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Abstract

Background: There is increasing focus on transcatheter heane @HV) thrombosis.

However, there are limited data on incidence, ciihimplications and predisposing factors of
THV thrombosis following transcatheter aortic vateplacement (TAVR).

Objectives: We assessed the incidence, potential predictodscinical implications of THV
thrombosis determined by contrast-enhanced mudtatiet computed tomography (MDCT) after
TAVR.

Methods: Among 460 consecutive patients undergoing TAVR \thit Edwards Sapien XT or
Sapien 3 (Edwards Lifesciences, Irvine, CA, USAyes, 405 (88%) underwent MDCT in
addition to transthoracic and transesophageal ectimgraphy 1-3 months post-TAVR. MDCT
scans were evaluated for hypo-attenuated lealfigtehing indicating THV thrombosis.

Results: MDCT verified THV thrombosis in 28 of 405 (7%) patis. A total of 23 patients had
subclinical THV thrombosis, while 5 (18%) patieetgperienced clinically overt obstructive
THV thrombosis. THV thrombosis risk did not diffieetween the Edwards Sapien XT and the
Sapien 3 valves, 8% (14/173) vs. 6% (14/232) (p20.#he risk of THV thrombosis in patients
not receiving warfarin was higher compared to pasieeceiving warfarin, 10.7% vs. 1.8%; RR,
95%CI: 6.09, 1.86-19.84. A larger THV was assodatéh an increased THV thrombosis risk
(p=0.03). In multivariable analysis, 29 mm THV (R¥#%%CI: 2.89, 1.44-5.80) and no post-
TAVR warfarin treatment (RR, 95%CI: 5.46, 1.68-17ifidependently predicted THV
thrombosis. Treatment with warfarin effectively egted THV thrombosis and normalized THV
function in 85% of patients as documented by follgwtransesophageal echocardiography and
MDCT.

Conclusions: The incidence of THV thrombosis in this large stues 7%. Larger THV size
may predispose to THV thrombosis, whereas treatméhtwarfarin appears to have a
protective effect. Although often subclinical, THéombosis may have important clinical
implications.

Key words: Aortic stenosis; multidetector computed tomograpgigtelet aggregation inhibitors
transcatheter aortic valve replacement; warfarin
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Introduction

Transcatheter aortic valve replacement (TAVR)vgedl-established treatment of severe
aortic stenosis. Owing to technical improvememntsteéased operator experience and refined
preprocedural imaging, it is an increasingly safé successful procedure (1,2). However, there
is increasing awareness of prosthesis valve thremladter TAVR (3-6). Accordingly, recent
reports have demonstrated that conventional po3tH Aansthoracic echocardiography (TTE)
follow-up is inferior for the detection of transhater heart valve (THV) thrombosis when
compared to contrast-enhanced multidetector cordgoteography (MDCT). Indeed, post-
TAVR MDCT has the ability to detect THV thrombosisasymptomatic patients with no
evidence of THV obstruction on TTE (3-5). Althougtten subclinical, THV thrombosis may
potentially lead to increased risk of stroke, THy¥styuction with heart failure or reduced long-
term THV durability, making early detection pivotalguide treatment. Current evidence
regarding THV thrombosis mainly builds on caseeseand small studies of non-consecutive
patients with short follow-up time (3-6). Conseqtgrthe incidence, clinical implications and
predisposing factors of THV thrombosis remain tdul understood. The aim of this study
was to assess the incidence, potential predia@osclinical implications of THV thrombosis
after TAVR with a balloon-expandable THV.
M ethods
Sudy population and transcatheter aortic valve replacement procedure

Among 460 consecutive patients undergoing TAVR i Edwards Sapien XT or
Sapien 3 (Edwards Lifesciences, Irvine, CA, USAAathus University Hospital between
January 2011 and January 2016, a total of 405 (&8f¢rwent MDCT in addition to TTE and

transesophageal echocardiography (TEE) 1-3 mofiistae TAVR procedure (routine follow-



up visit 1). These 405 patients form the basihefgresent study. In the remaining 55 patients
undergoing TAVR, MDCT was not performed becausdezth before follow-up (n=19),
severely impaired renal function (n=7) or patiegftusal/frailty (n=29). Clinical and TTE
assessment were performed in our outpatient cliimonths post-TAVR (routine follow-up
visit 2). All procedures were performed as parstaihdard clinical care.

TAVR was performed according to standard pracfige {HV size selection was based
on MDCT analysis, and balloon under-/overfillingdgrost-dilatation was performed in selected
cases (8,9).

Standard post-TAVR antithrombotic treatment congatidual antiplatelet therapy with
aspirin (75 mg/day) and clopidogrel (75 mg/day)¥@rmonths followed by lifelong aspirin (75
mg/day) (3).In patients with atrial fibrillatiorth¢ decision on treatment with warfarin alone or in
combination with one platelet inhibitor was at thecretion of the treating physician.
Echocardiographic assessment

TTE was performed before discharge and at routhevi-up visit 1 and 2. THV
function was assessed by the mean trans-THV griadiehthe effective orifice area (EQ4).
Paravalvular regurgitation (PAR) was graaittd, moderate or severe according to the Valve
Academic Research Consortium-2 criteria (10). Farrtiore, at routine follow-up visit 1 and
after THV thrombosis treatment, TEE was perforneetutther delineate the aortic root, THV
anatomy, and THV leaflet mobility (3).

Multidetector computed tomography acquisition

Pre- and post-TAVR contrast-enhanced MDCT exanonativere performed using a

second-generation dual-source CT system (SiemenatS8m Definition Flash, Siemens

Healthcare, Erlangen, Germany) as previously desdr{3). Post-TAVR MDCT scans were



performed using a prospectively electrocardiog@lBCG)-gated sequential acquisition
protocol in all patients.
Multidetector computed tomography analysis

MDCT examinations were analyzed using commerciligilable software (syngo.via
and Multimodality Workplace, Siemens Healthcarecheim, Germany). On pre-TAVR MDCT
scans, aortic root dimensions and degree of cedtifin was determined as previously described
(7). Post-TAVR MDCT scans were evaluated for hyterauated leaflet thickening indicating
THV thrombosis (3). Leaflet thrombus was definedhgso-attentuating leaflet thickening or a
more focal hypo-attenuating abnormality attachethéoTHYV leaflet and/or diffuse thickening of
1 or more THV leaflets. The finding had to be idiable on at least two reconstructed planes
(double-oblique axial and multiplanar reformattedanstructions). In the event of THV
thrombosis, the number of leaflets involved as welmaximal leaflet thickening was assessed.
THV dimensions, eccentricity, and expansion wesessed as previously described (3). THV
underexpansion was defined as an expansion rai®a%f at both the inflow, midportion and
outflow. The THV was deemed noncircular if eccerityiwas >10% at both the inflow,
midportion and outflow.
Transcatheter heart valve thrombosis diagnosis, treatment and follow-up

Follow-up MDCT and echocardiography were perforrhgdeparate operators, but all
imaging and clinical information were availablethe threating physician. As per institutional
policy, initiation of warfarin alone or in combinamh with antiplatelet therapy was recommended
in patients with MDCT evidence of THV thrombosisit the final decision was at the discretion

of the treating physician taking into account théent’s bleeding risk and preferences.



Additional TTE, TEE and MDCT was performed 3 mondlfier the diagnosis of THV
thrombosis.
Satistical analysis

The risk ratio (RR) with 95% confidence intervatgldahe chi-square are calculated to
compare THV thrombosis riskd ébles 1-3). Left ventricular ejection fraction [LVEHR35% at
hospital discharge, use of a 29 mm THV and no pé&tR warfarin treatment were entered into
a log-linear model for binary data to estimate atjd RRs for THV thrombosis (3-5). Clinical
implications of THV thrombosis were studied by campg the distribution of various factors
between THV thrombosis and non-THV thrombosis pasi€l able 4 and 5). Continuous
normally distributed variables are presented asnastandard deviation (SD) and compared
using the unpaired or paired Student’s t-test. Qtfstributed continuous variables are presented
as median [interquartile range] and compared usiadviann-Whitney-U test. Categorical
variables are presented as frequencies (percept@mygsompared using Fisher’s exact test or
chi-square as appropriate. A two-tailed p valu®5Q@vas considered statistically significant. All
analyses were performed using Stata 12 (StatadeyChllege Station, TX, USA).
Results
Predictors of transcatheter heart valve thrombosis

Baseline characteristics

Table 1 depicts the risk of THV thrombosis in relationpiee-TAVR clinical
characteristics, while THV thrombosis risk in redatto pre-TAVR echocardiographic and
MDCT characteristics are shown in Online Table &dMn (IQR) age of the study cohort was

83 (78-86) years, 54% were female and median (I®R)ety of Thoracic Surgeons predicted



risk of mortality (STS PROM) was 5.3 (3.6-7.1). THWombosis risk was higher in patients
with atrial fibrillation and eGFR30 ml/min, and tended to be higher in males.
Procedural data, THV and pre-discharge echocardiographic characteristics

Information on THV thrombosis risk related to prdoeal data and pre-discharge
echocardiographic characteristics are providefable 2. A larger THV were associated with
THV thrombosis (p=0.03). Otherwise, there were fffeences in THV thrombosis risk in
relation to procedural characteristics or THV fuoetbetween groups. THV oversiziad 7% vs
>17% did not affect THV thrombosis risk significentOf note, the risk of THV thrombosis did
not differ between the Edwards Sapien XT and th@eBe3 valve.
Post-procedural antithrombotic regimen

Antithrombotic regimens from the TAVR procedureilrgutine follow-up visit 1 are
outlined inTable 3. The risk of THV thrombosis in patients not receg/warfarin was higher
compared to patients receiving warfarin, 10.7%1v8%; RR, 95%CI: 6.09, 1.86-19.84. In
patients receiving mono antiplatelet therapy, thle of THV thrombosis was 18.8% (6/32).
Multivariable analysis of predictors of transcatheter heart valve thrombosis

In multivariable analysis, a 29 mm THV (RR, 95%€89, 1.44-5.80) and no post-
TAVR warfarin treatment (RR, 95%CI: 5.46, 1.68-0)7but not LVEF<35% at discharge (RR,
95%CI: 2.21, 0.93-5.26), independently predicted/TtHrombosis.
Incidence and clinical implications of transcatheter heart valve thrombosis

Routine follow-up visit 1

There was no difference in median (IQR) intervahirthe TAVR procedure to follow-up

in the non-THV thrombosis group vs. the THV thromlguoup, 42 (25-59) vs. 43 (28-57) days



(p=0.55). Post-TAVR MDCT effective radiation doge3v) was similar in the non-THV
thrombosis group vs. the THV thrombus group, 3.6%6. 2.9+1.7 (p=0.63).

There was no difference between the mean trans-gtdslient at predischarge vs. at
routine follow-up visit 1 in the THV thrombosis gne, 10£5 vs. 10+4 mmHg (p=1.00). The
trans-THV mean gradient was higher among THV throsibpatientsTable 4). Left
ventricular ejection fraction35% was two-fold more frequent among patients Whtv
thrombosis compared to those without, 5 (18%) 098%6) patients (p=0.08). There was no
difference in 30-day complication rates betweentifeegroups.

Follow-up and treatment of transcatheter heart valve thrombosis

At routine follow-up visit 1, post-TAVR MDCT demotrated THV thrombosis in 24
patients. Additionally, 4 patients presented withtVithrombosis before or after routine follow-
up visit 1. Thus, the THV thrombosis group comi28 of 405 (7%) patients. TEE
demonstrated leaflet thickening and/or restricteadlet movement in 24 (86%) patients. In 2
(7%) patients, there were no abnormal findings Bit,;Twhile 2 (7%) patients did not undergo
TEE. No patients without THV thrombus determinedyCT had compromised leaflet
motility by TEE.

Warfarin alone or in addition to antiplatelet th@ravas prescribed in 4 (14%) and 17
(61%) patients, respectively. In the 3 (11%) pdseiready receiving warfarin, the target INR
level was raised to 2.5-3. In 4 (14%) patientstireuantithrombotic therapy without warfarin
was maintained, and additional downstream TEE abBbdCWMimaging were planned. Of these
four patients, two experienced spontaneous THVntlwgs regression, whereas two had THV
thrombosis progression and warfarin was initiale€E and MDCT follow-up after 3 months of

treatment showed complete thrombus resolution % 85casesKigures 2 and 3).



Obstructive transcatheter heart valve thrombosis

Five (18%) patients developed obstructive THV thibosis with heart failure symptoms
during the 12-month follow-up period. Details redjag these cases are presented in Online
Table 2. In 1 patient, obstructive THV thrombosisvdiagnosed at routine follow-up visit 1,
whereas 1 presented with symptoms of heart fabbefere and 3 patients 3-8 months after the
routine follow-up visit 1. Four (80%) of these patis received mono antiplatelet therapy. No
cases of THV obstruction were observed among patigithout THV thrombosis.

Selected clinical characteristics, THV thrombusrabteristics and outcomes in patients
with non-obstructive versus obstructive THV throrsiscare presented in the supplementary
Table S3. No patients with obstructive THV thrombagceived warfarin as part of post-TAVR
antithrombotic therapy. Patients with obstructivéVithrombosis had involvement of more
THV leaflets than patients with non-obstructiveotinbus (1.3+0.5 vs. 2.4+0.5; p=0.0001), and
the mean maximal leaflet thickness was signifigahifjher (4.2+1.8 mm vs. 7.5+1.3 mm;
p=0.0007).

Routine follow-up visit 2

The median time from the TAVR procedure to roufmléow-up visit 2 in the non-THV
thrombosis group vs. the THV thrombus group was (380-383) vs. 363 (348-375) days
(p=0.45).

As shown inFigure 1, routine follow-up visit 2 data including clinicahd
echocardiographic assessment as well as mortédittysswere available in 335 (83%) patients.
Twelve-month all-cause mortality was 17% (54/316)he non-THV thrombosis group vs. 11%
(2/19) among patients with THV thrombosis (p=0.7B)elve-month follow-up data with

echocardiography and information on stroke weréaa for 229 patients in the control group



and 17 patients with THV thrombosis (Table 5). atipnts with THV thrombosis, mean trans-
THV gradient was lower at routine follow-up visit/8. routine follow-up visit 1, 944 mmHg vs.
11+4 mmHg (p=0.03). Antithrombotic regimens atdatup visit 2 are outlined in Online Table
4.

Discussion

In this study comprising the largest to date amdfitst consecutive cohort having MDCT
performed following TAVR with the Edwards XT or Edvds S3 THVs, the incidence of THV
thrombosis was 7%. While in the vast majority asesthere were no signs of THV obstruction
on TTE, 18% of patients with THV thrombosis forneaitideveloped clinically overt obstructive
THV thrombosis. Other main findings were that tise of a 29 mm THV and no warfarin post-
TAVR treatment were independently associated witimareased risk of THV thrombosis.
Treatment with warfarin effectively reversed TH\Ydmbosis findings and normalized THV
function.

Two recent smaller studies assessed the presef¢é\bthrombosis with MDCT as the
diagnostic modality. Makkar et al (5) and Pachal €4) performed retrospective ECG-gated
MDCT scans allowing assessment of THV leaflet molpdy as well as leaflet mobility
throughout the cardiac cycle. In contrast, thegmestudy evaluated THV leaflet morphology by
performing low-radiation dose prospective ECG-g&ICT imaging, while THV leaflet
mobility was assessed by TEE. We believe that TEiges the most comprehensive
evaluation of THV function. THV leaflet mobility asssment is most likely improved compared
to MDCT assessment due to the superior temporalutsn of TEE. Additionally, TEE is a
valuable supplement to TTE for evaluation of PARe Tdund that the agreement between

MDCT-verified THV thrombosis and restricted THV fk#t mobility on TEE was high, and
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importantly, no patients without THV thrombosis DCT had restricted THV leaflet mobility
on TEE. Taken together these findings suggestsatfrantline diagnostic strategy for THV
thrombosis may consist of TTE and THV leaflet maiplgy assessment by MDCT with
supplementary TEE in cases of equivocal MDCT figdior contraindications to MDCT. In our
experience, MDCT offers several potential advargagesr TEE regarding detection of THV
thrombosis, e.qg. it is less invasive, less operdépendent and, in fact, it detected a few more
cases of THV thrombosis in this study.

The pooled data presented by Makkar et al (5) dstrated reduced leaflet motion and
hypo-attenuating opacities in 40% of 55 TAVR patisein a clinical trial and 13% of 132
patients (105 THVs, 27 bioprosthetic surgical vajMe two registries. Pache et al.(4) detected
hypo-attenuated leaflet thickening in 10.3% of paients (from a cohort of 249 consecutive
patients) undergoing TAVR with the Edwards S3 THVnone of these studies, cases of THV
dysfunction attributable to THV thrombosis wereganeted. The present study extends these
findings to a larger cohort with more extensivédatup, and furthermore illustrates the
important clinical implications of THV thrombosi&dditionally, we included 88% of all
patients undergoing TAVR at our institution, theducing the risk of selection bias compared to
the aforementioned studies. The differences in Thtdmbosis incidence between studies may
result from major differences in crucial determitsaof outcomes. First, the interval from TAVR
procedure to MDCT follow-up differs significantlyetween studies ranging from 5 days to 3
months. Moreover, the proportion of patients reiogj\post-TAVR anticoagulant therapy varied
between 20% and 40%. Finally, different THV typesr@vinvestigated (4,5). Of note, Latib et
al.(11) recently reported an incidence of THV thbasis of 0.61% in a multicenter retrospective

registry including >4000 patients. However, the ongy of these patients had progression of
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symptoms and the diagnosis of THV thrombosis wagdtanainly on TTE, thus the true
incidence of THV thrombosis was likely underestieth(3).

There is limited evidence on the optimal antithratbtherapy following TAVR, and
current recommendations regarding post-TAVR artitiiyotic therapy have been empirically
determined (12-14). In a recent metaanalysis coimgpaspirin vs. aspirin+clopidogrel following
TAVR, there was no difference in the 30-day clihimad cerebrovascular adverse event rate,
however a trend towards more bleeding in the aspitopidogrel group was demonstrated (15).
In this context, it should be acknowledged thatis study, mono therapy with aspirin was
associated with a THV thrombosis risk of 25% anthartantly, all patients experiencing
obstructive THV thrombosis, received mono antipé&ittherapy. Moreover, the present study
indicates that a post-TAVR antithrombotic regimathaut warfarin seems to predispose to
THV thrombosis (5). In line with these findings aeeent data from a multicenter registry
demonstrating that lack of anticoagulant theraplp¥ing TAVR seems associated with THV
dysfunction (16). The protective effect of anticokt therapy may explain the lower incidence
of THV thrombosis among patients with atrial fikation in this study. Several ongoing
randomized trials, such as the GALILEO trial (NC568203) and the POPular-TAVI trial
(NCT02247128), will provide data on the use of mitamin K antagonist oral anticoagulants
(NOAC) and antiplatelets after TAVR.

Currently, there is no consensus on how to treaf Tifombosis. As in previous studies,
anticoagulation with warfarin was effective in trest majority of patients in the present study
(4,5,11,17). We and others have observed recuri@iteV thrombosis after discontinuation of
warfarin, thus indicating that short-term warfatieatment of THV thrombosis may not suffice

in patients prone to developing THV thrombosis E)rthermore, there is still uncertainty

12



regarding the natural history of THV thrombosis.pdthetically, spontaneous THV thrombosis
resolution may explain the discrepancy observediédet the incidence of incidental THV
thrombosis and clinically overt obstructive THVdhrtbosis. The data provided in this and
previous studies suggest that follow-up MDCT ingras with THV thrombus will show either
no regression or even progression in most patightscontinue antiplatelet therapy only (4,5).
Moreover, we observed cases of incidental THV thyosis progressing to clinically overt THV
thrombosis with accompanying THV obstruction anchgioms of heart failure. These findings
suggest that early detection and anticoagulation lmeacrucial in order to prevent deterioration
of THV function. An alternative strategy to the amsed in this study is “watchful waiting”
including serial clinical and imaging follow-up \Wianticoagulation being initiated only in the
event of clinical THV thrombosis. However, 1 of &tients with obstructive THV thrombosis in
this study did deteriorate despite initiation ofiemagulation. Furthermore, the clinical
consequences of non-obstructive THV thrombosis atsty include decreased long-term THV
durability and increased risk of stroke, althoughessment of the latter association is
challenging due to the potential multiple mechasismderlying TAVR-related stroke (5,18).
The safety of a “watchful waiting” strategy neeedirmkation in future studies.

We demonstrated for the first time an associatetvben larger THV size and THV
thrombosisEx vivo data have shown that local flow dynamics in timeisés of Valsalva are
modified upon THV implantation (19). Whether théseal flow dynamics are further modified
by THV size/type, and thus play a causative roldemnelopment of THV thrombosis may be
speculated. Additional procedural manipulationhef THV (e.g. post-dilatation), post-
deployment THV geometry and degree of THV overgiaird not affect the incidence of THV

thrombosis in this or in other studies (4,5,11).attter the rate of THV thrombosis varies with
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different types of THVs remains unclear, but diéfier designs (e.g. suprannular vs.
intraannuluar) leading to differences in local fldwnamics and variations in leaflet material (ie.
porcine vs. bovine) may potentially account fofetiénces in thrombogenicity. Recently, it was
shown that platelet activation appears to be Iebamced in the Sapien 3 compared with Sapien
XT, possibly due to the lower rate of post-TAVR taoregurgitation. However, in the present
study the incidence of THV thrombosis did not ditietween these two THVs (20). Studies
including a larger number of THV thrombosis casesreeeded in order to further elucidate
specific risk factors for THV thrombosis.
Limitations

This study has the inherent limitations of an obagonal single-center design. The
diagnosis of THV thrombosis was not confirmed bstdlogy or autopsy, however THV leaflet
thickening and restricted mobility was rapidly resible by anticoagulation as documented by
follow-up TEE and MDCT strongly underlining the dinnbotic nature of these findings. The
selection of variables included in the multivarebtodel for prediction of THV thrombosis,
although based on knowledge from previous stughas,posthoc in nature. The present study
design does not allow for conclusions on the natusiory and management of THV
thrombosis. Data in this real-world observatioriatly were collected in a nonselected cohort of
patients and involved multiple MDCT, echocardiodngpand TAVR operators unblinded to the
test results. There is no established consenstiseadnterpretation and management of imaging
findings indicative of THV thrombus. In our centdre diagnostic strategy has previously been
described (3). It should be acknowledged thatitmeat decisions may have varied among
observers taking into account also clinical obstowa, e.g. symptoms, bleeding risk and patient

preferences. However, this study included all paién a defined time period and represents
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consecutive data from a contemporary and reletadyohort in a real-world setting. As well,
impact of untreated THV thrombosis on clinical artes and structural valve degeneration is
not answered by our data. This study is confineithiédirst 12 months after THV and therefore
does not provide data on long-term impact or treigence of late THV thrombosis.
Concerning warfarin-treated patients, the Inteorati Normalized Ratio (INR) levels from
discharge to routine follow-up visit 1 were not gatale. Finally, our findings may not be
generalizable to other types of THVs.
Conclusion

The incidence of THV thrombosis in this large stues 7%. Larger THV size may
predispose to THV thrombosis, whereas treatmert wétrfarin appears to have a protective
effect. Although often subclinical, THV thrombosmay have important clinical implications.
Future studies are warranted to assess whetherehipost-TAVR antithrombotic therapy can

reduce the incidence of THV thrombosis.
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FigureLegends

Central Illustration. Transcatheter heart valve thrombosis was detected by MDCT in 28
(7%) of 405 patients. In this study cohort, larger THV size and no pbaVR warfarin
treatment was found to be associated with increaskaf THV thrombosis. Warfarin
effectively reverted THV thrombosis and normaliZédV function.

LVEF: left ventricular ejection fraction, MDCT: nmtidetector computed tomography, TAVR:
transcatheter aortic valve replacement, THV: tratisgter heart valve

Figure 1. Flow-chart of study population. Flow-chart depicting the inclusion and follow-up of
patients in the study cohort.

Figure 2. Case of incidental THV thrombosis. A and B) At one-month routine post-TAVR
follow-up, MDCT demonstrated hypo-attenuated l¢dfieckening on two leaflets consistent
with THV thrombosis. There were no signs of THV tobstion on TTE (mean gradient 9
mmHg, EOAy 1.6 cnf). C and D) Full thrombus resolution after 3 morwhsvarfarin and
aspirin treatment. EOA: effective orifice area, MD@nultidetector computed tomography,
THV: transcatheter heart valve, TTE: transthor&cicocardiography

Figure 3. Case of obstructive THV thrombosis. A and B) At one-month routine post-TAVR
follow-up, this patient presented with heart faélwymptoms. MDCT demonstrated hypo-
attenuated leaflet thickening involving tow leadleTHV obstruction (mean gradient 23 mmHg,
EOAmy 1.0 cnf) was detected by TTE. C and D) After 3 months affarin and aspirin therapy
there was full thrombus resolution at MDCT and Tbhétruction had resolved (mean gradient
9mmHg, EOAwy 1.8cnf).

EOA: effective orifice area, MDCT: multidetectorraputed tomography, THV: transcatheter

heart valve, TTE: transthoracic echocardiography.
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Tablel1l. Therisk of THV thrombosisin relation to pre-TAVR basdlineclinical

characteristics

Risk of THV
) RR (95%Cl) p value
thrombosis
Clinical characteristics

<80y 6.4% (8/125)

Age 1.12 (0.51-2.46) 0.79
>80y 7.1% (20/280)
=emalt 4.6% (10/216)

Gender 2.06 (0.98-4.35) 0.05
Vale 9.5% (18/189)
<20kg/n? 12.2% (5/41) Reference

BMI 20-30kg/nt 6.7% (18/269) 0.55 (0.22-1.40) 0.21
>30kg/n? 5.3% (5/95) 0.43 (0.13-1.41) 0.16
\o 7.3% (23/313)

Diabetes 0.74 (0.23-1.89) 0.52
Yes 5.4% (5/92)
\o 7.4% (21/285)

COPD 0.80 (0.36-1.81) 0.58
Yes 5.8% (7/120)

Atrial \o 10.1% (22/217)

o 0.31 (0.13-0.76) 0.006

fibrillation Yes 3.2% (6/188)

Peripheral No 7.7% (26/337) 0.38 (0.10-1.57) 0.16
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vascular

_ Yes 2.9% (2/68)
disease
Previous No 6.1% (19/313)
cerebrovascul 1.61 (0.75-3.44) 0.22
ar disease Yes 9.8% (9/92)
Previous No 6.6% (20/305)
myocardial 1.22 (0.55-2.68) 0.62
Previous No 7.2% (22/304)
open heart 0.82 (0.34-1.97) 0.65
surgery Yes 5.9% (6/101)
Permanent No 6.6% (23/351)

1.41 (0.56-3.56) 0.47

BRIl Yes 9.3% (5/54)

>30 ml/min ~ 6.0% (22/365)
eGFR 2.49 (1.07-5.77) 0.03
<30 ml/min  15.0% (6/40)

<3 11.3% (6/53) Reference
STS PROM 3-8 6.0% (17/281) 0.53 (0.22-1.29) 0.16
>8 7.0% (5/71) 0.62 (0.20-1.93) 0.41

BMI: body mass index, COPD: chronic obstructivenpoihary disease, eGFR: estimated
glomerular filtration rate, STS PROM: Society ofofacic Surgeons predicted risk of mortality
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Table 2. Risk of THV thrombosisin relation to procedural and pre-discharge

echocar diographic characteristics

Risk of THV

thrombosis

RR (95%Cl)

p value

Procedural characteristics

Access route

THV model

THYV size

THV oversizing*

Post-dilatation

THV

nderexpansion
udeepasoJrYe

Noncircular

Femoral

Apical

Aortic

Edwards Sapien
XT

Edwards Sapien
3

23 mm
26 mm
29 mm
<17%
>17%
No
Yes
No

S

No

8.5% (21/246)
4.6% (7/151)

0% (0/8)

8.1% (14/173)

6.0% (14/232)

2.3% (2/88)
6.1% (12/198)
11.8% (14/119)
9.0% (18/201)
4.9% (10/204)
6.4% (24/375)
13.3% (4/30)
6.9% (27/392)
7.7% (1/13)

6.9% (28/403)

0.54 (0.24-1.25)

0.74 (0.37-1.52)

Reference

2.67 (0.61-11.66)

5.17 (1.20-22.19)

0.55 (0.26-1.16)

2.08 (0.77-5.61)

1.12 (0.16-7.60)

0.14

0.42

0.17

0.011

0.11

0.15

0.91

22



THVT

Echocar diography

LVEF

Mean trans-THV

gradient*

EOATHv*

MR

PAR

Yes

>35%

<35%
<8 mmHg
>8 mmHg
<1.5 cnf
>1.5 cnf
<Moderate
>Moderate
None
Mild
Moderate

Severe

0% (0/2)

6.3% (23/365)
12.5% (5/40)
7.1% (15/210)
6.7% (13/195)
7.0% (17/244)
6.8% (11/161)
6.7% (26/388)
11.8% (2/17)
4.5% (9/199)
9.6% (17/178)
8.3% (2/24)

0% (0/4)

1.98 (0.80-4.93)

0.93 (0.46-1.91)

0.98 (0.47-2.04)

1.76 (0.45-6.80)

Reference
2.11 (0.97-4.62)

1.84 (0.42-8.03)

0.14

0.85

0.96

0.42

0.06

0.42

EOA: effective orifice area, LVEF: left ventriculejection fraction, MR: mitral regurgitation,

PAR: paravalvular regurgitation, THV: transcathéteart valve

* For continuous variables, the presented threshekele based on medians or means as

appropriate

T As evaluated by post-TAVR CT at routine follow-uigit/1
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Table 3. Risk of THV thrombosisin relation to post-TAVR antithrombotic therapy until 1-
to 3-month post-TAVR follow-up (routine follow-up visit 1).

Risk of THV thrombosis
[95%CI]
0% (0/1)
None
[0.0-97.5%)]
. 25.0% (4/16)
Aspirin only

[7.2-52.3%]
12.5% (2/16)
[1.5-38.3%]
9.7% (19/195)
[6.0-14.8%]
7.1% (2/28)
[0.9-23.5%]
1.0% (1/96)

Clopidogrel only

Aspirin+clopidogrel

Warfarin only

Warfarin+aspirin

[0.0-5.7%]
. . 0% (0/41)
Warfarin+clopidogrel
[0.0-8.6%]
. . _ 0% (0/6)
Warfarin+aspirin+clopidogrel
[0.0-45.9%)]
0% (0/5)
NOAC only
[0.0-52.2%)]
Warfarin part - 1.8% (3/171)
of post-TAVR [0.4-5.0%]
antithrombotic 10.7% (25/234)
No
therapy* [7.0-15.4%)]

NOAC: non-vitamin K antagonist oral anticoagulaftVVR: transcatheter aortic valve
replacement

* The risk of THV thrombosis in patients not redaty warfarin vs. patients receiving warfarin:
10.7% vs. 1.8% (p=0.0005); RR, 95%CI: 6.09, 1.8(849
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Table 4. Echocar diographic at 1- to 3-month post-TAVR follow-up (routine follow-up visit

1) and 30-day complication rate

Total THYV thrombosis
(n=405) - (n=377) +(n=28) AU
Echocar diography
LVEF <35% 35 (9) 30 (8) 5 (18) 0.08
Mean trans-THV gradient
(mmHg) 8+3 8+3 1047 0.003
EOAv (cnf) 1.6+0.4  1.6:0.4 1.5+0.5 0.21
Moderate/Severe MR 32 (8) 29 (8) 3(11) 0.48
PAR
none 181 (45) 174 (46) 7 (25)
mild 196 (48) 177 (47) 19 (68) 0.16
moderate 26 (6) 24 (6) 2(7)
severe 2 (0.5) 2 (0.5) 0
30-day complications
Stroke 5(1) 4 (1) 1(4) 0.30
Major vascular complications 19 (5) 18 (5) 1(4) oqQ.
Major bleeding 16 (4) 14 (4) 2 (7) 0.31
Pacemaker 21 (5) 19 (5) 2 (7) 0.65

Values are n(%) or mean +SD.
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EOA: effective orifice area, LVEF: left ventriculajection fraction, MR: mitral regurgitation,

PAR: paravalvular regurgitation, THV: transcathéteart valve
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Table 5. Twelve-month post-TAVR follow-up 2 (routine follow-up visit 2)

Total THYV thrombosis

p value
(n=246) - (n=229) + (n=17)
Stroke 10 (4) 8 (3) 2 (12) 0.15
Echocar diography
LVEF <35% 30 (12) 27 (12) 3(18) 0.44
Mean trans-THV
_ 8+4 8+4 9+4 0.32
gradient (mmHQ)
EOAmv (cnt) 1.740.5 1.6x0.5 1.6+0.6 0.43
Moderate/Severe MR 17 (7) 15 (7) 2(12) 0.33
PAR
none 162 (66) 154 (67) 8 (47)
mild 71(29) 64 (28) 7 (41)
0.29
moderate 12 (5) 10 (4) 2 (12)
Severe 1(0.4) 1(0.4) 0

Values are n(%) or mean +SD if not stated otherwise
EOA: effective orifice area, LVEF: LVEF: left vertular ejection fraction, MR: mitral

regurgitation, PAR: paravalvular regurgitation, THxanscatheter heart valve
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Consecutive TAVR patients
evaluated for inclusion:

Within 12 months from TAVR at the|

n=460
No 1- 3-months post-TAVR MDCT:
N - death: n=19
71 -impaired renal function: n=7
v - other: n=29
Patients included in the study at 1-
to 3-months post-TAVR follow-up
(routine follow-up visit 1):
n=405
A A
- THV thrombosis + THV thrombosis
n=377 n=28
> No further follow-up:
- death: n=1
Follow-up 3 months after diagnosis
time of data analysis: of THV thrombosis:
n=61 n=27
Less than 12 months away from
P»| TAVR at the time of data analysis:
n=8
Y Y
12-months post-TAVR follow-up 12-months post-TAVR follow-up
(routine follow-up visit 2): (routine follow-up visit 2):
n=316 n=19
Echocardiographic and clinical Echocardiographic and clinical Echocardiographic and clinical Death: n=2

n=229

data available:

Death: n=54

data not available:

n=33

data available:
n=17
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Online Table 1. Risk of TVH thrombosisin relation to baseline echocar diographic and MDCT
characteristics.

Risk of THV RR (95%Cl)
) p value
thrombosis
Echocardiography
>35% 6.2% (21/341)
LVEF 1.78 (0.79-4.00) 0.17
<35% 10.9% (7/64)
<40
Mean 6.5% (16/246)
) mmHg
transaortic 40 1.16 (0.56-2.39) 0.69
>
gradient* 7.5% (12/159)
mmHg
<0.7 cnf 7.8% (20/258)
EOA* 0.53 (0.22-1.28) 0.15
>0.7 cnf 4.1% (6/147)
<Moderate 6.6% (22/332)
MR 1.24 (0.52-2.95) 0.63
>Moderate 8.2% (6/73)
MDCT assessment
Mean <25 mm 6.3% (14/222)
_ . 1.21 (0.59-2.48) 0.60
diameter >25 mm 7.7% (14/183)
<5.0 cnf 6.2% (16/257)
Area* 1.30 (0.63-2.68) 0.47
>5.0 cnf 8.1% (12/148)
<20% 8.3% (17/204)
Eccentricity* 0.66 (0.32-1.37) 0.26
>20% 5.5% (11/201)



Aortic root <0.60 cn 5.5% (11/201)
calcium 1.52 (0.73-3.17) 0.26
T >0.60 cn 8.3% (17/204)

EOA: effective orifice area, LVEF: left ventriculajection fraction, MDCT: multidetector
computed tomography, MR: mitral regurgitation

* For continuous variables, the presented threshelere based on medians or means as appropriate



Online Table 2. Patients with obstructive THV thrombosis

Case 1- to 3-month follow-up Antithrombotic regimen Time of diagnosis of THV obstruction
until diagnosis of THV
obstruction
NYHA MDCT TEE TTE Timing NYHA MDCT TEE TTE
1 n/a n/a n/a n/a Aspirin before 1- to 3-mo. 4 RCryy and LGy Thickening and Mean
FU thickened restrictive gradient 10
movement of mmHg
RGrhy EOAmy
0.6 cnf
LVEF 30%
2 1 NGy and Restrictive Aspirin 5 months after 1- 3 NGy and LGy Restrictive Mean
LCtny thickened movement (THV thrombosis at 1- to 3- to 3-mo. FU thickened movement of  gradient 21
of NCruy mo. FU treated with LCrhyv mmHg,
AND LCrny warfarin+aspirin, 2 months EOAm v
later complete thrombosis 0.9 cnf
resolution and warfarin LVEF 60%
discontinued)
3 2 LCrhy mildly Normal Mean Clopidogrel 8 months after 1- 3 All leaflets thickened n/a Mean
thickened, THV gradient 10 to 3-mo. FU gradient 25
thrombosis mmHg, mmHg.
deemed EOAmy n/a, EOAmLy
uncertain LVEF 60% 0.8 e,
LVEF 60%
4 2 NGy mildly Normal Mean Aspirin (clopidogrel 3 month after 1-3 3 All leaflets thickened Restricted Mean
thickened, THV gradient 18 discontinued) mo. FU movement and gradient 32
thrombosis mmHg, thickening of mmHg,
deemed EOAy n/a, LCrnv EOAMY
uncertain LVEF 60% 0.7, LVEF
60%
5 - - - - Clopidogrel+aspirin at 1- to 3-mo. FU 3 NCrhy and RGhy Restricted Mean
thickened movement and gradient 23
thickening of mmHg,
NCryv and RGry EOAy
1.0, LVEF

20%




Online Table 2- continued. Patientswith obstructive THV thrombosis

Case Post-THV obstruction follow-up
Antithrombotic  NYHA MDCT TEE TTE
treatment
1 Warfarin+aspirin n/a n/a n/a n/a
(deceas
ed)
2 Warfarin+aspirin 1 THV Normalized Mean gradient
thrombus 10 mmHg,
regression EOAy 1.4
cn¥, EF 60%
3 Clopidogrel n/a n/a n/a n/a
(patient at very
high risk of
bleeding)
4 Warfarin 1 THV Normalized Mean gradient
thrombus 10 mmHg,
regression EOAmy 1.5
cn¥, EF 60%
5 Warfarin+aspirin 3 Complete Normalized Mean gradient 9
THV mmHg, EOAwy
thrombus 1.8 cnf, EF
resolution 20%

LVEF: left ventricular ejection fraction, EOA: effeve orifice area, L&y: THV leaflet located in the native left coronanysp position,
MDCT: multidetector computed tomography, NG: THV leaflet located in the native noncoronarygpssition, NYHA: New York
Heart Association class, RGy: THV leaflet located in the native right coronaysp position, TEE: transesophageal echocardiograph
TTE: transthoracic echocardiography



Online Table 3. Clinical and imaging characteristics, and clinical outcomesin patientswith

non-obstructive ver sus obstructive THV thrombosis

Obstructive THV OR (95%CI)
thrombosis p value
+ (n=23) - (n=5)
Clinical characteristics
) 83 (79-
Age (y), median (IQR) 5) 83 (79-85) 0.75 1.02 (0.73-1.41)
STS PROM, median 5.1 (2.9-
6.3 (3.2-10) 0.50 1.21 (0.77-1.89)
(IQR) 6.4)
Post-TAVR
antithrombotic regimen 3 (13) 0 1.00 -
involving warfarin
Routine follow-up visit 1*
LVEF <35% 3(13) 2 (40) 0.21 4.44 (0.55-35.8)
Mean trans-THV gradient
8+4 21+6 >0.0001 1.40 (1.10-2.05)
(mmHg)
EOAmv (cnt) 1.6+0.5 0.8+0.1 0.002 0.40 (0.15-0.80)
Number of involved leaflets  1.3+0.5 2.4+0.5 0.0001 -

Maximal leaflet thickness 4.2+1.8 7.5+1.3

NYHA Il or IV 3(13) 4 (80)
Death before routine follow-
. 1(6) 1(33)
up visit 2t
Routine follow-up visit 211
Mean trans-THV gradient
8+3 1040

(mmHg)

0.0007 1.12 (1.02-1.25)

26.6 (3.29-
0.008
215.87)
7.50 (0.42-
0.30
135.30)



EOAmv (cnm) 1.6+0.4 1.5+0.1 - -
NYHA Il or IV 2 (13) 0 - -

Stroke 1(7) 1 (50) - y

Values are n(%) or mean +SD if not stated otherwise

* For patients with obstructive THV thrombosis, aacquired at the time of the diagnosis of
THYV obstruction is used (Table S2 in the Supplement

Tt Number of patients within 12 months from TAVRia time of data analysis: Non-obstructive
THYV thrombosis: n=16; obstructive THV thrombosis3n

t1 Number of patients with 12-month follow-up: Nobstructive THV thrombosis: n=15;
obstructive THV thrombosis: n=2

EOA: effective orifice area, IQR: interquartile ggn NYHA: New York Heart Association class,
LVEF: LVEF: left ventricular ejection fraction, MDC multidetector computed tomography,
MR: mitral regurgitation, STS PROM: Society of Thoic Surgeons predicted risk of mortality,
TAVR: transcatheter aortic valve replacement, Titenscatheter heart valve



Online Table 4. Antithrombotic therapy at 12-month post-TAVR follow-up
(routinefollow-up visit 2).

Total THYV thrombosis
(n=246)  -(n=229)  + (n=17)
None 0 0 0
Aspirin only 2 (0.9) 2 (0.9) 0
Clopidogrel only 2 (0.9) 2 (0.9) 0
Aspirin+clopidogrel 116 (51) 115 (50) 1(6)
Warfarin only 28 (11) 25 (11) 3 (18)
Warfarin+aspirin 73 (30) 64 (28) 9(53)
Warfarin+clopidogrel 24 (10) 20 (9) 4 (24)
Warfarin+aspirin+clopidogrel 0 0 0
NOAC only 1 (0.4) 1 (0.4) 0

Values are n (%).
NOAC: non-vitamin K antagonist oral anticoagulaftVVR: transcatheter aortic valve

replacement



