 
these two different therapeutic strategies are primarily 
due to similar pathophysiologic mechanisms. Moreover, 
TAVI is associated with a higher incidence of bleeding and 
vascular complications compared with coronary procedures. 
For this reason, several randomized and observational 
studies have recently questioned the usefulness and safety 
of the administration of two antiplatelet agents in patients 
receiving TAVI. 

Antiplatelet therapy before and during the procedure

The use of DAPT before TAVI has been associated 
with significantly higher incidence of bleeding, with no 
additional benefit in reducing thrombotic events; thus, 
a routine strategy of pre-treatment with aspirin and 
clopidogrel is not favorably considered in TAVI patients 
right now. 

The rationale for pre-procedural antiplatelet therapy was 
based on initial TAVI experience to avoid post-procedural 
thrombocytopenia, an expected complication of the use of 
extracorporeal circulation (33). However, recently, Hioki  
et al. reported data from the OCEAN-TAVI registry 
enrolling 540 patients who underwent transfemoral TAVI 
with no pre-procedural antiplatelet therapy, single antiplatelet 
therapy (SAPT) or DAPT before the procedure (34). Pre-
procedural use of antiplatelet agents was usually started 1 
week before the procedure (aspirin 100 mg plus clopidogrel 
75 mg or aspirin only), whereas, all patients were treated 
with antiplatelet therapy 1 day after TAVI. The incidence of 
any bleeding was higher in patients on DAPT at the time of 
the procedure compared with those with no preprocedural 
antiplatelet therapy or SAPT (36.5% vs. 21.3% vs. 27.5%, 
respectively). At the multivariate analysis, DAPT before TAVI 
significantly increased the risk of bleeding complications (OR 
2.30; 95% CI, 1.08–4.90; P=0.031). Notably, on the other 
hand, the lack of pre-procedural antiplatelet therapy or the 

use of a single antiplatelet agent did not increase the risk of 
thrombotic complications compared with DAPT (34). Thus, 
these findings confirmed that, in the modern practice, the 
use of clopidogrel preloading should not be recommended  
before TAVI. 

Post-procedural antiplatelet treatment 

Several observational and randomized trials have recently 
suggested that the addition of clopidogrel to aspirin did 
not improve efficacy in preventing thromboembolic 
complications after TAVI, but significantly reduce the safety 
of these patients with an increase in bleeding events (Table 2)  
(29,35-41). Ussia et al. randomized 79 patients to receive 
DAPT (300 mg loading dose of clopidogrel 1 day before 
TAVI followed by 3-month maintenance daily dose of 75 mg 
plus aspirin 100 mg lifelong) or SAPT (aspirin 100 mg) (35).  
In this study no difference was observed between the two 
strategy groups in the cumulative incidence of major adverse 
cardiac and cerebrovascular complications at 30 days  
and 6 months follow-up. Similar results were observed by 
Stabile et al. in 120 patients randomized to aspirin alone or 
DAPT (clopidogrel 75 mg or ticlopidine 500 mg/die for  
6 months) (36). DAPT was associated with a significant 
increase in the rate of vascular complications and with a 
non-significant higher incidence of bleedings whereas the 
rates of thrombotic events and cardiovascular death were not 
different between the two groups. Recently, no difference 
in the incidence of net adverse clinical events, cardiac 
mortality and CVEs was reported in an observational 
retrospective analysis comparing the clinical outcomes of 
patients discharged in SAPT for clinical reasons (elevated 
bleeding risk) and those on DAPT (40). A similar rate of 
valve thrombosis and bleeding complications requiring 
hospitalization was also observed in both groups (40).  
Furthermore, a patient-level meta-analysis confirmed 
these results suggesting no benefit in reducing thrombotic 
complications associated with DAPT and a trend towards 
less life-threatening and major bleeding with single 
antiplatelet therapy (42). Finally, a strategy of single vs. 
DAPT was compared in the recently published Aspirin vs. 
Aspirin plus Clopidogrel following Transcatheter Aortic 
Valve (ARTE) randomized trial (29). Patients were assigned 
to receive aspirin (80 or 100 mg/day; started at least 24 h 
before TAVI and continued for at least 6 months) or aspirin 
plus clopidogrel. Clopidogrel was started within 24 h before 
the procedure in patients receiving transfemoral approach 
and 24 h after TAVI in those undergoing other approaches. 
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Of note, a loading dose of clopidogrel was administered in 
all patients, followed by 75 mg/day, continued for at least 3 
months. Single antiplatelet therapy significantly decreased 
the incidence of life-threatening/major bleeding at 90-day 
follow-up (3.6% vs. 10.8%, P=0.038), while demonstrating 
s i m i l a r  b e n e f i t  i n  p r e v e n t i n g  t h r o m b o e m b o l i c 
complications. Thus a trend toward a lower incidence of 
the composite end point (death, ischemic and bleeding 
complications) was observed in patients on aspirin alone 
compared with those receiving DAPT. 

On the basis of these findings, the strategy of adding 
clopidogrel to aspirin after successful TAVI seems to be 
not superior and beneficial compared with aspirin alone. 
No data are available on the use of new P2Y12 receptor 
inhibitors (ticagrelor or prasugrel) in addition to aspirin after 
TAVI; however, some on-going experimental studies are 
investigating the efficacy and safety of a single prophylactic 
therapy with ticagrelor compared with traditional DAPT 
in the prevention of embolic complications after TAVI 
(ClinicalTrials.gov; NCT02224066). 

Management of patients with pre-existing or new-onset AF

The prevalence of pre-existing AF among patients 
undergoing TAVI ranges from 16% to 51% (43). Moreover, 
patients receiving TAVI showed also a significant incidence 
of NOAF, up to 30% according to several observational 
studies (16,17). This complication is higher after transapical 
approach. Of note, both pre-existing and new onset AF have 
been associated with worse outcome in TAVI patients (18).  
Despite the relatively common population with pre-
existing or new-onset AF, a subset of patients predisposed 
to both high thrombotic and bleeding risk, the optimal 
antithrombotic strategy in this field has not been clearly 
established. At the moment, a combination of VKA 
and aspirin is generally used, whereas, a triple therapy 
is prescribed only in patients with a strict indication to 
DAPT, such as those with recent percutaneous coronary 
intervention. However, few observational studies have 
specifically investigated this issue. In an observational study 
on 621 patients undergoing TAVI with AF, the addition 
of antiplatelet therapy (aspirin or clopidogrel) conferred 
no clinical benefit to OAC while potentially may be  
harmful (44). No difference was observed in the rate of 
stroke, myocardial infarction and death among patients 
treated with VKA only vs. those receiving anticoagulant 
and antiplatelet agents. However, the incidence of major 
or life-threatening bleedings was significantly higher in 
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this last group (14.8% vs. 5.9%, P=0.02). Interestingly, a 
further sub-analysis including only patients receiving both 
anticoagulant and antiplatelet therapy demonstrated a 
higher risk of major bleedings in the subgroup of patients 
receiving warfarin and aspirin compared with those treated 
with warfarin and clopidogrel (44). Currently, few data 
are available on the use of non-VKA oral anticoagulant 
(NOACs) in patients undergoing TAVI. Seeger et al. 
reported the efficacy and safety of apixaban compared 
with warfarin in patients with AF and TAVI (45). In this 
study, SAPT plus oral anticoagulation was given for 4 
weeks after the procedure (DAPT only after Boston Lotus 
valve implantation). Patients were anticoagulated with 
apixaban (141 patients) or VKA (131 patients). There was a 
significantly lower incidence of 30-day life-threatening and 
major bleeding in patients treated with apixaban compared 
with those on warfarin (3.5% vs. 5.3%, P<0.01) and also 
a tendency toward a reduced stroke rate in this group. 
Undoubtedly, randomized trials specifically enrolling 
patients with AF undergoing TAVI are needed to confirm 
these exploratory results. 

Prosthetic valve thrombosis: anticoagulant or antiplatelet 
therapy after TAVI?

Clinical and subclinical leaflet thrombosis is emerging as an 
important complication after TAVI, manifesting as reduced 
leaflet motion and increased mean aortic valve gradient 
detected by high-resolution CT or echocardiographic 
follow-up. Chakravarty et al. considered 931 patients 
who had CT imaging at a median of 83 days after valve 
implantation from two large registries (46). They observed 
an incidence of subclinical thrombosis of 13%; of note, it 
was lower among patients receiving OAC after TAVI (25% 
of the study population) than among those who were on 
antiplatelet agents, both DAPT or SAPT. No difference 
was observed between patients on VKA or NOACs. 
Interestingly, OAC was associated with restoration of 
normal leaflet motion in all patients where this strategy was 
applied, whereas, patients with subclinical leaflet thrombosis 
treated by antiplatelet therapy or no therapy did not observe 
any regression (46). Similar findings were also reported by 
other observational studies (47); Del Trigo et al. confirmed 
the absence of VKA at discharge as an independent 
predictor of valve thrombosis (48). Importantly, the rate 
of transient ischemic attacks was significantly increased in 
patients with subclinical leaflet thrombosis (46).

The phenomenon of valve thrombosis is not restricted 

to a short time interval after valve implantation, but may 
develop later, indicating that TAVI patients are at risk of 
embolic complications even in an advanced stage (months 
or years) after the procedure. Moreover, as previously 
reported, the use of antiplatelet therapy after TAVI, as 
recommended by guidelines (1,2), may be questionable 
to prevent this complication. In this setting only the use 
of anticoagulation has been demonstrated to reduce the 
incidence of subclinical leaflet thrombosis. Thus, future 
investigations are needed to establish the usefulness of OAC 
after TAVI also in patients without AF and, especially, its 
optimal duration after valve implantation.

Forthcoming trials

On the basis of this evidence, establishing the optimal 
antithrombotic strategy after TAVI remains a challenge. 
Further randomized trials are needed to definitively confirm 
the uselessness of DAPT compared with single therapy in 
this setting. Moreover, anticoagulation, but not antiplatelet 
therapy, has been demonstrated to be effective in the 
prevention and treatment of prosthesis valve thrombosis. 
Thus, several studies are currently evaluating the use of 
VKA and NOACs after TAVI both in patients with and 
without AF or other indications for anticoagulation therapy. 
Table 3 reports ongoing trials regarding antithrombotic 
therapy in patients undergoing TAVI. 

Transcatheter mitral valve repair (TMVR)—the 
MitraClip

Thromboembolic and bleeding risk

TMVR includes minimally invasive techniques for 
treatment of symptomatic chronic moderate-severe or 
severe mitral regurgitation (MR) especially in patients 
with prohibitive surgical risk (49). While a number of 
technologies are in clinical development, the Abbott 
MitraClip NT is currently the only US Food and Drug 
Administration (FDA) approved device for TMVR. The 
MitraClip is a percutaneous procedure with its rationale on 
the surgical Alfieri “edge-to-edge” repair; it utilizes a cobalt 
chromium clip covered with a polypropylene fabric that 
grasps both the anterior and posterior mitral valve leaflets 
suturing together the middle segments of both leaflets, 
thereby creating a “double orifice” MR area (50). 

Percutaneous MitraClip procedure involves use of 
potentially thrombogenic materials through the venous 
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Table 3 Ongoing trials on TAVI antithrombotic regimens

Trial Trial design Trial comparisons

TICTAVI (Safety Profile Evaluation 
of TICagrelor Alone Compared to a 
Combination of Lysine Acetylsalicylate-
Clopidogrel in the Context of Transcatheter 
Aortic Valve Implantation)

Randomized (open-
label)

Ticagrelor alone—180 mg loading dose before intervention and 90 
mg twice daily during 30 days after the procedure vs. combination 
lysine acetylsalicylate/clopidogrel—75 mg before and 75 mg daily 
after the procedure of lysine acetylsalicylate and 300 mg loading 
dose before and 75 mg of clopidogrel daily after the procedure

AUREA (Dual Antiplatelet Therapy Versus 
Oral Anticoagulation for a Short Time to 
Prevent Cerebral Embolism After TAVI)

Randomized (open-
label)

Aspirin + clopidogrel (Duoplavin)—100 mg aspirin plus 75 mg 
clopidogrel for 3 months vs. Sintrom (Acenocumarol)

GALILEO (Global Study Comparing a 
rivAroxaban-based Antithrombotic Strategy 
to an antipLatelet-based Strategy After 
Transcatheter aortIc vaLve rEplacement to 
Optimize Clinical Outcomes)

PROBE 1, 1:1 
randomization

Rivaroxaban 10 mg/day plus ASA 75–100 mg/day for 3 months, 
then rivaroxaban 10 mg/day for 12–24 months vs. DAPT for 3 
months, then ASA 75–100 mg/day for 12–24 months

ATLANTIS (Anti-Thrombotic Strategy After 
Trans-Aortic Valve Implantation for Aortic 
Stenosis)

2 strata, 1:1 
randomization per 
stratum 

Stratum 1 (indication for OAC): standard of care vs. apixaban 5 mg 
bid for 6 months

Stratum 2 (no indication for OAC): standard of care—DAPT/SAPT 
vs. apixaban 5 mg bid for 6 months

POPular-TAVI (Antiplatelet Therapy for 
Patients Undergoing Transcatheter Aortic 
Valve Implantation)

Randomized, Cohort 
A: TAVI patients with 
no indication for 
OAC; Cohort B: TAVI 
patients with an 
indication for OAC

Cohort A: ASA (<100 mg/day) vs. DAPT for 3 months, then continue 
ASA (<100 mg/day) until 12-month period

Cohort B: warfarin (target INR of 2) vs. clopidogrel 75 mg/day for 3 
months plus warfarin (target INR of 2), then continue warfarin alone 
through 12-month period

AVATAR (Anticoagulation Alone Versus 
Anticoagulation and Aspirin Following 
Transcatheter Aortic Valve Interventions)

Randomized VKA (INR of 2–3) for 12 months vs. VKA (INR of 2–3) plus ASA 
(75–100 mg/day) for 12 months

ENVISAGE-TAVI AF (Edoxaban Compared 
to Standard Care After Heart Valve 
Replacement Using a Catheter in Patients 
With Atrial Fibrillation)

Randomized (open-
label)

Edoxaban-based regimen—60 and 30 mg film coated tablet for 
once-daily oral use, and 15 mg film coated tablet for transitioning at 
end of treatment; Antiplatelet therapy (if prescribed): aspirin 75–100 
mg/day or clopidogrel 75 mg/day (chronic therapy after loading 
dose) vs. VKA-based regimen—oral VKA tablets as selected and 
provided by the site and used in accordance with the local label; 
the investigator will monitor the patient and adjust the VKA dose to 
maintain the dose within target; Antiplatelet therapy (if prescribed): 
aspirin 75–100 mg/day or clopidogrel 75 mg/day (chronic therapy 
after loading dose)

TAVI, transcatheter aortic valve implantation; ASA, aspirin; DAPT, dual antiplatelet therapy; OAC, oral anticoagulation; SAPT, single 
antiplatelet therapy; VKA, vitamin K antagonist.

system, trans-septal advancement of large-bore catheter 
devices and beating-heart maneuvering of the clip within 
complex anatomy of the mitral valve and subvalvular 
apparatus (51). This procedure is associated with an overall 
complication rate of 15% to 19% at 30 days (49,52). 
Complications include access site bleeding, partial clip 
detachment, rarely device embolization or thrombosis, 
stroke and development of mitral stenosis (52). 

In the Endovascular Valve Edge-to-Edge Repair Study 
(EVEREST) II trial, 13% of patients randomized to TMVR 
required transfusion of ≥2 units of blood, although this 
percentage was lower compared with 45% observed in the 
surgical group (49). However, in the latest registries regarding 
MitraClip, the rate of transfusions indicating bleeding 
complications has been significantly reduced, ranging from 
0.9% to 3.9%, due to the increased operators’ experience 
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and improved devices (53,54). On the other hand, comparing 
with other percutaneous structural procedures, stroke is a 
rare complication after TMVR; only an incidence of 0.9% of 
ischemic strokes was documented on 30 days follow-up in the 
EVEREST RCT trial (49), 2.6% in the EVEREST-HRR (52) 
and 2.4% in the EVEREST-REALISM registries (55) (Table 4).  
Moreover, device thrombosis was recently reported in two 
cases immediately post-MitralClip placement despite DAPT 
administration (56,57). 

In this complex scenario, dealing with periprocedural 
antiplatelet and anticoagulant drugs for patients receiving 
MitraClip implantation is crucial for reducing the risk 
of stroke, systemic embolism, device thrombosis and 
to achieve successful procedural and clinical outcomes. 
However, currently, no clear evidence based guidelines 
exist on choice or duration of antiplatelet and anticoagulant 
regimens and the strategies are generally left to operators’ 
discretion. Moreover, most of the patients undergoing 
TMVR have also an increased risk of adverse events “per se” 
due to their cardiovascular comorbidities requiring in some 
cases antithrombotic therapy and potentially predisposing 
to bleeding and ischemic accidents.

Antiplatelet therapy before and during the procedure 

A s tandard  reg imen of  ant ip la te le t  therapy  and 
anticoagulation prior to MitralClip placement has not yet 
been established. Conventionally, patients who are already 
being treated with aspirin or clopidogrel are continued 
on aspirin and clopidogrel without interruption before 
the procedure (58). Patients on oral anticoagulation for 

any reason should be managed in the same way as any 
percutaneous intervention; thus, anticoagulation should be 
interrupted to minimize bleeding complications during the 
procedure. Antiplatelet naïve patients should be started on 
aspirin and clopidogrel immediately after the procedure (59). 
The role of loading patients with antiplatelet agents just 
before the clip implantation is unknown and needs to be 
investigated. 

Post-procedural antiplatelet treatment

The manufacturer (Abbott Vascular) did not make 
strict recommendations on the choice or the duration 
of antiplatelet therapy after the procedure due to lack 
of specific investigations comparing various agents or 
protocols. The regimen was extrapolated from those 
previously being used after septal occluder device 
implantation for atrial and septal defects with the purpose of 
allowing for complete endothelialization of the device. In the 
EVEREST I (59) trial, EVEREST II study protocol (60),  
EVEREST II RCT (49,60) and the EVEREST II high 
risk registry (HRR) (61), a regimen of aspirin at a dose of 
325 mg daily for 6 months to 1 year was used associated 
with clopidogrel at a dose of 75 mg daily for 1 month. In 
Europe, a regimen composed of aspirin (100 mg/day) for  
3 months and clopidogrel (75 mg/day, without a loading 
dose) for 4 weeks is more commonly used (53). However, 
these regimens have not been evaluated in controlled 
randomized trials. Moreover, thrombotic complications 
are rare while bleeding events seem to be more frequent; 
thus, it could be hypothesized that a single antiplatelet/

Table 4 Thromboembolic and bleeding complications in randomized and observational studies with MitraClip implantation

Author, study [year]
Overall 

population (n) 
Intraprocedural 

death

Bleeding complications 
requiring transfusions,  

n (%) 

Stroke/TIA, 
n (%) 

In hospital death 
or within 30 days, 

n (%) 

Feldman T, EVEREST I, RCT [2009] 107 0 4 (3.7) 1 (0.9) 1 (0.9)

Feldman T, EVEREST II, RCT [2011] 184 NA 24 (13.0) 2 (1.0) 2 (1.0)

Maisano F, ACCESS-EU registry [2013] 567 0 22 (3.9) 4 (0.7) 19 (3.4)

Grasso C, GRASP registry [2013] 117 0 1 (0.9) 1 (0.9) 1 (0.9)

Yeo KK, Mitra-Clip Asia-Pacific registry [2014] 142 NA 5 (3.5) 0 8 (5.6)

Eggebrecht H, TRAMI registry [2014] 828 1 (0.7%) 58 (7.0) 15 (1.8) 18 (2.2)

Glower DD, EVEREST II HRR, registry [2014] 351 NA 47 (13.4) 9 (2.6) 17 (4.8)

Lim DS, REALISM registry [2014] 127 NA 16 (12.6) 3 (2.4) 8 (6.3)

TIA, transient ischemic attack; RCT, randomized clinical trial; NA, not available.



687Cardiovascular Diagnosis and Therapy, Vol 8, No 5 October 2018

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2018;8(5):678-693cdt.amegroups.com

anticoagulant agent may be enough post-operatively. These 
findings underline the need of further research to evaluate 
the impact of other peri-/postprocedural strategies including 
also the use of newer antiplatelet medications (prasugrel and 
ticagrelor). Moreover, OAC after device placement is not 
routinely recommended, whereas, recent studies suggest 
that interventional left atrial appendage occlusion may have 
a role in patients after MitraClip implantation (62).

Management of patients with AF

Patients undergoing MitraClip implantation have a high 
prevalence of AF requiring anticoagulation (33.9% in 
EVEREST II; 67.7% in ACCESS-EU), which increases the 
risk of bleeding from sources apart from the vascular access site 
(i.e., gastro-intestinal) (49,53). After MitraClip implantation, 
for patients with AF or other indications for OAC, the optimal 
anticoagulation/antiplatelet regimen is unknown. Triple 
therapy should be avoided in order not to increase the risk 
of bleeding. On the other hand, thrombus formation within 
the left atrium but also left ventricle has been observed after 
MitraClip implantation despite DAPT (56). 

Patent foramen ovale (PFO)/atrial septal defects 
(ASD) transcatheter closure

Transcatheter closure of heart defects has become a largely 
alternative to surgery for a variety of congenital pathologies. 
The ASD and the PFO represent the most common 
congenital heart diseases (63,64). With the development of 
new occlusion devices and improvement of implantation 
techniques, the implementation of these procedures has 
risen over the years. In consequence, today’s indication 
for the use of percutaneous occlusion devices ranges from 
the relevant left-to-right shunt in patients with ASD to 
the prevention of recurrent paradoxical embolism in those 
with diagnosis of PFO (65). Different peri-procedural 
complications after ASD and PFO closure have been 
described, such as vascular complications, air embolism, 
atrial wall perforation with pericardial effusion and device 
embolization (63,66). Later adverse events are generally 
associated with late device embolization, device arm 
fracture and atrial wall erosion. Thrombus formation may 
be up to 10% of all cases and related to the implantation 
of large devices in low flow cavities such as right and left 
atria (67,68). Case histories have indicated that thrombus 
formation may be a potential and serious complication after 
device implantation requiring surgical removal in some 

cases. Moreover, thrombus deposition typically occurs on 
the metallic structures of the occlusion devices and develops 
early after implantation, within the first 4 weeks, caused 
by lack of endothelialization in this initial period (69). 
Actually, animal experiments have shown that about 4 weeks 
after implantation only half of the occluder surface was 
covered by neointima whereas complete endothelialization 
was achieved in 3 months (70). In the largest reported 
study on 1,000 patients receiving ASD or PFO occluders, 
Krumsdorf et al. reported a rate of thrombosis of 2% 
using a transesophageal echocardiography (TEE) follow-
up. Interestingly, independent predictors for thrombus 
formation included post-procedural AF and persistent atrial 
septal aneurysm (69). 

Based on the better understanding of the thrombosis 
mechanisms, platelet-induced thrombus growth is now 
considered to be more important than plasmatic hemostasis 
in this setting (71). Thus, antithrombotic prophylaxis 
in patients undergoing percutaneous closure of ASD or 
PFO represents an important issue especially considering 
that in most cases the occlusion is indicated to prevent 
recurrent embolic events. However, peri- and post-
interventional antiplatelet management still remains 
controversial. Generally, ASA and clopidogrel are started 
24 h before the procedure in naïve patients with a loading 
dose respectively of 300 and 300/600 mg. Additional 
mid-term antithrombotic therapy is variable. To date no 
randomized studies have been published to assess the 
optimal strategy after device implantation. In the REDUCE 
trial 664 patients with previous cryptogenic stroke were 
randomized in a 2:1 ratio to undergo PFO closure (Gore 
Occluder) plus antiplatelet therapy or antiplatelet therapy 
alone. Antiplatelet therapy could consist of ASA alone 
(75 to 325 mg once daily), a combination of aspirin (50 to 
100 mg daily) and dipyridamole (225 to 400 mg daily) or 
clopidogrel (75 mg once daily). All patients continued the 
antiplatelet therapy for the median follow-up of 3.2 years. 
Device related thrombosis occurred in 2 patients and the 
risk of recurrent stroke was significantly lower with PFO 
closure plus antiplatelet therapy than with antiplatelet 
therapy alone (1.4% vs. 5.4%, P=0.002) (72). In the 
RESPECT trial, 980 patients with previous cryptogenic 
ischemic stroke were randomly assigned to undergo PFO 
closure (Amplatz PFO occluder) or receive medical therapy 
for a median follow-up of 5.9 years. Patient undergoing 
PFO closure received 81 to 325 mg of ASA plus clopidogrel 
75 mg daily for 1 month, followed by ASA 81 mg for  
5 months. In the medical-therapy group four regimens were 
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allowed: ASA 81 mg daily, clopidogrel 75 mg daily, warfarin 
with a goal INR of 2–3, ASA plus dipyridamole (225 to  
400 mg daily). There were 2 cases of device thrombosis 
treated successfully with intravenous heparin and no 
significant differences in terms of bleedings between the 2 
groups. On long-term, closure of PFO was associated with a 
lower rate of recurrent ischemic stroke than medical therapy 
(3.6% vs. 5.8%, P=0.007) (73). Finally, in the CLOSE 
trial, 663 patients with a recent stroke attributed to PFO 
were assigned in a 1:1:1 ratio to PFO closure (11 different 
devices were used) plus long term antiplatelet therapy, oral 
anticoagulation alone or antiplatelet therapy alone. Patients 
who underwent PFO closure received DAPT (75 mg of 
ASA plus 75 mg of clopidogrel) for 3 months, followed by 
SAPT for a median follow-up of 5.5 years. Among patients 
assigned to oral anticoagulation, 93% received VKA and 7% 
NOACs. In the antiplatelet therapy group, 87% received 
ASA 75 mg, 10% Clopidogrel 75 mg and 3% ASA 75 mg 
plus dipyridamole (225 to 400 mg daily) throughout the 
study period. One device related thrombosis occurred and 
no significant differences in terms of major bleeding were 
described. The rate of recurrent stroke was significantly 
lower with PFO closure plus long-term antiplatelet therapy 
with ASA than with antiplatelet or anticoagulant therapy 
only (respectively 0% vs. 5.9% vs. 1.6%; P<0.001) (74). 

In conclusion there are no randomized studies available 
to assess the effectiveness of any of these antiplatelet 
strategies against the others, but it seems reassuring that 
70% of the patients presenting with device thrombosis in 
the review of Sherman et al. were successfully managed 
medically by systemic anticoagulation with heparin or 
warfarin (75). Moreover, inherited thrombophilic disorders 
such as factor V Leiden or prothrombin mutations have to 
be excluded before device implantation in order to adapt 
post-procedural antithrombotic prophylaxis (combination 
of antiplatelet and anticoagulant therapy). 

Finally, in routine clinical practice, most experienced 
centers recommend a post-procedural regimen using ASA 
(81 to 325 mg) for 3 to 12 months or a combination of ASA 
(81 to 100 mg) plus clopidogrel 75 mg for 6 to 8 weeks 
followed by ASA only (81 to 100 mg) for additional 4 to  
8 months. 

Left atrial appendage closure (LAAC)

Interventional LAAC is an established therapeutic option 
for AF patients at risk for thromboembolic complications 
and with contraindications to long-term OAC (class II b, 

level of evidence B) (76). The aim of the procedure is to 
completely seal the LAA in order to eliminate the major 
source of cardiac emboli and avoid the necessity for any 
long-life antithrombotic medication, thus minimizing the 
patients’ bleeding risk. However, after the LAAC, clots 
may form on the surface of the device and preventive 
measures need to be applied until complete occluder 
endothelialization has occurred. 

Uncertainty exists about the optimal post-interventional 
drug regimen as well as treatment duration. Although no 
randomized clinical trials have been specifically performed 
to date, various observational studies were conducted and 
published. Moreover, trends in antithrombotic management 
have switched from early aggressive treatments following 
procedures with specific devices such as Boston Scientific 
Watchman (6 weeks of anticoagulation and aspirin followed 
by DAPT until 6 months after LAAC) to more conservative 
approaches, mainly because the vast majority of implants in 
‘real life’ are performed in patients with contraindications 
to oral anticoagulation after serious bleeding events. 

In the PLAATO prospective non-randomized study, 64 
patients with relative contraindication to OAC were treated 
with DAPT consisting of clopidogrel 75 mg and ASA  
325 mg for 4–6 weeks after LAAC, followed by lifelong 
ASA therapy. During TEE follow-up, no thrombi were 
detected on the device at 1 and 6 months (77). The 
ASAP prospective study confirmed the feasibility of 
DAPT for 6 months in patients with contraindication for  
OAC (78). In this study, patients with non-valvular AF and 
mean CHA2DS2-VASc of 4.4±1.7 were enrolled. Device 
thrombosis was discovered in 4% of patients at 6 months 
follow-up, causing stroke in one patient. On the other hand, 
five patients experienced a bleeding complication translating 
in an estimated annual bleeding rate of 6.6% (78). On the 
basis of these findings, the last European Heart Rhythm 
Association consensus recommends using DAPT for up to  
6 months after a LAA closing device implantation in 
patients with contraindications to OAC (79). 

However, as stated above, these observational experiences 
also reported that antiplatelet therapy is associated with an 
increased incidence of bleedings, importantly, in a subset 
of patients already at high bleeding risk. Indeed, aspirin 
therapy in elderly patients with medically managed AF has 
been associated with a significant increase in bleeding rate 
without any benefit in the reduction of thromboembolic 
complications (80). Moreover, ASA demonstrated similar 
bleeding rates to patients on apixaban (81). According 
to these data, short DAPT or use of SAPT after device 
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occlusion appear to be reasonable alternatives after LAAC, 
particularly in elderly fragile patients where the risk for 
bleeding exceeds the risk of thromboembolic complications. 
Weise et al. reported data on 6 weeks short-term DAPT in 
a large cohort of patient undergoing LAAC using different 
devices (82). A total of 298 patients (CHA2DS2-VASc 
4.3±1.5; HASBLED 3.5±1.0) were included. DAPT was 
administered for 6 weeks and then decreased to SAPT; the 
mean follow-up was 2.2 years. At 45±10 days after LAAC, a 
device related thrombosis was detected in 2.3% of patients 
on DAPT. Throughout long-term follow-up, therapy 
regimens consisted of no antithrombotic medication 
(9%), SAPT (75%) and DAPT (5%). Importantly, early 
DAPT cessation did not lead to a higher incidence of 
thromboembolic events; in fact, the observed annual 
stroke rate was 1.7%, with an overall risk reduction of 
78.2% compared with the expected stroke rate of 7.8%. 
Conversely, the annual major bleeding incidence was 3.9%; 
given the expected rate of 8.7%, this reflects a reduction of 
55.2% in overall bleeding events. Of note, age >75 years 
and impaired renal function were identified as independent 
predictors for bleeding events using DAPT after LAAC (82). 
Finally, a recent observational study reported the results of 
a French two-centers experience with Amplatzer Cardiac 
Plug device followed by SAPT for at least 12 months (83). 
Device thrombosis was observed at 3 months in 6.8% of 
patients who remained asymptomatic. After a mean follow-
up of 13 months, the rates of death, stroke and major 
bleeding were 2.6%, 4.0% and 1.3%, respectively. Embolic 
and bleeding events were less frequent than expected from 
enrolled population CHA2DS2-VASc and HAS-BLED risk 
scores, suggesting that a SAPT could be safe and effective 
in high-risk patients receiving LAAC. In conclusion, in 
patients with contraindications to OAC, a short-term  
(6 weeks) treatment with DAPT appears to be effective 
and safe in preventing on-device thrombus. It should be 
the final goal to eliminate any antithrombotic therapy after 
LAA closure, but the feasibility of stopping ASA remains to 
be tested in clinical trials. 

Conclusions

The effectiveness of antiplatelet therapy and its optimal 
regimen before and after percutaneous valvular and 
structural disease interventions are still a subject of research 
and debate. Current guidelines recommend the use of 
DAPT with aspirin and clopidogrel for 3–6 months in 
patients undergoing TAVI. However, no clear benefit of 

DAPT has emerged compared with SAPT in observational 
and randomized trials until now, against a harmful increase 
in bleeding complications. Given this background, it seems 
reasonable to propose outright a SAPT strategy except for 
patients undergoing concomitant coronary interventions 
and/or with AF. Furthermore, the clinical impact of valve 
thrombosis and the role of oral anticoagulation, especially 
of novel oral anticoagulant agents, have to be clarified in “ad 
hoc” investigations. 

Even less evidence is available on antithrombotic therapy 
in patients undergoing TMVR. The choice and duration 
of antiplatelet and anticoagulant therapies in this setting 
are generally left to operators’ experience. The most 
commonly used strategy includes aspirin for 3–6 months 
and clopidogrel for 1 month after Mitraclip, even if, also in 
this field it could be hypothesized that a single antiplatelet 
agent may be enough post-operatively. 

In patients undergoing ASD/PFO closure, it  is 
recommended a post-procedural  regimen using a 
combination of aspirin plus clopidogrel for 1–3 months 
followed by ASA only for additional 3–5 months. Finally, 
uncertainty exists about the optimal regimen as well as 
treatment duration in patients undergoing LAA closure, a 
truly frail subset of patients because of contraindications 
to oral anticoagulation after serious bleeding events. In 
those patients, a short period of DAPT after implantation 
(1–3 months) is generally administered followed by long-
term ASA, when tolerated; otherwise, in those with very 
high bleeding risk, a single antiplatelet therapy should be 
reasonable. 
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