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Abstract

A T2-year-old patient was fitted with a CoreValve prosthesis and passed
away after 132 days. The valve with the 26 cm filiform thrombus attached
at the outflow of the valve was harvested at autopsy.

A processed porcine pericardium and a CoreValve non-implanted were
selected as controls. The porcine pericardium showed a thin layered
architecture holding interstitial cells. The collagen bundles showed a
sinusoidal morphology in most unloaded collagen tissues. The reference
valve consisted of a nitinol frame holding three coapting leaflets. The
structure of the pericardium was well preserved; however, the sutures were
associated with compression, distortion or damage to the collagen, more
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outflow of the valve but at the inflow alike. The inflow showed fractured
thrombi covering the flow surface. A leaflet was detached at the extraction
of the floating thrombus. A second leaflet was rolled up and the third one
was still visible. Thrombi were present everywhere and incorporated
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bacteriemic colonizations. The thrombotic deposits on the remaining
leaflet were poorly anchored to its surface; specifically, a fibrous capsule
was detached from the leaflet but still fixed to the nitinol frame. Despite
major trauma, the sinusoidal structure of the collagen fibers was well
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preserved. Most of the floating thrombus was reorganized. This lethal
issue of percutaneous aortic valve deployment might be more frequent
than reported and shall be cautiously investigated, as the risk of thrombotic

accumulation cannot be considered as negligible. Aires, Argentina
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thoracic aorta is a rare but under-recognized source of systemic emboli Canada
with potential catastrophic consequences [1-6]. More specifically it is the
source of systemic emboli resulting in significant morbidity [7,8]. No clear
guidelines exist for management [9]. Treatments are well individualized.
Both endovascular [10,11] and open surgical techniques [12-14] have
reported satisfactory results. Conservative treatments may be considered in
asymptomatic, inoperable and high-risk patients.

Introduction
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The etiology is not yet fully understood. A floating aortic thrombus is
often seen in relatively young patients without severe atherosclerosis
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although an atherosclerotic process may contribute in
its pathogenesis [15]. A high prevalence of hematologic
disorders may be causative factors for thrombus formation.
The presence of cardiovascular implants has not been fully
investigated yet [16]. We previously reported the presence
of a floating thrombus attached to a woven thoracic graft
in the case of a 69-year-old woman, after a surgical repair
of a ruptured aneurysm. Together with post-operative
complications, the patient developed a septic condition. A
computed tomography (CT) scan disclosed a dissection like
an image mimicking a genuine aortic dissection. The patient
passed away six weeks later of multiple organ failure. He
was autopsied. The woven graft was dissected and showed a
one-piece floating thrombus that was 9 cm long, anchored at
the proximal suture line of the prostheses. The structure of
the thrombus was dense without fragmentation and showed
a false lumen. The mural thrombus was made of layers of
fibrin from granular to dense and laminated. Some sites of
high fragility with fractures were observed and represented
potentially embolizing structures [17].

The issue of a floating thrombus attached to a valve as
observed at the autopsy deserves attention. Transcatheter
aortic valve implantation (TAVI) is currently an interventional
method for symptomatic patients with severe aortic stenosis
who are at intermediate or high operative risk of death or who
are deemed inoperable [18]. Major complications related to
TAV], including death, have been published. In such cases,
it is not always possible to ascertain the cause of death.
Autopsy after TAVIis anew field of interest in cardiovascular
pathology. Early analyses of percutancous valves after
autopsy or at surgical conversion revalving showed a good
integration of the valve into the annulus and outflow tract
while the underlying valve does not interfere with the normal
functioning of the prothetic valve [19]. However, there is
a time dependent degeneration of percutaneous heart valves
consisting of thrombus formation, hyperplasia, fibrosis, and
tissue remodeling [20,21]. Valve leaflet thrombosis impairing
its motion is the most frequent observation [22,23]. Autopsy
of patients who underwent percutaneous valve implantation
adds to the clinical diagnosis regarding the cause of death.
Cerebral autopsy can be considered extremely helpful in
determining the cause of death [24].

We hereby report the examination of the heart of a patient
fitted with a CoreValve for 132 days [25]. A 26 cm cylindrical
floating thrombus was attached to a leaflet at the outflow of
the valve down to the aortic carrefour. A control pericardium
was analyzed to serve as reference to in vivo changes. A
reference CoreValve was investigated to identify the sites at
risk of thrombosis and/or degradation after implantation. It
was obtained during a clinical procedure as the patient passed
away before its deployment.

Materials and Methods

Case report

A 72-year-old man with a medical history of liver
transplantation and chronic kidney disease for more than a
decade was admitted with symptomatic severe aortic valve
stenosis. Due to his high surgical risk, the patient underwent
percutaneous transcatheter aortic valve implantation via
transfemoral catheter, using a 26 mm CoreValve prosthesis
(Medtronic). The procedure was performed without
difficulty, but the final valve position was suboptimal, with
the ventricular side of the stent contacting the anterior mitral
leaflet [25]. The patient was readmitted at the hospital 45
days after TAVI deployment, due to fever and heart failure.
Enterococcus faecalis was retrieved in blood cultures, and
hence antibiotic treatment with ceftriaxone-ampicillin was
started. Late prosthetic infective endocarditis was suspected
and transesophageal echocardiography showed no evidence
of endocarditis, but the aortic prosthesis was deeply
implanted in the left ventricular outflow tract, with a peak
systolic gradient of 30 mmHg and a mean gradient of 14
mmHg, mild to moderate paravalvular aortic regurgitation,
and a perforation of the anterior mitral leaflet contiguous to
the aortic prosthesis, with severe mitral regurgitation. The
patient did not present embolic events. While on antibiotic
treatment, 52 days after readmission the patient suffered
severe upper gastrointestinal bleeding with hemorrhagic
shock and passed away 132 days after valve deployment. An
autopsy was completed. The valve and the fusiform thrombus
were fixed in a 5% solution of formaldehyde and available for
analyses. The study was approved by the ethic committee of
the first author’s institution.

Control devices

A commercial porcine pericardium (Bio-Sud, Buenos
Aires, Argentina) and a CoreValve that could not be implanted
as the patient passed away immediately prior the deployment
were selected as references.

Non-destructive investigations

The valves, both reference and explanted, were first
examined and imaged using a digital camera (Nikon,
Tokyo, Japan). The pictures were processed with the Adobe
Photoshop CS  software (Adobe, San Jose, CA, USA). The
micro-CT imaging was performed solely on the control device
with a GE eXplore Locus micro-CT scanner (London, ON,
Canada) at 45 um voxel resolution (80 kV, 360 projections,
490 pum, two frames averaging and 400 ms of exposure time).

Destructive investigations

Selected samples of the explanted device were
investigated in scanning electron microscopy (SEM) and
light microscopy. Specimens 0.5 X 0.5 cm were cut at various
sites of the device to characterize the links of the valve with
its support and the sole leaflets. For SEM, the specimens were
postfixed ina 2% solution ofisotonic buffered glutaraldehyde
and then transferred to a 1% osmium tetroxide solution. They
were dried by immersion in solution of ethanol of graded
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concentrations and then in hexamethyldisilazane (HMDS).
Then the specimens were coated with a gold palladium and
observed with SEM under accelerating voltages ranging
from 15 kV to 30 kV. For light microscopy, the specimens
were embedded in a polymethylmethacrylate resin (PMMA).
After the polymerization was achieved, the specimens
were trimmed and sectioned on a precision band saw under
coolant. Slices 300 um in thickness were affixed onto a
methyl methacrylate slide with a UV adhesive. Grinding
and polishing were done on a digital Exact grinder system to
obtain slices 20- 30 um thick. Toluidine blue (0.5% in a borax
solution) and hematoxylin/eosin staining were performed
prior to light microscopy observation. The fusiform floating
thrombus was embedded in paraffin and slices 5 um thick
were obtained prior hematoxylin/eosin staining. The slides
were then ready for observation in light microscopy.

The reference device was fully dehydrated in alcohol of
graded concentrations from 30 to 100% prior to embedding in
PMMA. Three slices of the device perpendicular to the blood
flow direction were sectioned on a precision band saw under
coolant: inflow site, middle section and outflow of the valve.
The slices were processed as the specimen of the explanted
device and hematoxylin eosin stained.

In addition, samples of the leaflets of the explanted
CoreValve and the control porcine pericardium were
processed for observation in light microscopy, including
polarized microscopy after staining with hematoxylin/
eosin, Masson’s trichrome, Verhoelf and red picrosirius.
The purpose was to evidence the sinusoidal structure of the
collagen bundles.

Results
Porcine pericardium

The porcine pericardium showed a layered architecture
of collagen bundles presenting some interstitial cells. They
displayed wavy crimps typical of an unloaded collagenous
tissue. The collagen bundles were not bound together.
The mesothelial cells found in vivo on the serous surface
with smooth surface were no longer present due to tissue
processing (Figure 1). The serous side (epicardium or visceral
layer) was more compacted compared to the fibrous side with
loose connective tissue. The epicardium serves as the inflow
side in valve prosthesis whereas the serous side is deployed
at the outflow (Figure 2).

Reference device

This device was made of three coapting valve leaflets,
made from a single layer of porcine pericardium and fixed
onto a self-expanding multi-level radiopaque frame made of
nitinol (Figure 3).

This porcine pericardium was previously processed with
alpha-amino oleic acid to prevent mineralization of the
valve after deployment. The frame comprises an outflow
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Figure 1: Cross-section of porcine pericardium in light microscopy.
The fibrous section is on the left (inflow) and the serous one on the
right (outflow) after staining with hematoxylin-eosin (A) Masson’s
trichrome (B) and red pinosirius in polarized light microscopy (C,
C2). The collagen bundles display a wavy structure comprising
some elastic fibers. The serous surface (outflow) is considerably
smoother than the fibrous surface (inflow). Some rare cells are still
present in the pericardium.

OUT FLOW

IN FLOW

Figure 2: SEM observations of the porcine pericardium. The serous
surface (outflow) looks smooth with mild undulations caused by the
underneath collagen sinusoidal fibers at low magnification (A). The
presence of tiny fibers over this smooth surface is observed at high
magnification (B). The fibrous surface (inflow) shows interlacing
fibres in various directions at low magnification (C). Bundles of
collagen of various morphologies and diameters are visible at higher
magnification within an open structure (D).

circumferential structure defining an outflow end of the frame
and consisting essentially of a single row of diamond shaded
expandable cells. The frame also comprises three V-shaped
structures spaced apart from the outflow circumferential
structures and three struts longitudinally aligned with the
longitudinal axis of the frame. The three struts are configured
to facilitate mounting the porcine pericardium leaflets to the
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frame and interconnect the outflow circumferential structure
to the three V-shaped structures. Care was taken to the fibrous
side of the pericardium at the inflow and the serous one at the
outflow (Figure 4).

The risk of thrombotic developments is aggravated in
case of stasis and thus the serous side of the pericardium
is selected at the outflow. Thrombosis is unlikely at the
inflow as there is no risk of stasis. The frame also includes
three undulating structures interconnecting with the adjacent
V-shaped structures. Such a device is deployed within the
native valve (Figures 5 and 6).

Patient’s autopsy and pathological investigation

The CoreValve did not show any vegetations. A large and
filiform 26 cm long thrombus was observed, attached to the
aortic side of one of the prosthetic cusps, and reached the
aortic carrefour (Figure 7).

This fusiform thrombus showed a smooth external
sheath in its thoracic set-up whereas more distally fragile
poorly amalgamated thrombotic fragments were visible
(Figures 8-10). Such structures were likely to embolize. The
histological examination with hematoxylin eosin shows the
base of the thrombus, attached to the aortic side of one of
the prosthetic cusps with an organizing thrombus showing
histiocytes and fibroblasts, meanwhile the distal sector of
the aortic filiform thrombus is composed mainly by platelets
and fibrin.

The observation of the CoreValve showed a missing
leaflet as it was pulled out with the reorganized thrombi. A
great variability in the structure of the thrombus was visible.
The most spectacular observation was the development of a
reorganized smooth sheath attached to outflow of the device
(Figure 11).

BLOOD FLOW

Figure 3: Macroscopy of the CoreValve used as reference. This
bioprosthesis is manufactured by suturing three valve leaflets
and a skirt made from a single layer of porcine pericardium onto
a self-expanding multilevel, radiopaque frame made of nitinol.
This support shows a multilevel self-expanding configuration with
diamond cell shape. This noncylindrical frame design incorporates
three different sections with different diameters and totally different
degrees of radial and hoop strength. The lower section (A) exerts a
high radial force to secure the device stability. The middle section
(B) holds the valve leaflets. The upper section (C) is the largest
diameter with lower radial force.
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Figure 4: Processing of the CoreValve for histological investigation.
The device is embedded in PMMA and semi-thin slides (1, 2, 3)
are cut on a precision band saw under coolant (1A, 2A, 3A). These
slides 300 um thick are affixed with a UV adhesive on a methyl
methacrylate slide. Guiding and polishing allows to obtain slices
20-30 um thick. Metaboxcylin eosin staining is performed prior to
observation in light microscopy (1B, 2B, 3B).

Figure 5: Histology of the porcine pericardium associated with the
reference CoreValve. The pericardium shows an intact structure
with well differentiated content consisting of multiple layers of
collagen. The sinusoidal structure of the collagen is evidenced in
the serous section with its smooth surface. The fibers in the fibrous
section are less undulated and the surface is not as smooth (A). At
contact with the nitinol frame, the pericardium is compressed by
the polytetrafiluoroethylene suture, but its structure is well preserved
(B). The suture can result in fracture of the pericardium however the
serous layer is well preserved (C). The passage of sutures can cause
not only compression but restructuration of the pericardium (D).
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Figure 6: Major structure modification of the pericardium. Its
structure is modified because of pleating and compression causing
delamination and cavitation (A). The pericardium displays a sound
in the contact of two sections in presence of suture with or without
nitinol support (B, C, D).

Figure 7: Patient’s heart with this filiform thrombus 26 cm long
within the lumen of the aorta and deployed at the outflow of the
aortic arch and attached on the aortic side of a cusp (A). This
floating thrombus reaches the aortic carrefour. Its coloration is white
(B) and its surface is smooth at the outlet of the valve and becomes
red and thicker distally with an irregular structure likely to cause
embolizations.

Figure 8: Different steps of the extraction of the CoreValve at
autopsy after elimination of the floating thrombus. The upper part
of the device appeared first as the lower portion was well anchored.

Volume 8 ¢ Issue 2 | 106

Cianciulli Tomas F MD, et al., Cardiol Cardiovasc Med 2024

Figure 9: Explanted CoreValve (right) beside the native aortic valve
with calcifications at  the bottom of the leaflets and fracture along
the aortic wall (double arrows, left). The leaflets are highly calcified
as seen in the aortic wall. The ostiums of both coronaries were
open (single arrow). The marks of the upper section of the device
are observed above the original valve (triple arrows).

v

BLOOD FLOW

Figure 10: Gross observation of the explanted CoreValve from
inflow (A) to outflow (C). A leaflet is missing as it was encroached
with the floating thrombus that was pulled out. The remaining
leaflets show severe thrombus covering their surface. There is a
poor tissue incorporation of the lower and middle section of the
valve (B). The observation of the outflow confirms the absence of
a leaflet and the severe damage to another one (C). The remaining
leaflet offers an interesting morphology as it is twinned with a
reorganized thrombotic leaflet originating from the metallic frame
(double arrows).

Figure 11: Detail of the fibrous structure along the suture line of a
pericardium leaflet. This structure is very stiff. It is the result of the
reorganization of thrombotic accumulations over the leaflet itself
(triple arrows). Such a structure is likely to shrink and thus to split
from the leaflet. The motility of the pericardium leaflet can however
be severely unpaired (double arrows).
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The structure of the leaflets was relatively well preserved
despite thickening and distortion (Figures 16 and 17).

More specifically, the collagen bundles preserved its
undulated shape despite the presence of deformations (Figure
18).

The morphology of the floating thrombus showed different
densities from granular to dense  and laminated to fragile
structures likely to embolize (Figures 19 and 20).

Figure 12: Site of leaflets, commissures with thrombotic

accumulations on both inflow and  outflow (A). The flow thrombi
capture colonies of macrophages and bacteria (B).

e 'S S AN R
Figure 13: Thrombus accumulation along the leaflets on the inflow
side with bacteriemic colonization. The structures are dense and
show fractures (A) with a flow surface entrapping macrophages and
bacteriemic colonizations (B).

Figure 14: Thrombotic accumulations of poorly reorganized
thrombi on the outflow side. The structure of those thrombi looks
poorly reorganized (A) whereas the flow surface of the leaflet of the

valve is still visible (B).

Xipo 168um TET TR A

Figure 15: SEM of the fixation of the pericardium to the nitinol
structure. There is no tearing and limited thrombotic formation. The
nitinol frame gives a good support to the leaflets.

Figure 16: The histology of the site of the commissure of leaflets
shows limited thrombotic formation at the site (A) but a thrombotic
accumulation is visible a few millimeters apart (B).

Figure 17: Poor attachment of thrombus along the flow surface
of the valve. The thrombi are poorly reorganized and incorporate
bacteria and inflammatory cells.

Discussion

To our knowledge, this thrombotic complication of TAVI,
by means of a fusiform thrombus, has not been reported
yet. It entails a potential mechanism for increased embolic
risk. The issue of floating thrombus is poorly understood as
is developed within the structure of a percutaneous valve.
This is totally unknown. The rationale for prescribing a more
potent anti-platelet and anti-thrombotic therapy to prevent
this potentially catastrophic complication remains unclear.

Once the diagnosis of prosthetic thrombosis with
clinical or incidental manifestations has been established,
anticoagulation with acenocoumarol or novel oral
anticoagulants is indicated for at least 2 years. After initiating
oral anticoagulation, disappearance of the thrombus and
normalization of the transvalvular gradient occur in less than
three months. In patients undergoing TAVI who did not have
an indication for oral anticoagulation, Brouwer et al. [26]
demonstrated that bleeding or thromboembolic events at 1
year were significantly less frequent with aspirin than with
aspirin plus clopidogrel administrated for 3 months.

Autopsy revealed unexpected findings in 61.1% of
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patients and resulted in partly or completely different causes
of death, as was clinical determined [27]. Most common
complications are significant perivalvular regurgitation,
prosthetic endocarditis, electrocardiographic conduction
abnormalities, and prosthetic thrombosis. In most cases, TAVI
thrombosis is asymptomatic, and is usually an incidental
finding, with an incidence of 4% to 14% observed in several
studies [28]. According to a meta-analysis, subclinical
prosthetic thrombosis is not associated with an increased
thromboembolic risk. The potential mechanisms of TAVI
thrombosis are: excessive catheter manipulation, aggressive
post-dilatation or the implantation of small valves (<23 mm).
The echocardiographic study may suggest TAVI thrombosis
due to the visualization of a thrombus, increased thickness
and decreased valve mobility, or an increased transvalvular
gradient. However, multidetector computed tomography
(MDCT) has greater sensitivity to detect a thrombus in the
prosthesis. Due to this silent behavior, it is very important to
perform regular checks for early detection and appropriate
treatment. Echocardiographic monitoring is recommended at
30 days, 6 months and annually thereafter [29].

The structural valve degradation for the long term was
addressed by O’Hair et al. [30] in 2022. Data from CoreValve
vs High Risk Pivotal (615 patients) were pooled with the
CoreValve Extreme Risk Pivotal trial (485 patients) and
the CoreValve continued Access Study (2178 patients). The
five-year rate of structural valve deterioration was 4.38% in
patients receiving TAVI. Doppler echocardiography revealed
structural valve deterioration and was associated with worse
clinical outcomes.

Evaluation of the long-term durability of the percutaneous
valves focused on the feasibility [31-33] and the durability
[34-36] of the devices. Practically, the percutaneous
deployment of aortic valves is a well-accepted surgical
technique. The durability of the devices is not inferior to
surgical valves. The questions that shall be raised are related
to adverse events. They are fortunately rare but what to do in
case of adverse events as both mechanisms of transcatheter
valve degeneration [37] and formation of mural floating
thrombus are still largely unknown [38].

Systematic macroscopic and microscopic pathologic
analyses of self-expanding transcatheter aortic valves were
proposed by Yahagi et al. [20]. The valves were harvested
during the CoreValve US Pivotal Trial of extreme and high-
risk patients [39]. A total of 21 cases were collected, 19 death
and 2 surgical explants. Most of the patients died because of
heart failure. No fracture in the nitinol frame was observed.
Self-expanding valves demonstrated favorable pathological
findings and subclinical leaflet thrombus formation warrants
further investigation. The meta-analysis conducted by
Bogyi et al. [23] summarize the indication of treatments as
follows: oral anticoagulation is associated with lower risk

of subclinical leaflet thromboses compared to single anti-
platelet therapy and dual anti-platelet therapy. Proper patient
selection and clinicians’ experience in the implantation
technique are essential to reduce possible complications
that may occur during specific steps of the procedure. If
positioning is too low, mitral valve dysfunction, heart block,
paravalvular regurgitation, or embolization into the left
ventricular cavity can  occur. Long-term effects of lesser
degrees of leaflet contact are unknown; nevertheless, an
echocardiographic follow-up of the mitral regurgitation (MR)
after TAVI with the CoreValve revealed that post-procedure
regurgitation remained unchanged in the majority of patients,
but worsened in 33%, owing to the design characteristics and
final positioning. TAVI with a self-expanding CoreValve
system has a larger part extending into the LV outflow tract
compared to the Edwards-SAPIEN system [29]. Should
a floating thrombus be detected in patients fitted with a
percutaneous heart valve, a surgical approach can probably
be recommended [16]. The mechanism of such a thrombus
development can be analyzed with reference to the Virchow’s
triad: thrombosis is the result of alteration in the blood flow,
vascular endothelial injury or alteration in the constitution
of the blood. The endothelial injuries are ruled by surface
phenomena and with procoagulant surfaces, including
bacteria, shards of foreign materials, and biomaterials [27].

Study Limitations

We hereby report the investigations carried out on
a single case of floating thrombus after TAVI. Such a
pathological examination cannot be based upon accepted
guidelines because it is extremely rare. One can anticipate
that such explants will be defined based upon the ongoing
literature. The accessibility to control devices is difficult.
More investigations would be appropriate, specifically the
encroachment of the different materials.

Conclusion

Deployment of percutaneous aortic heart valves is a
well-accepted technology and the number of patients treated
increases very rapidly as TAVI is no longer restricted to frail
and elderly patients. Besides stimulating statistical reports,
there are adverse events that are  probably underreported.
Those features must be paid more attention, and the explant
analyses will allow the development of safer devices and
provide more precise guidelines.
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