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ABSTRACT
Background: Data on clinical or symptomatic leaflet thrombosis after transcatheter aortic valve replacement (TAVR) are limited.
Whether clinical leaflet thrombosis has significance beyond peri-TAVR stroke or transient ischemic attacks (TIA) is yet to be elucidated.

Methods: Between January 2012 and October 2015, we searched the MAUDE database for all entries with the identifier code,
“NPT,” designated by the U.S. FDA to identify TAVR-related adverse events (AEs). Selected entries were searched further for the
terms “leaflet,” “central aortic regurgitation,” and “aortic stenosis” to capture all events related to leaflet thrombosis causing
structural valve dysfunction (SVD). Presentation of leaflet thrombosis (aortic stenosis or regurgitation or mixed valve lesion), mode
of diagnosis (echocardiography, computed tomography, surgical explantation, or autopsy), and timing of presentation after TAVR
were recorded. For all AEs of SVD due to leaflet thrombosis, the following outcomes were recorded: stroke or TIA, cardiogenic
shock, and death from any cause.

Results: A total of 5691 TAVR-related AEs were reported in the MAUDE database. SVD due to leaflet thrombosis was reported in
30 cases. Most cases (n = 18/30, 60.0%, 95% CI 0.41–0.77) occurred in the first year following TAVR. SVD manifested as either aortic
stenosis (n = 16/30, 53.3%, 95% CI 0.34–0.72), or regurgitation (n = 7/30, 23.3%, 95% CI 0.10–0.42), or both (n = 4/30, 13.3%, 95%
CI 0.04–0.31). Interventions to address leaflet thrombosis included either escalation of antiplatelet or anticoagulant therapy (n = 9/
30, 30.0%, 95% CI 0.15–0.49), valve-in-valve TAVR (n = 5/30, 16.7%, 95% CI 0.06–0.35), or surgery (n = 14/30, 46.7%, 95% CI 0.28–
0.66), or their combination. Outcome following leaflet thrombosis included stroke/TIA (n = 3/30, 10.0%, 95% CI 0.02–0.27),
cardiogenic shock (n = 2/30, 6.7%, 95% CI 0.01–0.22), and death (n = 9/30, 30.0%, 95% CI 0.15–0.49).

Conclusion: Clinically manifest leaflet thrombosis was associated with serious manifestations that included stroke, cardiogenic
shock, and death.
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Introduction

Leaflet thrombosis of transcatheter heart valves is a recently
recognized and important mechanism of transcatheter heart
valve failure.1–3 Data from the Assessment of Transcatheter
and Surgical Aortic Bioprosthetic Valve Thrombosis and Its
Treatment with Anticoagulation (RESOLVE), and Subclinical
Aortic Valve Bioprosthesis Thrombosis Assessed with Four-
Dimensional Computed Tomography (SAVORY) registries

suggest that subclinical leaflet thrombosis, represented by
leaflet thickening on computed tomography, is more common
with transcatheter valves compared with bioprosthetic surgi-
cal valves, and is associated with increased rates of stroke or
TIA.4 However, data on clinical or symptomatic leaflet throm-
bosis remain limited.5 Whether clinically manifest leaflet
thrombosis has significance beyond peri-TAVR stroke or
transient ischemic attacks (TIA) is yet to be elucidated.
Specific possibilities include premature structural valve
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degeneration, central aortic regurgitation, recurrent heart fail-
ure, or an increased risk of sudden death.1

The Manufacturer and User Facility Device Experience
(MAUDE) database houses medical device reports submitted
to the U.S. Food and Drug Administration (FDA) by manda-
tory (manufacturers, importers, and device user facilities) and
voluntary (health care professionals, patients, and consumers)
reporters, and represents reports of adverse events involving
medical devices.6,7 Although limited by potential selection
bias, lack of independent adverse event adjudication, and
adverse event underreporting by manufacturers or overre-
porting by operators, MAUDE provides the opportunity to
identify device-related events that may be underrecognized, or
previously regarded as infrequent. In this study, we interro-
gated the MAUDE database to investigate the frequency,
management, and outcomes of TAVR-related adverse events
due to clinical or symptomatic leaflet thrombosis.

Materials and methods

Data collection

We searched the MAUDE database for all entries between
January 2012 and October 2015 with the identifier code,
“NPT,” which has been designated by the FDA to identify
TAVR-related adverse events. Selected adverse event entries
were searched further for the terms “leaflet,” “central aortic
regurgitation,” and “aortic stenosis” to capture all events related
to leaflet thrombosis causing structural valve dysfunction.
These entries were then manually screened one by one to select
all cases of leaflet thrombosis that were reported in the study
period. When more than one transcatheter valve was deployed
in a patient, data were collected for the last valve deployed.

Presentation of leaflet thrombosis (aortic stenosis or regur-
gitation or mixed valve lesion), mode of diagnosis (echocardio-
graphy, computed tomography, surgical explantation, or
autopsy), and timing of presentation after TAVR were recorded.
Leaflet thrombosis was diagnosed based on acute- or subacute-
onset of heart failure or stroke/TIA symptoms with either (1)
direct visualization of leaflet thrombosis on echocardiogram,
increase inmean gradient > 10mmHgwith no thrombus visible,
or regression of elevated mean gradient after oral anticoagula-
tion therapy; or (2) presence of reduced leaflet motion or
hypoattenuated leaflet thickening on computed tomography
angiogram (CTA); or (3) evidence of device thrombosis at
autopsy or via examination of tissue obtained during reoperative
surgical aortic valve replacement.8 Leaflet thrombosis events
were stratified based on a recently proposed temporal classifica-
tion that included a systematic review of published literature:
acute (0–3 days after TAVR), subacute (3 days to 3 months after
TAVR), late (3 months to 1 year after TAVR), and very late (>
1 year after TAVR).8 Interventions to address structural valve
dysfunction due to leaflet thrombosis, including medical therapy
(escalation of antiplatelet or anticoagulant therapy), valve-in-
valve TAVR, or surgery were also recorded.

For all adverse event entries of structural valve dysfunction due
to leaflet thrombosis, the following outcomes were recorded:
stroke or TIA, cardiogenic shock requiring vasopressor or
mechanical circulatory support, and death from any cause.

Adverse event entries were also stratified by valve type—bal-
loon-expandable (identified by the search terms “Edwards,”
“Sapien,” and “Ascendra”) versus self-expanding valves (identified
by the search terms “CoreValve,” “Medtronic,” and “Evolut”).

Exclusion criteria

All reports under the “NPT” code category that did not have
the term “leaflet dysfunction” were excluded. All cases of
structural valve dysfunction caused by procedure-related fac-
tors, such as valve embolization or malpositioning, or cases in
which structural valve dysfunction could not be classified into
either leaflet restriction or malcoaptation (termed “other/
unknown”) were excluded from the final analysis (Figure 1).

Statistical analysis

Descriptive statistical methods were used to describe medians
for continuous variables, and frequency for categorical variables.
Data analysis was performed using STATA 14.0 (StataCorp, TX).

Results

Between January 2012 and October 2015, a total of 5691 TAVR-
related adverse events were reported in the MAUDE database
(Edwards Sapien [Edwards Lifesciences, Irvine, CA, USA]
[n = 4252], and Medtronic CoreValve [Medtronic, Inc.,
Minneapolis, MN, USA] [n = 1437]). Of these, 546 adverse
events were segregated based on the pre-specified search terms.
Procedure-related structural valve dysfunction (n = 295), and
“other/unknown” structural valve dysfunction cases (n = 95)
were excluded. The final analysis included 156 adverse events
of structural valve dysfunction—leaflet restriction (n = 129), and
leaflet malcoaptation (n = 27) (Figure 1).

Structural valve dysfunction due to leaflet thrombosis was
reported in 30 cases (Edwards Sapien [Edwards Lifesciences,
Irvine, CA, USA] = 20; CoreValve [Medtronic, Inc.,
Minneapolis, MN, USA] = 10) (Table 1). Most cases (n = 18/30,
60.0%, 95% CI 0.41–0.77) occurred in the first year following
TAVR (acute = 4; subacute = 3; late = 11), with variable temporal
distribution of cases of very late leaflet thrombosis (n = 12/30,
40.0%, 95% CI 0.23–0.60) (13–60 months) (Figure 2A-2B).
Structural valve dysfunction manifested as either aortic stenosis
(n = 16/30, 53.3%, 95% CI 0.34–0.72), or regurgitation (n = 7/30,
23.3%, 95% CI 0.10–0.42), or both (n = 4/30, 13.3%, 95% CI 0.04–
0.31). The remainder of the three cases of leaflet thrombosis that
did not present as either aortic stenosis or regurgitation had
clinically manifest stroke/TIA. Recognition of aortic stenosis and
regurgitation due to leaflet thrombosis occurred at a mean of
15.5 ± 12.2 months and 10.1 ± 10.9 months after TAVR, respec-
tively. Figure 2C and 2D represent temporal distribution of aortic
stenosis and regurgitation due to leaflet thrombosis, respectively.
Interventions to address leaflet thrombosis included either escala-
tion of antiplatelet or anticoagulant therapy (n = 9/30, 30.0%, 95%
CI 0.15–0.49), valve-in-valve TAVR (n = 5/30, 16.7%, 95% CI
0.06–0.35), or surgery (n = 14/30, 46.7%, 95% CI 0.28–0.66), or
their combination. Other interventions included catheter manip-
ulation and aspiration of thrombus (n = 1), balloon aortic valvu-
loplasty (n = 1), and escalation of diuretic therapy for treatment of
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heart failure symptoms (n = 1). Two patients had no intervention
performed. Outcome following leaflet thrombosis included
stroke/TIA (n = 3/30, 10.0%, 95% CI 0.02–0.27), cardiogenic
shock (n = 2/30, 6.7%, 95% CI 0.01–0.22), and death (n = 9/30,
30.0%, 95% CI 0.15–0.49) (Table 2).

Discussion

In this study, clinical or symptomatic leaflet thrombosis
occurred in 30 cases, and represented at least 0.53% (95% CI
0.00–0.01) of all TAVR-related adverse events that were
reported in the MAUDE database. Most cases (18/30, 60.0%)
of leaflet thrombosis occurred within the first year following
TAVR, and presented as either aortic stenosis (53.3%) or
regurgitation (23.3%). Although prosthetic valve degeneration
more commonly presents as regurgitation due to leaflet calci-
fication and decreased leaflet mobility, prosthetic valve throm-
bosis may also be associated with new-onset regurgitation.10

In a study by Egbe and colleagues comparing clinical and
echocardiographic predictors of bioprosthetic heart valve
thrombosis and degeneration in 397 consecutive explanted
bioprostheses, 11% (5/46) cases of prosthetic heart valve
thrombosis presented with isolated regurgitation.11 In cases
that did not present with either aortic stenosis or regurgitation
(3/30, 10.0%), the manifesting symptoms were that of a stroke
in all 3 patients. Interventions to address clinical leaflet throm-
bosis included either medical therapy (escalation of antiplatelet
or anticoagulant therapy) (n = 8/30, 26.7%), valve-in-valve
TAVR (n = 3/30, 10.0%), or surgery (n = 14/30, 46.7%).
Although infrequently reported, clinically manifest leaflet
thrombosis was associated with a poor prognosis—stroke/TIA
in 10.0% (3/30) cases, cardiogenic shock in 6.7% (2/30) cases,
and death in 30.0% (9/30) cases. Death occurred in 7/9 cases
despite interventions to address clinical leaflet thrombosis
(escalation of medical therapy = 1; post balloon aortic valvulo-
plasty = 1; valve-in-valve TAVR = 3; surgery = 3).

Figure 1. CONSORT flow diagram demonstrating methodology of search for cases of leaflet thrombosis in the MAUDE database. SVD, structural valve dysfunction.
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With expanding indications for TAVR, there has been an
exponential increase in the number of TAVR procedures in the
U.S., with 24,808 TAVRs performed in 2015, compared with
4627 procedures in 2012.12 The frequency of leaflet thrombosis
in prior studies by Latib and co-workers and Córdoba-Soriano
and co-workers was low in comparison with the frequency
reported in the two recent registry studies (7% in the Danish
registry, and 13% in the RESOLVE and SAVORY registries).3,13–
15 However, a diagnosis of leaflet thrombosis in the latter two
studies also included the finding of hypoattenuated leaflet thick-
ening onmultidetector computed tomography without any clin-
ical manifestations, believed to represent subclinical leaflet
thrombosis. In the study by Latib and colleagues of 4266 patients
undergoing TAVR in 12 centers, of the 26 (0.61%) prosthetic
valve thrombosis cases diagnosed by echocardiography, deaths
occurred in 3 patients (11.5%). In our study, 9/30 (30%) patients
died—the diagnosis of leaflet thrombosis in 7/9 (77.8%) patients

was confirmed by either pathological examination of surgically
explanted transcatheter valve (n = 3) or autopsy (n = 4) (Tables 1
and 2). While these data do not provide the frequency of these
events, and undoubtedly the clinical events often led to the
recognition of leaflet thrombosis, they are useful in that they
establish definitive evidence of its occurrence.

This study has several inherent limitations commonly seen
with data extraction from a self-reported, publicly available data-
base with regard to ascertainment bias and lack of independent
verification of each report. The adverse event entries in the
MAUDE database only report the index adverse event, and
further clinical information with regard to final management of
the adverse event. If additional details become available later, they
are entered under the identical “MDR Report Key Number,”
enabling data collation. However, time lapse and interimmanage-
ment decisions between the occurrence of adverse events and final
interventions to address them are not available. For example, we

Table 1. Leaflet thrombosis following transcatheter aortic valve replacement: Presentation, temporal classification, type of intervention, and outcome.

Presentation
Number of
cases (%)

Duration of
onset after

TAVR
(months)
(mean ±

SD) Mode of diagnosisa
Temporal

classificationb Valve type Interventionc Outcome

Mode of
diagnosis if

death
occurreda

Aortic stenosis 16/30 (53.3%) 15.5 ± 12.2 Echo (n = 5);
surgical
explantation
(n = 7); autopsy
(n = 2); CT: (n = 1);
unknown (n = 1)

Acute (n = 0);
subacute (n = 1);
late (n = 9); very
late (n = 6)

Balloon-
expandable
(n = 12);
self-
expanding
(n = 4)

Wire
manipulation
(n = 0); post
BAV (n = 1); ViV
TAVR (n = 1);
surgery (n = 7);
medical therapy
(n = 6); no
intervention
(n = 1)

Cardiogenic shock
(n = 0); stroke (n = 1);
death (n = 3)

Echo (n = 1);
autopsy
(n = 2)

Aortic
regurgitation

7/30 (23.3%) 10.1 ± 10.9 Echo (n = 2);
surgical
explantation
(n = 4); autopsy
(n = 0);
angiography
(n = 1)

Acute (n = 2);
subacute (n = 1);
late (n = 1); very
late (n = 3)

Balloon-
expandable
(n = 5); self-
expanding
(n = 2)

Wire
manipulation
(n = 1); post
BAV (n = 0); ViV
TAVR (n = 1);
surgery (n = 4);
medical therapy
(n = 0); no
intervention
(n = 1)

Cardiogenic shock
(n = 1); stroke (n = 0);
death (n = 3)

Echo (n = 1);
Surgical
explantation
(n = 2)

Mixed 4/30 (13.3%) 21.3 ± 26.6 Echo (n = 1);
surgical
explantation
(n = 1); autopsy
(n = 1); CT (n = 1)

Acute (n = 0);
subacute (n = 1);
late (n = 1); very
late (n = 2)

Balloon-
expandable
(n = 1); self-
expanding
(n = 3)

Wire
manipulation
(n = 0); post
BAV (n = 0); ViV
TAVR (n = 1);
surgery (n = 2);
medical therapy
(n = 1); no
intervention
(n = 0)

Cardiogenic shock
(n = 0); stroke (n = 0);
death (n = 2)

Echo (n = 1);
autopsy
(n = 1)

No stenosis or
regurgitation

3/30 (10%) 7.3 ± 12.7 Echo (n = 1);
surgical
explantation
(n = 1); autopsy
(n = 1); unknown
(n = 0)

Acute (n = 2);
subacute (n = 0);
late (n = 0); very
late (n = 1)

Balloon-
expandable
(n = 2); self-
expanding
(n = 1)

Wire
manipulation
(n = 0); post
BAV (n = 0); ViV
TAVR (n = 0);
surgery (n = 1);
medical therapy
(n = 1); no
intervention
(n = 1)

Cardiogenic shock
(n = 1); stroke (n = 2);
death (n = 1)

Autopsy
(n = 1)

Notes. aModes of diagnoses were either echocardiography, surgical explantation or autopsy; in a series of 13 cases of prior TAVR who underwent a post-mortem
examination or who had a TAVR device surgically explanted, four cases of leaflet thrombosis were diagnosed only on pathological examination.9

bLeaflet thrombosis was stratified according to a recently published temporal classification, based on a systematic review of published literature.8
cMore than one intervention was performed in some patients to address leaflet thrombosis.
BAV, balloon aortic valvuloplasty; TAVR, transcatheter aortic valve replacement; ViV, valve-in-valve
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reported that more patients had surgery as a final intervention
after leaflet thrombosis was diagnosed, compared with escalation
of antiplatelet of anticoagulant therapy (47% vs. 30%). Whether
escalation of medical therapy was attempted prior to surgery or
valve-in-valve TAVR cannot be ascertained. Alternatively, it is
plausible that a different diagnosis (for e.g. infective endocarditis)
other than leaflet thrombosis was considered in patients that had
surgery. In addition, there is surely incomplete capture of all
events of leaflet thrombosis due to lack of standard definitions
during the study period, leading to missed diagnoses, and under-
reporting by manufacturers. However, all adverse events in the
MAUDE database were reported by industry representatives,
conforming to device-related event reporting requirements.
Although our search terms did not include “stroke/TIA” to cap-
ture cases of leaflet thrombosis that may have presented as stroke
or TIA, the broader search term “leaflet” was likely successful in
capturing such adverse event entries (3/3 patients without aortic
stenosis or regurgitation had stroke as the manifesting symptom).
Also, there was uncertainty with regard to appropriate

adjudication of stroke/TIA events in the TAVR population due
to leaflet thrombosis by using “NPT” and “stroke/TIA” as a search
strategy for MAUDE interrogation.

Despite these limitations and our obvious inability to ascer-
tain the frequency of leaflet thrombosis using this database, this
study demonstrates clearly that clinical or symptomatic leaflet
thrombosis following TAVR should not be regarded casually as
a benign event, and needs to be addressed seriously.

Conclusion

Clinical or symptomatic leaflet thrombosis is an uncommon
but serious adverse event following TAVR that portends a
grave prognosis. In cases reported in the FDA MAUDE data-
base, most occurred in the first year following TAVR, pre-
sented as either aortic stenosis or regurgitation, and required
surgery in 47% of cases. Clinically manifest leaflet thrombosis
in the MAUDE database was associated with serious clinical

Figure 2. Number of cases of leaflet thrombosis, temporal classification of leaflet thrombosis, and aortic stenosis and regurgitation due to leaflet thrombosis post-
TAVR.
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manifestations that included stroke, cardiogenic shock, and
death. As indications for TAVR expand to include patients at
intermediate and perhaps low risk for perioperative mortality
following surgery, an early diagnosis of leaflet thrombosis may
be crucial for planning appropriate management and optimiz-
ing clinical outcome of this patient subset.

Key messages

Leaflet thrombosis of transcatheter heart valves is a recently
recognized and important mechanism of transcatheter heart
valve failure. Whether clinically manifest leaflet thrombosis
has significance beyond peri-TAVR stroke or transient
ischemic attacks (TIA) is yet to be elucidated.

In this study, clinically manifest leaflet thrombosis was
associated with serious clinical manifestations that included
stroke, cardiogenic shock, and death.

Clinical or symptomatic leaflet thrombosis following TAVR
should not be regarded casually as a benign event, and needs to
be addressed seriously. As indications for TAVR expand, an
early diagnosis of leaflet thrombosis may be crucial for planning
appropriate management and optimizing clinical outcome.
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