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and coagulation disorders, hypersensitivity to device components, foreign
body reaction and Kounis syndrome from drugs administered during the
procedure [2]. Indeed, the structure composition of the various implanted
aortic valves seems to play an important role in the pathogenesis of leaflet
thrombosis. CoreValve (Medtronic, Minneapolis, Minnesota) porcine
pericardium valve has nitinol (nickel-titanium alloy) stent, Portico
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Calcific aortic valve stenosis is the most prevalent valve disease for
the elderly people and transcatheter aortic valve implantation has
become, nowadays, new treatment option for inoperable patients. The
rapid growth of this procedure has been spread worldwide, with
the performance of more than 200,000 such procedures. However,
very early, early, late and very late thrombotic complications may
accompany this procedure. In the very interesting report published in
the International Journal of Cardiology [1] an 81 year oldmale underwent
transcatheter aortic valve implantation with a 31 mm CoreValve for the
treatment of symptomatic severe aortic stenosis. Three years later the
mean aortic gradient increased and transoesophageal echocardiograpy
revealed that one of the three leaflets was completely immobile
due to valve leaflet thrombosis. Following this, the patient suffered an
ischemic stroke but recovered fully on treatment with rivaroxaban.
This report raises important issues on causality, pathophysiology,
timing, ischemic stroke, prevention and treatment of such thrombotic
complications:

-Several causes and mechanisms of thrombus formation, associated
with transcatheter aortic valve implantation have been incriminated so
far. They include incomplete valve expansion, sub-optimal stenting,
valve malposition, incomplete apposition, pertinent antithrombotic
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treatment, inadequate antithrombotic therapy, prothrombotic conditions

(St. Jude Medical, Minneapolis, Minnesota) bovine pericardium valve
has also nitinol stent and Edward Sapien (Edwards Lifesciences, Irvine,
California) bovine pericardium valve has polyethylene terephthalate
skirt and cobalt chromium stent. The latter has misleading term
because it contains also nickel, titanium, molybdenum and iron. These
metals and polymer are great sensitizers able to produce corresponding
IgE antibodies [3]. In the United States, nickel, chromium and cobalt
induce allergic reactions in 14%, 4% and 9%, while in Europe, in about
20%, 4% and 7%, respectively [4].

-As far as pathophysiology of leaflet thrombosis is concerned, the
nitinol, an alloy composed of 45% titanium and 55% nickel that is
contained in CoreValve and Portico valve could have played an impor-
tant role. A “device syndrome” resembling Kounis syndrome [5]
and consisting of chest discomfort, exertional dyspnea, asthenia,
palpitations, worsening of migraine headaches, and mild leukocytosis,
between postoperative days 2 and 3, have had encountered in patients
with Amplatzer device implantation containing also nitinol [6]. All
symptoms were resolved within one week with prednisone and
clopidogrel administration. Interestingly, in the same report, 2 patients
with negative skin patch testing had postoperative atrial fibrillation that
was resolved with anti-arrhythmic treatment. Metals can release metal
ions while are embedded in the aortic orifice and are directly in touch
with the blood stream. Such anions can react with high affinity and
low affinity IgE antibody receptors FCγRI, FCγRII, FCεRI and FCεRII, on
platelet surface and trigger the thrombotic cascade. Implanted valves
constitute, therefore, an ideal surrounding for endothelial damage and
dysfunction, together with hemorheologic changes and turbulence as
well as platelet dysfunction, coagulation and fibrinolytic disturbances
[7].

-In the described patient the time of occurrence of transcatheter
heart valve thrombosis had been 3 years after the procedure that is in-
deed a very late event. However, there are reports of such thrombosis
occurring even 5 years after transcatheter valve implantation [8]. This
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can be explained by the fact that hypersensitivity inflammation goes
through three phases, the early phase which lasts minutes, the late
phase which lasts from 2 h to 2 days and the chronic phase which
follows a continuous, persistent, and repetitive allergen exposure and
lasts as long as the allergen is present [9].

-The described patient developed an ischemic stroke one month
after transcatheter valve thrombosis with full recovery while he was
under treatment with rivanoxaban. The incidence of cerebrovascular
events following transcatheter aortic valve implantation seems to
exceed that after any other cardiac intervention or valve surgery and
has been attributed to particulate emboli dislodged by the procedure
itself or as a result of thromboembolism [10]. However, it seems likely
that stroke and valve thrombosis in transcatheter aortic valve implanta-
tion share the same pathophysiology. Kounis syndrome has been found
to affect not only coronary arteries but also the cerebral arteries [11]. In
the first randomized clinical trial (CHOICE trial) that compared different
transcatheter heart valves in high-risk aortic stenosis patients at 5 expe-
rienced centers, the rate of stroke at 30 days was 2.6% with self-
expandable valves and 5.8% with balloon expandable valves [12]. In an-
other trial that took place in 4 experienced European centers, the 30-day
incidence of strokewas 2.9% in the self-expandable valve and 1.0% in the
balloon-expandable [13].

Since the reason for thrombus formation on these valves still
remains obscure [8], we believe that further systematic studies are
warranted to elucidate the exact cause of thrombotic and embolic
events associated with transcatheter aortic valve implantation and to
predict, prevent and treat this complication. Meanwhile, we suggest
careful history of hypersensitivity reactions with monitoring of inflam-
matory mediators as well as lymphocyte transformation studies to
detect metal hypersensitivity before implantation. Additionally, throm-
bus histology and searching for inflammatory cells such as eosinophils,
mast cells, macrophages and T-lymphocytes will help to establish the
cause and the manner of thrombosis. Such recommendations have
been already issued by Food and Drug Administration and applied to
coronary stent implantations [14].
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