Antithrombotic therapy after transcatheter aortic valve
implantation: a new piece of the still unresolved puzzle
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The 2017 marks the 40" anniversary of percutaneous
coronary intervention (PCI), but also the 15" anniversary
for transcatheter aortic valve implantation (TAVI) (1).
For more than 50 years, surgical aortic valve replacement
(SAVR) has been the standard of care for patients with
severe symptomatic aortic stenosis, improving outcomes
and prolonging the lives of these patients. In 1990s the
transcatheter delivery of a bioprosthetic aortic valve
was conceptualized and largely tested in animals. The
first human implantation of a percutaneous implantable
prosthetic heart valve composed of 3 bovine pericardial
leaflets mounted within a balloon-expandable stent was
performed in Rouen on 16 April 2002 in a 57-year-old
desperately ill man in cardiogenic shock, with critical
aortic stenosis, subacute leg ischemia deemed inoperable
due to multiple comorbidities (valve replacement had been
declined for this patient, and balloon valvuloplasty had been
performed with nonsustained results) (2).

Since then, TAVI has dramatically evolved, devices and
procedural techniques have rapidly improved and results of
randomized clinical trials have revolutionized the current
treatment of severe aortic stenosis leading today to more
than 300,000 procedures performed worldwide in more than
1,000 centers and 65 countries (1). Fifteen years after the
first-in-man case, we can consider TAVI, with its explosive
potential, as one of the major medical breakthroughs of
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the past decade in cardiology. Technological improvements
and favorable clinical outcomes allowed to clearly
establish the role of TAVI as the recommended strategy
compared with medical therapy for inoperable patients,
and alternative to surgery for high-risk patients, reaching
more recently also the appropriate scientific evidence to
recommend this procedure in patients at intermediate-
risk (3-7). Furthermore, trials among low-risk patients are
ongoing and evidence on feasibility and safety of TAVI in
other clinical settings (treatment of patients with bicuspid
aortic valve, pure native aortic regurgitation, degenerated
surgical bioprosthetic valves or those with symptomatic
moderate aortic stenosis or asymptomatic severe aortic
stenosis) is being accumulated (3-7). However, ischemic
and bleeding events soon after or at long-term after TAVI
remain high, advocating dedicated investigations on optimal
antithrombotic therapy (Figure 1) (8).

The prevention of ischemic complications during TAVI
most likely requires full-dose anticoagulation. The most
frequently used anticoagulant is unfractionated heparin,
and the only trial comparing this latter with bivalirudin,
the BRAVO 3 (Effect of Bivalirudin on Aortic Valve
Intervention Outcomes 3), showed that bivalirudin did not
reduce rates of major bleeding at 48 hours or net adverse
cardiovascular events within 30 days compared with heparin
(even if the non-inferiority hypothesis was reached for
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Figure 1 Rates of myocardial infarction, stroke and major bleeding 30 days after TAVI in main randomized clinical trials. Data on major
bleeding were not available for STACCATO trial. The rate of myocardial infarction was 0% in STACCATO, PARTNER 1A and 1B. MI,

myocardial infarction.

this endpoint) supporting the concept that heparin should
remain the standard of care in TAVI patients (9). Regarding
the post-procedural antithrombotic therapy, based on the
increased thrombotic risks related to TAVI valve structure,
dual antiplatelet therapy (DAPT) with aspirin (indefinitely)
and clopidogrel (1 to 6 months)—in the absence of an
indication for anticoagulation—has been a widely accepted
empirical treatment, which was incorporated into practice
guidelines. Differently from surgical interventions, the
diseased native valve is not removed in TAVI procedures
and may be mechanically damaged, leading to the exposure
and/or embolism of valvular components into the arterial
circulation. Moreover, the insertion of the prosthesis
into the diseased native valve creates an irregular zone
around the valve frame with modified flow patterns that
may predispose to thrombus formation, particularly
in the case of small valve sizes with associated patient—
prosthesis mismatch. Notably, TAVI patients remain
at risk for stroke throughout the first months after the
procedure and mechanisms other than valve manipulation
seem to be involved (i.e., aortic wall injury, posttraumatic
surface exposure with consequent activation of the
hemostatic system, turbulence or local blood stasis, atrial
fibrillation). For all these reasons, although empirical, the
recommendation to adopt DAPT has reached widespread
clinical practice. DAPT is a mainstay therapy for patients
undergoing PCI compared with aspirin monotherapy, but
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the higher risks of bleeding and the well-known impact
of bleeding on mortality represent a crucial aspect to be
taken into account when deciding on its duration (10-16).
In TAVI patients, two important considerations should be
done: (I) TAVI patients are often old, frail and with multiple
comorbidities leading to high risk of bleeding. Hence
the balance between preventing ischemic complications
at acceptable costs for bleeding remains a challenge in
this population; (II) the benefits of DAPT over aspirin
monotherapy have been questioned by recent evidence (17).
Indeed, the evidence from 2 small randomized trials, some
small observational studies and meta-analyses does not
support the use of DAPT compared with aspirin alone
due to increased risk of bleeding in the absence of sizable
beneficial effects on ischemic endpoints (17).

Recently, a third randomized clinical trial has been
published (18). This is a prospective, randomized, open-
label multicenter clinical trial including 222 patients
undergoing TAVI with a balloon-expandable Edwards
SAPIEN XT (92.3%) or SAPIEN 3 (7.7%) valves,
with no indication to oral anticoagulation (OAC), who
have been randomized to aspirin or DAPT. Overall, the
patient population was old (mean age was 79 years) and
the mean Society of Thoracic Surgeons score was 6.3.
The investigators observed a significantly higher rate of
major or life-threatening bleeding events in the DAPT
group (10.8% wvs. 3.6%; P=0.038). Notably, the excess of
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bleeding events occurred within 30 days, the majority of
which was post-procedurally and mainly included vascular
or access-site complications or gastrointestinal bleeding.
This increased risk of bleeding was the major driver for
the higher (despite statistically borderline: 15.3% vs. 7.2%;
P=0.065) rate of the primary endpoint, consisting of death,
myocardial infarction, transient ischemic attack/ischemic
stroke, or major/life-threatening bleeding 3 months after
TAVI. Individual ischemic endpoints and mortality did not
different between the 2 regimens, although numerically
higher in the DAPT group. These findings represent an
important step forward in the field.

The study was prematurely stopped due to slow
recruitment and lack of financial support. Overall 222
patients of the 300 planned were included. However, it is
important to note that even the requirement of 300 patients
only was established for exploratory purposes without
a formal sample size assumption. Therefore, ARTE, as
all previous studies, lacks sufficient study power and its
findings should be interpreted with caution and considered
hypothesis-generating only.

Even when pooling together the three available
randomized trials available, DAPT does not offer ischemic
benefits rather bleeding harms (19). Yet, the overall number
of patients remains limited and uncertainty around the
point estimates for ischemic endpoints remain considerable
and do entail the possibility that DAPT may offer greater
protection than aspirin monotherapy. Additionally, no
data is currently available in patients receiving more
contemporary TAVI devices (e.g., it is unknown if the
additional skirt aimed at reducing post-implantation
paravalvular leak may potentially increase thrombogenicity).
The impact of the high on-treatment platelet reactivity
associated with clopidogrel or aspirin (which seems more
frequent in TAVI patients) is yet to be understood.

Five of the 16 severe bleeds observed in the ARTE
trial were gastro-intestinal. Despite the claim of the
investigators that proton-pump inhibitors (PPI) were not
specifically recommended in patients included in the trial,
one wonders if and how much the preventive use of PPI
would have impacted that risk. The use of PPI is currently
recommended in all DAPT patients, even if the risk of GI
complications a prior is not high (20,21).

Stroke mainly occurs in the acute phase after TAVI and
cerebral protection devices have been proposed to integrate
pharmacologic therapy to prevent such complications.
Recent studies support benefits of embolic protection
during TAVI, indirectly providing further evidence for
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the importance of embolic debris in periprocedural stroke
events (22,23).

While ARTE and the two prior trials investigated the
concomitant use of clopidogrel in TAVI patients (18),
there are arguments supporting the preferential use of
OAC therapy instead of antiplatelet agents. First, there
is still uncertainties regarding the exact mechanisms
causing thrombotic events after TAVI and currently we
cannot exclude that thrombin is the major driver or a
co-driver of such complications. Second, the rates of
pre-existing atrial fibrillation and new-onset atrial
fibrillation are relevant in TAVI population and significantly
impact on stroke and mortality (24,25). Third, there is
evidence that leaflet thrombosis of transcatheter heart
valves could be a relatively novel and important mechanism
of transcatheter heart valve-related thrombotic events or
even valve failure. Data from two registries, the SAVORY
(Subclinical Aortic Valve Bioprosthesis Thrombosis
Assessed with Four-Dimensional Computed Tomography)
and the RESOLVE (Assessment of Transcatheter and
Surgical Aortic Bioprosthetic Valve Thrombosis and Its
Treatment with Anticoagulation), suggest that subclinical
leaflet thrombosis, represented by leaflet thickening on
computed tomography, is more common with transcatheter
valves compared with bioprosthetic surgical valves, and
is associated with increased rates of stroke or TIA (26).
Importantly, anticoagulation (both novel OACs and
warfarin), but not DAPT, was effective in the prevention or
treatment of subclinical leaflet thrombosis (26), providing
the rationale for investigating OAC use in TAVI patients (27).
However, the natural history and clinical significance of
asymptomatic leaflet thrombosis remains unclear. Assuming
OAC therapy to be the solution, does starting it earlier
rather than later make any difference and for how long
should it be prescribed? Considering the OAC-related
bleeding risks, it seems logical for the time being, in the
absence of compelling evidence that the decision on which
antithrombotic therapy should be individualized, after with
careful consideration of the risk/benefit profile.

Currently, the complex puzzle of the optimal
antithrombotic therapy after TAVI remains intriguing but
unsolved. Clinical trials are ongoing (Tu#ble 1) and their
results will hopefully add the missing pieces in this complex
puzzle of optimal antithrombotic therapy after TAVI.
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